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Abstract
Thi s docunent defines the terrestrial nenber of the Milti-Vantage
Pat h Snapshot (MVPS) domain trio (space, sea, land). It targets
vant ages that nove on land -- vehicles, trains, drones -- connected

through cellular (5G LTE) radi o access, where the bounded j oint

cl ock-skew axiom Al is stressed not by clock drift (GNSS is normally
avai | abl e) but by handover between base stations and sl ot-based
scheduling jitter.

The profile is DEFENSIVE: it concerns detection of coherence
anomal i es (intrusion, comruni cations tanpering, rogue base stations).
It defines no navigation, targeting, or kinetic function. The
docunent proves Al holds on the deploynent tick under explicit
cellular-timng budgets, gives a closed-form maxi mum handover
interruption, proves Doppler is dom nated at terrestrial speeds, and
inherits the core theorems via the MV/PS Architecture-Invariance
Theorem Al properties are validated by

scripts/validate terrestrial _nobile.py (7/7 PASS, exit 0) and
recorded in evidence/terrestrial _nobile_receipt.json
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This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
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This Internet-Draft will expire on 29 Novenber 2026

Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(https://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunments
carefully, as they describe your rights and restrictions with



respect to this docunent. Code Components extracted fromthis
docunment nust include Revised BSD License text as described in
Section 4.e of the Trust Legal Provisions and are provided wi thout
warranty as described in the Revised BSD License.

Tabl e of Contents

1. Introduction . . . 2
1.1. The Space/Sea/Land Tr|o e 3
1.2. Defensive Scope and Non- Goal s . 3

2. Termnology . . . 4

3. The Cellular Joi nt Skew l\/bdel Lo 5

4. Re-establishing AxiomAl (Lemma L- TER—l) 6

5. Maxi mum Handover Interruption (Lemma L-TER-2) 6

6. Doppler Is Dom nated (Lenma L- TER-4) 7

7. Inheritance of the Core Theorens 8

8. Byzantine and Spoofed Vantages . . 8

9. Rogue Base Stations (Cbn]ecture C—TER—l) 9

10. Qperational Logging . . . 9

11. Nurmerical Recei pt . 10

12. Security Con5|derat|ons . 10

13. | ANA Consi derations . 11

14. References . 11
14.1. Normative References . 11
14.2. Informative References . 11

Appendi x A Wirked Budgets (hbrnatlve) 12

Aut hor’' s Address 12

1. I nt roduction

MVPS det ects networ k- propagati ng anonal i es by nmeasuring the coherence
of an observed state across nmultiple spatially independent vantages.
Its theorens are surface-independent: they hold where the five MPS
axi ons hold, by the Architecture-Ilnvariance Theorem

[1-D. nel egassi -i ab-mvps-architecture].

Terrestrial depl oynents where the vantages MOVE -- fleets of
vehicles, trains, drones operating over cellular radio -- are common
and inportant, and they stress the timng assunptions differently
fromsea or space. On land the satellite sky is normally avail abl e,
so clock hol dover is not the issue; the issue is that a noving

vant age hands over between base stations and rides sl ot-based
schedul i ng, both of which perturb tinmng.

1.1. The Space/ Seal/lLand Trio
This profile is the I and nenber of the MVPS domain trio:
0 space: the orbital profile
[1-D. nel egassi-i ppm mvps-orbital -coherence], stressing propagation

del ay and Doppl er over LEO |li nks;

0o sea: the maritinme profile [I-D. el egassi-ippm nmvps-maritime-edge],
stressing intermttent connectivity and GNSS-deni ed hol dover;

o land: this docunent, stressing cellular handover and radi o-access
scheduling jitter.

Each re-establishes the sane axi om (Al) under its domain's specific
stress and inherits the rest.

1.2. Defensive Scope and Non-CGoal s

This profile is strictly DEFENSI VE: detection of anomalies in network



and timng telemetry (intrusion, conmrs tanpering, rogue base
stations).

Thi s docunent does NOT define and MJUST NOT be clained to define any
navi gati on, gui dance, targeting, or kinetic function, nor any output
ot her than coherence-anonmaly detection and audit |ogs.
Ter mi nol ogy
eps_sync: GNSS/ PTP residual at the base station.
eps_ta: timng-advance residual of the UE alignnent.
tau_jit: radio-access scheduling jitter (slot-based).
tau_ho: residual ms-tinmng during or after a handover.
T tick: the deploynent coherence tick.

Make- bef ore-break: a handover that keeps the source link until the
target is ready (NR DAPS), giving tau_ho near zero.

The key words "MJST", "MJST NOT", "SHOULD', "MAY" in this docunent
are to be interpreted as described in BCP 14 [ RFC2119] [ RFC3174]
when, and only when, they appear in all capitals.
The Cel | ul ar Joi nt- Skew Model
A CNSS-di sci plined base station holds tine to eps_sync; the UEis
aligned by Timng Advance to eps_ta. Slot-based scheduling bounds
delivery jitter by tau jit (5G nunmerology mu: slot =1 ms / 2"mu;
LTE about 1 ns). A handover adds a residual tau_ho, near zero for
make- bef ore- break and about the interruption time otherw se. The
effective joint skewis

skew eff = 2 * ( eps_sync + eps_ta ) + tau jit + tau ho .

Doppler is treated separately and shown doni nated in Section 6.

Re- establ i shing Axi om Al (Lemma L-TER-1)
Axi om Al holds on tick T tick iff

skew ef f = 2*(eps_sync+eps_ta) + tau jit + tau_ho < T_ tick.
For representative budgets:

5G uURLLC (DAPS): skew eff = 0.128 ns < 100 ns tick

LTE (break-before-make): skew eff = 33.0 ns < 1000 ns tick

hi gh-speed rail (300 kmih, frequent HO: 54.0 nms < 100 ns tick

Al satisfy Al (validator check L-TER-1).

Maxi mum Handover Interruption (Lemma L-TER-2)
Sol ving skew eff = T_ tick for the handover residual gives
tau_ho max = T tick - tau jit - 2*(eps_sync + eps_ta).
For the 5G uRLLC budget, tau ho max is about 99.87 nms at a 100 ns

tick. The practical reading is that the binding termon land is the
handover interruption; nake-before-break drives tau_ho toward zero,



10.

11.

so even sub-second ticks have anple margin.

Doppl er 1Is Dom nated (Lenma L- TER-4)

The tinme uncertainty contributed by Doppler over one tick is
(v/c)*T_tick. At v = 300 kmh, v/c = 2.78e-7, so over a 100 nms tick
the termis about 27.8 ns -- under 1% of the radi o-access jitter. It
is therefore absorbed and does not appear in the skew nodel
(validator check L-TER-4: 11.0 ns, 83.4 ns, 27.8 ns across the three
budget s) .

I nheritance of the Core Theorens

If Al holds (Section 4) and the conprom sed-vantage fraction f < 1/2,
then by the Architecture-Ilnvariance Theorem

[1-D. nel egassi -i ab-mvps-architecture] the core results inherit
verbatim

Tl mul ti-vantage D*2 dom nates per-vantage nax-z;

T2 Phi D concentration under the null

T3" enpirical-quantile false-alarmcalibration

T9 Byzanti ne robustness of the geonetric-nmedi an aggregator.

No core theoremis re-derived (validator check A-TER-INHERIT).

Byzanti ne and Spoof ed Vant ages

A vehicul ar fleet nust assune sone vantages are conprom sed or
spoofed. For f < 1/2 the geonetric-nedi an aggregator has finite
max- bias b(f) = Cf/(1-2f) (after [Mnsker]; MPS inported result
112), diverging only as f -> 1/2 (validator check B-TER-1:
b(0.2)=0.333, b(0.4)=2.000).

Rogue Base Stations (Conjecture C TER-1)

It is plausible that a coordinated rogue / fal se base-station cluster
(an I MBIl -catcher fleet) injects a rank-1ow, correl ated
timng/identity signature across nobile vantages that the

mul ti-vantage detector flags before any single UE alarns. This is
stated as a CONJECTURE, not a theorem wth a falsification protoco
(observabl e: cross-vantage correlated TA/ cell-identity anomaly vs
per- UE nax-z; data: fleet RAN neasurenent reports plus a controlled
fal se-base-station testhed; test: WIson 95% | ower bound on
detection-tinme gain > 0; blocker: licensed spectrumfor the testbed).
The profile’s guarantees do NOT depend on this conjecture.

Operational Loggi ng

Depl oyments SHOULD | og events using the MVPS operational |og format
[1-D. nel egassi - opsawg- nvps-1 oggi ng], anchoring opportunistically; the
handover and cell-change events are thensel ves useful audit records.

Nuneri cal Recei pt

scripts/validate terrestrial _nobile.py eval uates seven checks
(L-TER-1..4, A-TERINHERI T, B-TER-1, C TER-1) over the budgets above
and writes evidence/terrestrial _nobile receipt.json with per-scenario
skew and Doppl er val ues, the cl osed-form handover tolerance, the

i nherited theoremlist, the defensive non-clains, and a SHA-256 of
its own canonical body. Al seven checks PASS (exit 0).



12. Security Considerations

The profile is a detection and audit capability; no kinetic or
targeting surface is added. |Its value is early, coherent detection
of intrusion, coms tanpering, and radio-|layer attacks across a
mobile fleet, with a tanper-evident audit trail (Section 10).

Rogue-base-station detection is a conjecture (Section 9) and MJST NOT
be relied upon as a guarantee. Quantumera integrity of |logs and
anchors follows the Proof Envel ope

[1-D. nel egassi -i ppm mvps- proof - envel ope] .

13. | ANA Consi derations

Thi s docunent has no | ANA acti ons.
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Appendi x A, Wirked Budgets (Nornative)

The t hree budgets of Section 4 (5G uRLLC, LTE, high-speed rail) and
the infeasible control (150 nms handover at a 100 ms tick) are the
normative vectors. A conformant inplenentation MJST reproduce, for
each, the skew eff value and the Al verdict emtted by
scripts/validate terrestrial _nobile. py.
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