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I nt roducti on

Thi s docunent defines scenarios where Static Context Header
Conpressi on and fragnentati on (SCHC) [ RFC8724] [RFC8824] are suitable
for 3rd Generation Partnership Project (3GPP) and Narrowband | nternet
of Things (NB-10T) protocol stacks.

In the 3G°PP and the NB-10T networks, header conpression efficiently
brings Internet connectivity to the Device UE (Dev-UE), the radio
(RGW eNB) and network (NGWMMVE) gateways, and the Application Server
Thi s docunent describes the SCHC paraneters supporting SCHC over the
NB- | oT architecture

Thi s docunent assunes functionality for NB-10T of 3GPP rel ease 15
[R15-3GPP]. O herwise, the text explicitly nentions other versions
functionality.

Thi s docunent has two parts: nornative end-to-end scenarios
descri bi ng how any application nmust use SCHC over the 3GPP public
service and informational scenari os about how 3GPP could use SCHC in
their protocol stack network.

Conventions and Definitions

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here

Ter mi nol ogy

Thi s docunent will follow the terns defined in [RFC8724], [RFC8376],
and [ TR23720] .

Capillary Gateway: Facilitates seanl ess integration because it has
wi de-area connectivity through cellular and provi des w de-area
access as a proxy to other devices using LAN technol ogies (BT, W-
Fi, Zi gbee, or others).

Cel lular 10T Evol ved Packet System (CloT EPS): A functionality to
i mprove the support of small data transfers.

Device UE (Dev-UE): As defined in [RFC8376], Section 3.

Dat a over Non-Access Stratum (DoNAS): Sending user data within
signal i ng nessages over the NAS functional |ayer

Evol ved Packet Connectivity (EPC): Core network of 3GPP LTE systens.



Evol ved Universal Terrestrial Radio Access Network (EUTRAN): Radio
access network of LTE-based systens.

Hybrid Automati c Repeat reQuest (HARQ: A conbination of high-rate
Forward Error Correction (FEC) and Autonatic Repeat reQuest (ARQ
error control.

Hone Subscriber Server (HSS): A database that contains users’
subscription data, including data needed for nobility managenent.

| P address: | Pv6 or | Pv4 address used.

I nterWbrking Service Capabilities Exposure Function (1WK-SCEF): Used
in roamng scenarios, is located in the Visited PLMN, and serves
for interconnection with the Service Capabilities Exposure
Function (SCEF) of the Home PLM\.

Layer 2 (L2): L2 in the 3GPP architectures includes MAC, RLC, and
PDCP | ayers; see Appendi x A

Logi cal Channel ID (LCID): The |ogical channel instance of the
correspondi ng MAC SDU.

Medi um Access Control (MAC) protocol: Part of L2.

Non- Access Stratum (NAS): Functional |ayer for signaling nmessages
that establishes comruni cati on sessions and nmi ntai ns the
conmuni cati on while the user npbves.

Narrowband 10T (NB-10T): A 3GPP Low Power WAN (LPWAN) technol ogy
based on the LTE architecture but with additional optimzation for
I oT and using a Narrowband spectrum frequency.

Net work Gateway - CloT Serving Gateway Node (NGWMCSGN): As defined
in [ RFC8376], Section 3.

Net work Gateway - Cellul ar Serving Gateway (NGW¥CSGN: Routes and
forwards the user data packets through the access network.

Network Gateway - Mobility Managenment Entity (NGMMVE): An entity in
charge of handling nobility of the Dev-UE

Net wor k Gat eway - Packet Data Network Gateway (NGMPGN: An
interface between the internal and external network.

Net work Gateway - Service Capability Exposure Function (NGWMSCEF): E
PC node for exposure of 3GPP network service capabilities to third
party applications.

Non-|1 P Data Delivery (NIDD): End-to-end comunication between the UE
and the Application Server.

Packet Data Convergence Protocol (PDCP): Part of L2.

Publ i c Land-based Mbile Network (PLMN): A conbination of wreless
conmuni cati on services offered by a specific operator.

Protocol Data Unit (PDU): A data packet including headers that are
transm tted between entities through a protocol.

Radi o Link Protocol (RLC): Part of L2.

Radi o Gateway - evol ved Node B (RGMeNB): Base Station that controls
the UE.

Service Data Unit (SDU): A data packet (PDU) from higher-1|ayer
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protocol s used by | ower-layer protocols as a payload of their own
PDUs.

NB-1 oT Architecture

The NB-10T architecture has a conplex structure. It relies on
different Network Gateways (NGA) fromdifferent providers. 1t can
send data via different paths, each with different characteristics in
terns of bandwi dth, acknow edgnments, and L2 reliability and
segnent ati on.

Figure 1 shows this architecture, where the Network Gateway -

Cel lul ar 10T Serving Gateway Node (NGW CSGN) optimn zes co-locating
entities in different paths. For exanple, a Dev-UE using the path
fornmed by the Network Gateway - Mbility Managenent Entity (NGW MVE),
the NGM CSGWN and the Network Gateway - Packet Data Network Gateway
(NGWPGN nmay get a limted bandwi dth transm ssion froma few bytes/s
to one thousand bytes/s only.

Anot her node introduced in the NB-10T architecture is the Network

Gat eway - Service Capability Exposure Function (NGW SCEF), which
securel y exposes service and network capabilities to entities
external to the network operator. The Open Mbile Alliance (OVA)

[ OMA0116] and the One Machine to Machi ne (OneM2M [ TR-0024] define
the northbound APIs. [TS23222] defines architecture for the conmon
APl framework for 3GPP northbound APls. [TS33122] defines security
aspects for a common APl framework for 3GPP northbound APIs. In this
case, the path is snall for data transnission. The nmain functions of
the NGM SCEF are path connectivity and device nonitoring

+-- -+ Fom - + e +
| Dev| \ | +----- + | ---] HSS |
| -UE | | NGwW| | R +
to--t | | 1-MVE |\ __
\ T + ]\
+---+ \+----- + /| | | +------ +
|Dev| ----| RGW|- | | | | Now |
| - UE] |-eNB | | | | | SCEF |--------- +
+-- -+ [ +----- + 1\ | | +------ + |
/ \ He----- +| |
/ [\] NGW || +----- I +
+---+ | | CSGW|--] NGW]|---|Application|
| Dev| || Il | pewv| |  Server |
| - UE| | +------ +H oA + R +
+-- -4 | |
| NGW CSGN |
R +

Figure 1: 3GPP Network Architecture
Data Transmission in the 3GPP Architecture

NB-1 0T networks deal with end-to-end user data and in-band signaling
bet ween the nodes and functions to configure, control, and nonitor
the system functi ons and behaviors. The signaling uses a different
path with specific protocols, handling processes, and entities but
can transport end-to-end user data for 10T services. |In contrast,
the end-to-end application only transports end-to-end data.

The recommended 3GPP MIU size is 1358 bytes. The radi o network
protocols Iimt the packet sizes over the air, including radio
protocol overhead, to 1600 bytes; see Section 5.2.3. However, the
recomended 3GPP MIU is snaller to avoid fragnentation in the network
backbone due to the payl oad encryption size (rmultiple of 16) and the
addi tional core transport overhead handling.



3GPP standardi zes NB-10T and, in general, the interfaces and
functions of cellular technologies. Therefore, the introduction of
SCHC entities to Dev-UE, RGN eNB, and NGV CSGN needs to be specified
in the NB-10T standard.

Thi s docunent identifies the use cases of SCHC over the NB-10T
archi tecture.

The first use case is of the radio transm ssion (see Section 5.2.1)
where the Dev-UE and the RGMeNB can use the SCHC functionalities

The second is where the packets transmtted over the control path can
al so use SCHC when the transm ssion goes over the NGV MVE or NGW SCEF
(see Section 5.2.2).

These two use cases are also valid for any 3GPP architecture and not
only for NB-10oT. And as the 3GPP internal network is involved, they
have been put in the informational part of this section

And the third covers the SCHC over Non-IP Data Delivery (N DD)
connection or at least up to the operator network edge (see

Section 5.1.1). In this case, SCHC functionalities are available in
the application |ayer of the Dev-UE and the Application Servers or a
broker function at the edge of the operator network. NGNPGNor NGM
SCEF transnmit the packets that are Non-1P traffic, using IP tunneling

or APl calls. It is also possible to benefit |egacy devices with
SCHC by using the Non-IP transm ssion features of the operator
net wor k.

A Non-1P transnission refers to an L2 transport that is different
from NB-10T

5.1. Normative Scenari os

These scenarios do not nmodify the 3GPP architecture or any of its
components. They only use the architecture as an L2 transm ssion

5.1.1. SCHC over Non-IP Data Delivery (N DD)

This section specifies the use of SCHC over N DD services of 3GPP.
The NI DD services of 3GPP enabl e the transm ssion of SCHC packets
compressed by the application |ayer. The packets can be delivered
bet ween the NGV PGW and the Application Server or between the NGWM
SCEF and the Application Server, using IP-tunnels or APl calls. In
bot h cases, as conpression occurs before transnission, the network
wi || not understand the packet, and the network does not have context
information of this conpression. Therefore, the network will treat
the packet as Non-IP traffic and deliver it to the other side wthout
any other protocol stack element, directly over L2.

5.1.1.1. SCHC Entities Placing over N DD

In the two scenarios using N DD conpression, SCHC entities are

| ocated al nbst on top of the stack. The NB-10T connectivity services
i npl ement SCHC in the Dev-UE, an in the Application Server. The IP
tunneling scenario requires that the Application Server send the
conpressed packet over an | P connection term nated by the 3GPP core
network. |f the transm ssion uses the NGWMSCEF services, it is
possible to utilize an APl call to transfer the SCHC packets between
the core network and the Application Server. Also, an I[P tunne

coul d be established by the Application Server if negotiated with the
NGW SCEF.

| scHC | XXX XXX | SCHC
[ (Non-1P) +----- ¢ ST XX. ... +--*---+(Non-1P)|



R + XX +----4+ XX | | R +
| | X | SCEF+------- L B |
| | XXX 3CGPP RAN &  +----+ XXX +---+ UDP |
| | XXX CORE NETWORK XXX | | |
| L2 +- - - +XX R + Fommm o +
| | XX | I P TUNNELI NGt- - + |
| | XXX R R + +---+ |P |
R + XXXX XXXX | R +
| PHY R LD 0.9,0.9.9,0.9.9.0.9,.0.9.0,0.9.9.9.0,0.9,0,0.4 +---+ PHY |
o - + o - +
Dev- UE Appl i cation

Server

Figure 2: End-to-End Conpression: SCHC Entities Placed when Using
Non-1 P Delivery (N DD) 3GPP Services

5.1.1.2. Paraneters for Static Context Header Conpression and
Fragment ati on ( SCHC)

These scenari os MAY use the SCHC header conpression capability to
i nprove the transm ssion of |Pv6 packets.

* SCHC Context Initialization

The application layer handles the static context. Consequently,
the context distribution MJST be according to the application’s
capabilities, perhaps utilizing IP data transm ssions up to
context initialization. Also, the static context delivery nay use
the sane | P tunneling or NGM SCEF services used later for the
transport of SCHC packets.

*  SCHC Rul es

For devices acting as a capillary gateway, several rules natch the
diversity of devices and protocols used by the devices associ ated
with the gateway. Meanwhile, sinpler devices may have
predeterm ned protocols and fixed paraneters.

* RulelD

This scenario can dynami cally set the Rulel D size before the
context delivery, for exanple, by negotiating between the
appl i cati ons when choosing a profile according to the type of
traffic and application deployed. Transm ssion optim zation may
require only one Physical Layer transm ssion. SCHC overhead
SHOULD NOT exceed the avail abl e nunber of effective bits of the
smal | est physical Transport Block (TB) available to optinize the
transm ssion. The packets handl ed by 3GPP networks are byte-
aligned. Thus, to use the smallest TB, the maxi num SCHC header
size is 12 bits. On the other hand, nore conplex NB-10T devices
(such as a capillary gateway) mght require additional bits to
handl e the variety and nultiple paraneters of higher-Iayer
protocol s depl oyed. The configuration may be part of the agreed
operation profile and content distribution. The RulelD field size
may range from2 bits, resulting in 4 rules, to an 8-bit val ue,
yielding up to 256 rules for use by operators. A 256-rul e nmaxi mum
limt seens to be quite reasonable, even for a device acting as a
NAT. An application may use a larger RulelD, but it should
consider the byte alignment of the expected Conpression Residue.
In the mnimum TB size case, 2 bits of RulelD |leave only 6 bits
avai l abl e for Conpression Residue.

*  SCHC MAX_PACKET_SI ZE

In these scenarios, the maxi mum RECOWENDED MIU si ze is 1358 bytes
since the SCHC packets (and fragnents) are traversing the whol e



3GPP network infrastructure (core and radio), not only the radio
as in the I P transm ssions case.

Fragnent ati on

Packets larger than 1358 bytes need the SCHC fragnentation
function. Since the 3GPP uses reliability functions, the No-ACK
fragnentati on node MAY be enough in point-to-point connections.
Nevert hel ess, additional considerations are described bel ow for
nore conpl ex cases

Fragment ati on Modes

A gl obal service assigns a Q@S to the packets, e.g., depending on
the billing. Packets with very |ow QS may get | ost before
arriving in the 3GPP radi o network transmi ssion, e.g., in between
the links of a capillary gateway or due to buffer overfl ow
handling in a backhaul connection. The use of SCHC fragmentation
with the ACK-on-Error nmode is RECOVMENDED to secure additiona
reliability on the packets transmitted with a small trade-off on
further transm ssions to signal the end-to-end arrival of the
packets if no transport protocol takes care of retransni ssion

Al so, the ACK-on-Error node could be desirable to keep track of
all the SCHC packets delivered. 1In that case, the fragnmentation
function could be activated for all packets transmtted by the
applications. SCHC ACK-on-Error fragnmentation MAY be activated in
transmtting Non-1P packets on the NGMWMVE. A Non-1P packet wil
use SCHC reserved Rul el D for non-conpressi ng packets as [ RFC8724]
allows it.

Fragnment ati on Paraneters
SCHC profile will have specific Rules for the fragnentati on nodes.

The rule will identify which fragmentation node is in use, and
Section 5.2.3 defines the Rulel D size.

SCHC paranetri zati on considers that NB-10T aligns the bit and uses
paddi ng and the size of the Transfer Block. SCHC will try to reduce
padding to optim ze the conpression of the information. The header
size needs to be a multiple of 4. The Tiles MAY keep a fixed val ue
of 4 or 8 bits to avoid paddi ng, except for when the transfer bl ock
equals 16 bits as the Tiles may be 2 bits. The transfer block size
has a wi de range of values. Two configurations are RECOMVENDED f or
the fragnentation paraneters

*

For Transfer Bl ocks smaller than or equal to 304 bits using an
8-bit Header _size configuration, with the size of the header
fields as foll ows:

- RulelDfrom1l - 3 bits

- DrTag 1 bit

- FCN 3 hits

- W1 bits

For Transfer Bl ocks bigger than 304 bits using a 16-bit

Header _size configuration, with the size of the header fields as
fol |l ows:

- RulesIDfrom8 - 10 bits

- Drag 1 or 2 bits

- FCN 3 bits



- W2 or 3 bits
*  WNDOW SIZE of (2°N)-1 i s RECOMVENDED.

* Reassenbly Check Sequence (RCS) will follow the default size
defined in Section 8.2.3 of [RFC8724], with a length equal to the
L2 Word.

*  MAX _ACK REQ i s RECOVMENDED to be 2, but applications MAY change
this value based on transm ssion conditions.

The 10T devices comunicate with small data transfers and use the
Power Save Mode and the Idle Mbode Di scontinuous Reception (DRX),

whi ch govern how often the device wakes up, stays up, and is
reachable. The use of the different nodes allows the battery to | ast
ten years. Table 10.5.163a in [TS24008] defines the radio tiner
values with units incrementing by N The units of N can be 1 hour or
10 hours. The range used for 1oT is of Nto 3N, where N increnents
by one. The Inactivity Timer and the Retransm ssion Tinmer can be set
based on these linmts.

5.2. Informational Scenari os
These scenari os show how 3GPP coul d use SCHC for their transm ssions.
5.2.1. Use of SCHC over the Radi o Link

Depl oyi ng SCHC over the Radio Link only would require placing it as
part of the protocol stack for data transfer between the Dev-UE and
the RGMeNB. This stack is the functional |ayer responsible for
transporting data over the wrel ess connecti on and nanagi ng radio
resources. There is support for features such as reliability,
segnentation, and concatenation. The transm ssions use |ink
adaptati on, neaning that the systemw || optimze the transport
format used according to the radio conditions, the nunber of bits to
transmt, and the power and interference constraints. That neans
that the nunber of bits transmtted over the air depends on the

sel ected Modul ation and Codi ng Schenes (MCSs). Transport Bl ock (TB)
transm ssi ons happen in the Physical Layer at network-synchronized
intervals called Transmission Tinme Interval (TTlI). Each TB has a
different MCS and nunber of bits available to transnmit. The MAC

| ayer [TR36321] defines the characteristics of the TBs. The Radio
Li nk stack shown in Figure 3 conprises the Packet Data Convergence
Prot ocol (PDCP) [TS36323], the Radio Link Protocol (RLC) [TS36322],
t he Medi um Access Control protocol (MAC) [TR36321], and the Physica
Layer [TS36201]. Appendix A gives nore details about these

pr ot ocol s.
Fomm e e e + Fomm e e e +
[ TP/NON- 1 PH-- o e e e e e +1 P/ Non- | P+- >+
S - + | . + S - +
| PDCP S + PDCP | GIP|U +------ + GIP-U | ->+
| (SCHO) + + (SCHQ) | + + | |
TS + | S + TS +
| RLC Foeme - - + RLC | UDP/ TP +------ + UDP/IP +->+
S + | S + | S +
| MAC Foemem - + MAC | L2 +------ + L2 +->+
- + | . + | - +
| PHY R + PHY | PHY +------ + PHY +- >+
TS + S + TS +
C Wu/ S1-U SG
Dev- UE RGWV eNB NGW CSGN
Radi o Li nk

Figure 3: SCHC over the Radi o Link



5.2.1.1. Placing SCHC Entities over the Radio Link

The 3GPP architecture supports Robust Header Conpression (ROHC)

[ RFC5795] in the PDCP layer. Therefore, the architecture can depl oy
SCHC header conpression entities simlarly without the need for
significant changes in the 3GPP specifications.

The RLC | ayer has three functional nbdes: Transparent Mde (TM,
Unacknow edged Mbde (UM, and Acknow edged Mbde (AM. The node of
operation controls the functionalities of the RLC |ayer. TMonly
applies to signaling packets, while AMor UM carry signaling and data
packets.

The RLC | ayer takes care of fragnentation except for the TM | n AM
or UM the SCHC fragnmentation is unnecessary and SHOULD NOT be used.
Whi | e sending | P packets, the Radio Link does not commonly use the
RLC TM  However, if other protocol overhead optim zations are
targeted for NB-10T traffic, SCHC fragnentation may be used for TM
transm ssion in the future

5.2.2. Use of SCHC over the Non-Access Stratum (NAS)

This section consists of |ETF suggestions to the 3GPP. The NGW MVE
conveys mainly signaling between the Dev-UE and the cellular network
[ TR24301]. The network transports this traffic on top of the Radio
Li nk.

This kind of flow supports data transmi ssions to reduce the overhead
when transmitting infrequent small quantities of data. This

transm ssion is known as Data over Non-Access Stratum (DoNAS) or
Control Plane CloT EPS optim zations. |n DoNAS, the Dev-UE uses the
pre-established security, can piggyback small uplink data into the
initial uplink nessage, and uses an additional nessage to receive a
downl i nk small data response.

The NGWM MVE perforns the data encryption fromthe network side in a
DoNAS PDU. Depending on the data type signaled indication (IP or
Non-| P data), the network allocates an | P address or establishes a
direct forwarding path. DoNAS is regul ated under rate control upon
previ ous agreenent, neaning that a maxi mum nunber of bits per unit of
time is agreed upon per device subscription beforehand and confi gured
in the device

The systemwi ||l use DoONAS when a terminal in a power-saving state
requires a short transm ssion and receives an acknow edgnment or short
feedback fromthe network. Depending on the size of the buffered
data to be transmitted, the Dev-UE m ght depl oy the connected node
transm ssion instead. The connected node would Iimt and control the
DoNAS transm ssions to predefined thresholds, and it would be a good
resource optimzation balance for the terninal and the network. The
support for nobility of DoNAS is present but produces additiona
overhead. Appendix B gives additional details of DoNAS

5.2.2.1. Placing SCHC Entities over DoNAS

SCHC resides in this scenario’ s Non-Access Stratum (NAS) protoco

| ayer. The sanme principles as for Section 5.2.1 apply here as well.
Because the NAS protocol already uses ROHC [ RFC5795], it can al so
adapt SCHC for header conpression. The main difference conpared to
the Radio Link (Section 5.2.1) is the physical placing of the SCHC
entities. On the network side, the NGMMVE resides in the core
network and is the term nating node for NAS instead of the RGW eNB.



Non-1P | | | | Non-1P | Non-IP| | | Non-1P |
I

-------- + | o e e oo+ e
NAS A e T + NAS | GIP-C/U +----- +GTP-C/ U |
[ (SCHO) | | | | (SCHO) | [ I
-------- + T oot Fomm e+
RRC +----- +RRC | S1| AP+----- + S1| AP | | |
-------- + T +--------+ UDP +-----+ UDP |
PDCP*  +----- +PDCP* | SCTP +- - - - - + SCTP | | |
-------- + R L R T T
RLC S e + RRC| IP +----- + 1P | IP S e + 1P |
-------- + T R LT e
MAC +----- + MMC | L2 +----- + L2 | L2 +----- + L2 |
-------- + T R TR S
PHY +--+--+ PHY | PHY +--+--+ PHY | PHY +----- + PHY |
-------- + e I R R ST T
C W/ S1 SG
Dev- UE RGW eNB NGW MVE NGW PGW
*PDCP i s bypassed until AS security is activated TGPP36300.
Figure 4: SCHC Entities Placenent in the 3GPP Cl O Radi o Protoco
Architecture for DoNAS Transm ssions
Paranmeters for Static Context Header Conpression and

5. 2.

Fragnmentation (SCHC) for the Radi o Link and DoNAS Use Cases

If 3CGPP incorporates SCHC, it is recomrended that these scenarios use
the SCHC header conpression [ RFC8724] capability to optimze the data
transm ssi on.

*

SCHC Context Initialization

The Radi o Resource Control (RRC) protocol is the main tool used to
configure the paraneters of the Radio Link. It will configure
SCHC and the static context distribution as it has been made for
ROHC operation [ RFC5795] [TS36323].

SCHC Rul es

The network operator defines the nunmber of rules in these
scenarios. For this, the network operator nust know the IP
traffic the device will carry. The operator night supply rules
compatible with the device' s use case. For devices acting as a
capillary gateway, several rules match the diversity of devices
and protocols used by the devices associated with the gateway.
Meanwhi | e, sinpler devices may have predeterm ned protocols and
fixed paranmeters. The use of IPv6 and | Pv4 may force the operator
to develop nore rules to deal with each case

Rul el D

There is a reasonabl e assunption of 9 bytes of radio protoco
overhead for these transnission scenarios in NB-l10T, where PDCP
uses 5 bytes due to header and integrity protection and where RLC
and MAC use 4 bytes. The mni num physical TBs that can w thhol d
this overhead val ue, according to the 3GPP Rel ease 15
specification [ RL5-3GPP], are 88, 104, 120, and 144 bits. As for
Section 5.1.1.2, these scenarios nust optinize the Physical Layer
where the smallest TB is 12 bits. These 12 bits nust include the
Conpressi on Residue in addition to the RulelD. On the other hand,
nmore conpl ex NB-10T devices (such as a capillary gateway) m ght
require additional bits to handle the variety and nultiple
paraneters of higher-layer protocols deployed. |In that sense, the
operator nmay want flexibility on the nunber and type of rules

i ndependent |y supported by each device; consequently, these
scenarios require a configurable value. The configuration may be
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part of the agreed operation profile with the content

distribution. The RulelD field size may range from2 bits,
resulting in 4 rules, to an 8-bit value, yielding up to 256 rules
for use with the operators. A 256-rule maximumlinmt seens to be
quite reasonable, even for a device acting as a NAT. An
application may use a larger RulelD, but it should consider the
byte alignment of the expected Conpression Residue. 1In the

m ni mum TB size case, 2 hits of RulelD leave only 6 bits available
for Conpression Residue.

*  SCHC MAX_PACKET_SI ZE

The Radi o Link can handle the fragnmentati on of SCHC packets if
needed, including reliability. Hence, the packet size is limted
by the MIU that is handled by the radi o protocols, which
corresponds to 1600 bytes for the 3GPP Rel ease 15.

*  Fragment ati on

For the Radio Link (Section 5.2.1) and DoNAS (Section 5.2.2)
scenarios, the SCHC fragnentation functions are disabled. The RLC
| ayer of NB-10T can segnent packets into suitable units that fit
the selected TB for transm ssions of the Physical Layer. The

bl ock selection is made according to the |ink adaptation input
function in the MAC | ayer and the quantity of data in the buffer
The |ink adaptation | ayer may produce different results at each
TTl, resulting in varying physical TBs that depend on the network
| oad, interference, nunber of bits transmtted, and Q©S. Even if
setting a value that allows the construction of data units
following the SCHC tiles principle, the protocol overhead may be
greater or equal to allow ng the Radio Link protocols to take care
of the fragnentation intrinsically.

* Fragnmentation in RLC TM

The RLC TM nostly applies to control signaling transm ssions.
VWhen RLC operates in TM the MAC | ayer mechani sms ensure
reliability and generate overhead. This additional reliability
i nplies sending repetitions or automatic retransm ssions.

The ACK- Al ways fragmentati on node of SCHC nay reduce this overhead
in future operations when data transmi ssions may use this node.
The ACK- Al ways nmode may transmit conpressed data with fewer
possi bl e transm ssions by using fixed or limted TBs conpati bl e
with the tiling SCHC fragnmentation handling. For SCHC
fragnmentation paraneters, see Section 5.1.1.2.
Paddi ng
NB-10T and 3GPP wirel ess access, in general, assunes a byte-aligned
payl oad. Therefore, the L2 Word for NB-10oT MJST be consi dered 8
bits, and the padding treatnent should use this value accordingly.
I ANA Consi derati ons
Thi s document has no | ANA acti ons.
Security Considerations

Thi s docunent does not add any security considerations and foll ows
[ RFC8724] and the 3GPP access security docunment specified in

[ TS33122].
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endix A. NB-10T User Plane Protocol Architecture
. Packet Data Convergence Protocol (PDCP)

Each of the Radio Bearers (RBs) is associated with one PDCP entity

[ TS36323]. Moreover, a PDCP entity is associated with one or two RLC
entities, depending on the unidirectional or bidirectional
characteristics of the RB and RLC node used. A PDCP entity is
associated with either a control plane or a user plane with

i ndependent configuration and functions. The nmaxi num supported size
for NB-10T of a PDCP SDU is 1600 octets. The primary services and
functions of the PDCP sublayer for NB-10T for the user plane include:

* Header conpression and deconpressi on usi ng ROHC [ RFC5795]

* Transfer of user and control data to higher and | ower |ayers

* Duplicate detection of |ower-layer SDUs when re-establishing
connection (when RLC with Acknow edge Mode is in use for User
Pl ane only)

* G phering and deci phering

* Timer-based SDU di scard in uplink

Radi o Li nk Protocol (RLC

RLC [ TS36322] is an L2 protocol that operates between the User

Equi prent (UE) and the base station (eNB). It supports the packet
delivery from higher layers to MAC, creating packets transmitted over
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the air, optimzing the TB utilization. RLC flow of data packets is
unidirectional, and it is conposed of a transmitter located in the
transm ssion device and a receiver located in the destination device.
Therefore, to configure bidirectional flows, tw sets of entities,
one in each direction (downlink and uplink), nust be configured and
effectively peered to each other. The peering allows the

transm ssion of control packets (e.g., status reports) between
entities. RLC can be configured for a data transfer in one of the
fol | owi ng nodes:

*  Transparent Mdde (TM

RLC does not segnent or concatenate SDUs from higher | ayers in
this node and does not include any header with the payload. RLC
receives SDUs from upper |ayers when acting as a transmtter and
transmts directly to its flow RLC receiver via |lower |ayers.
Simlarly, upon reception, a TM RLC receiver woul d not process the
packets and only deliver themto higher |ayers.

* Unacknow edged Mode (UM

Thi s node provides support for segnmentation and concatenation of
payl oad. The RLC packet’s size depends on the indication given at
a particular transm ssion opportunity by the |lower |ayer (MAC) and
is octet-aligned. The packet delivery to the receiver does not
include reliability support, and the | oss of a segnent froma
packet neans a conplete packet loss. Also, in |ower-I|ayer
retransm ssions, there is no support for re-segnmentation in case
the radi o conditions change and trigger the selection of a snaller
TB. Additionally, it provides PDU duplication detection and

di scards, out-of-sequence reordering, and | oss detection

*  Acknow edged Mode (AM

In addition to the sane functions supported by UM this node al so
adds a movi ng wi ndows-based reliability service on top of the

| ower-layer services. |1t also supports re-segnentation, and it
requires bidirectional comrunication to exchange acknow edgnent
reports, called RLC Status Reports, and to trigger

retransm ssions. This nodel al so supports protocol-error
detection. The node used depends on the operator configuration
for the type of data to be transnmitted. For exanple, data
transm ssi ons supporting nmobility or requiring high reliability
woul d be nost |ikely configured using AM Meanwhi |l e, strean ng
and real -tine data would be mapped to a UM configuration.

Medi um Access Control (MAQ

MAC [ TR36321] provi des a mappi ng between the hi gher |ayers
abstraction call ed Logical Channels (which are conprised by the
previously described protocols) and the Physical Layer channels
(transport channels). Additionally, MAC nay multipl ex packets from
di fferent Logical Channels and prioritize which ones to fit into one
TB if there is data and space avail able to nmaxim ze data transm ssion
efficiency. MAC also provides error correction and reliability
support through Hybrid Automatic Repeat reQuest (HARQ, transport
format sel ection, and scheduling information reported fromthe
terminal to the network. MAC al so adds the necessary paddi ng and

pi ggyback control elenents, when possible, as well as the higher

| ayers dat a.

<Max. 1600 bytes>
+-- -+ +-- -+ S +
Appl i cation | AP1| | AP1| | AP2 |
(1 P/ Non-1P) | PDUJ | PDUJ | PDU |
+---+ +---+ +ommmm - +
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| PDCP| AP1| | PDCP| AP1| | PDCP|  AP2 |
| Head| PDU| | Head| PDU| | Head| PDU |
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[ N B | I N \
boseeosossiseiisooisoiooss + NG T IR \(2)\
RLC | RLC | PDCP| AP1| RLC | PDCP| APL| +------------- + tooom|--- 4+
| Head| Head| PDU| Head| Head| PDU| | RLC | PDCP| AP2| | RLC | AP2|
Fomememeeaa ICEEE T + | Head| Head| PDU| | Head| PDU|
| | +--------- | ---+ E - +
| | | LCID1 | | / / / / /
/ / / ] _ / / LCI D2 /
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MAC | MAC| RLC| PDCP|] AP1| RLC| PDCP| AP1| RLC| PDCP| AP2| | MAC| RLC| AP2| Pad]|
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(1) Segnent One
(2) Segnent Two

Figure 5: Exanple of User Plane Packet Encapsul ation for Two
Transport Bl ocks

Appendi x B. NB-10T Data over NAS ( DoNAS)

The Access Stratum (AS) protocol stack used by DoNAS is specific
because the radio network still needs to establish the security
associ ations and reduce the protocol overhead so that the PDCP is
bypassed until the AS security is activated. By default, RLC uses
the AM  However, depending on the network’s features and the

term nal, RLC may change to other nodes by the network operator. For
exanpl e, the TM does not add any header nor process the payload to
reduce the overhead, but the MU would be limted by the TB used to
transmt the data, which is a couple of thousand bits maxi rum |f UM
(only terminals conpatible with 3GPP Rel ease 15 [R15-3GPP]) is used,
the RLC nmechani sms of reliability are disabled, and only the
reliability provided by the MAC | ayer by HARQ is available. In this
case, the protocol overhead m ght be smaller than the AM case because
of the lack of status reporting, but the overhead woul d have t he sane
support for segmentation up to 1600 bytes. NAS packets are

encapsul ated within an RRC [ TS36331] nessage.

Dependi ng on the data type indication signaled (1P or Non-1P data),
the network allocates an I P address or establishes a direct
forwarding path. DoNAS is regul ated under rate control upon previous
agreenent, neaning that a maxi num nunber of bits per unit of tine is
agreed upon per device subscription beforehand and configured in the
device. The use of DoONAS is typically expected when a terminal in a
power-saving state requires a short transmission and is receiving an
acknow edgment or short feedback fromthe network. Depending on the
size of buffered data to be transmtted, the UE nmight be instructed
to deploy the connected nbde transm ssions instead, limting and
controlling the DoNAS transnissions to predefined thresholds and a
good resource optim zati on balance for the term nal and the network.
The support for mobility of DoNAS is present but produces additiona
over head.
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Figure 7: Exanmple of User Plane Packet Encapsul ation for Data
over NAS
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