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Abst ract

Thi s docunent describes inplenmentati on of Passwordl ess aut hentication
in Wb Authentication (WbAut hn) using Mdul e-Lattice-Based Digital
Signature Standard (M.-DSA), a Post-Quantum Crypt ography (PQC)

digital signature schene defined in FIPS 204.
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1. Introduction

Thi s docunent describes how to use M.- DSA keys and signature as
described in [FIPS-204] with [ WbAut hn].

2. Term nol ogy

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

Sone exanples in this specification are truncated with " for

readability.
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3.

3.

4.

4.

Background on Post-Quantum Crypt ogr aphy

Thi s section describes a generic backround of Post-Quantum

Crypt ography, Wb Authenticati on and Phi shing Resistance. Post-
Quantum Cryptography is defined to be a set of cryptographic

al gorithms that are not vul nerable against a nalicious actor in
possession of a large scale Quantum Conputer. [FIPS-204] has
descri bed Mddul e-Lattice-Based Digital Signature Al gorithmwhich is
not vul nerable to attacks involving a | arge-scal e quantum conput er

1. WMdtivation for M-DSA i n WebAut hn

Wth the wi de range adopti on of phishing-resistant passwordl ess

aut henti cation standard |ike Security Keys, Passkeys and Device
attestation following the FIDO2 Specifications, the adopted

crypt ographi ¢ standards for authentication have been primarily ES256
(Elliptic Curve Digital Signature Al gorithmw th SHA-256) and RS256
(RSA with SHA-256) as defined in [FIPS-186-5]. Though nost

aut henti cators support other algorithms as well, the wi dely used
default algorithms- ES256 and RS256 are deened to be insecure agai nst
adversaries enpl oying | arge-scal e quantum comput ers.

Hence, the adoption of M.-DSA for WebAut hn woul d be necessary to
secure digital identities and accounts from such adversari es.

M.- DSA I ntegration in WebAut hn
This section describes the inplenentation of WebAuthn with M.- DSA.
1. M.-DSA Key Representation in COSE

[I-D.draft-ietf-cose-dilithium05] describes CBOR Object Signing and
Encryption (COSE) Serialization for M.-DSA. It is to be noted that
the COSE representation of only "Public key' or 'Verifying key' is
used in WebAuthn. Hence, the COSE Representation of private keys are
beyond t he scope of this docunent.

M.- DSA Sighature Schene is paraneterized to support different
security levels. In this docunent, the abbreviati ons of M.-DSA-44,
M.- DSA- 65 and M.- DSA-87 are used to refer to M.-DSA with the
paraneter choices given in Table 1 of FIPS-204.

Thi s docunent requests the registration of the M.-DSA algorithnms in
[ ANA. cose] as nentioned in [I-D.draft-ietf-cose-dilithiumO05] as
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| Nare | val ue | Description |
[ el ey ooy o}
| M.-DSA-44 | TBD (requested | CBOR Object Signing |
| | assignnent -48) | Algorithmfor M.-DSA-44 |
S oo Fom oo +

| M.-DSA-65 | TBD (requested | CBOR nhject Signing |
| assignnent -49) | Algorithmfor M.-DSA-65 |

| M.-DSA-87 | TBD (requested | CBOR Object Signing |
| assignnent -50) | Algorithmfor M.-DSA-87 |

Table 1: COSE al gorithns for M.- DSA

In accordance with the Al gorithm Key Paid Type section of
[I-D.draft-ietf-cose-dilithium05], when present in AKP Keys, the
"pub" paranmeter has the follow ng constraints:

The "pub" paraneter is the M.-DSA public key, as described in
Section 5.3 of FIPS-204.

The size of "pub", and the associated signature for each of these
algorithnms is defined in Table 2 of FIPS-204, and repeated here for
conveni ence:

B ety oo s s e st
| Algorithm| Private Key | Public Key | Signature Size |
[ ety Sl ety s —_—— Lo —p—p——(————————
| M.-DSA-44 | 2560 | 1312 | 2420 |
I I i I S I A ] +
| M.-DSA-65 | 4032 | 1952 | 3309 |
F--- - - - F-- - - - - - R I i T +
| M.-DSA-87 | 4896 | 2592 | 4627 |
I L i I I I T +

Table 2: Sizes (in bytes) of keys and signatures of
M- DSA

These algorithns are used to produce signhatures as described in
Al gorithm 2 of FIPS-204.

Signatures are encoded as bytestrings using the algorithnms defined in
Section 7.2 of FIPS-204.
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4.2. Signature Generation and Verification

Signature generation is done in accordance with Section 5.2 of FIPS-
204. Signature Verification is done in accordance with Section 5.3
of FI PS-204.

If small keys or signature is needed, M-DSA might not be the idea
option. Furthernore, in usage scenarios expecting sw fter
processi ng, M.-DSA-87 m ght not be the best option. Therefore, using
M.- DSA- 44 and M.- DSA- 65 with WebAut hn is advi sed.

5. Aut henti cator Behavi or

Thi s section describes how an authenticator, roam ng or platform
woul d i npl enent M- DSA.

The aut henticator MJST have a secure storage for storing
crypt ographi c secrets which SHOULD NOT be able to export the secrets
in an unaut hori zed manner.

5.1. Credential Creation
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. +
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| RP Server
I I I I
I I
- - + e
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I I
I
I I
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I
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I
I I
I
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I
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I +
I

e + (Chal | enge) |
I

| Generate | |
I

| Keypair | |
I

I I I
I

I I I
I

I I I
I

T >| |
I

I I
I

. + |

| Sign challenge | |
I

I I I
I

. >| |
I
I I
| .
| Assertion Response |
I
e~ >|
I
| (Signed Chall enge) | Assertion
I
| SIS
_______ >|
I I
I
I I
o e e e o - +
o |
|  Verify |
I I
I I
I I
I I
I I
I I
I I
I I
I I
I e T +



|
| Save public key

Mtra, et al.

Expi res 24 Septenber 2026

Aut henti cation response

[ Page 6]



Internet-Draft m - dsa- webaut hn March 2026

[ WebAut hn] defines the credential creation API. This APl takes a
public key credential creation object, containing a cryptographic
chal l enge, the Relying Party ID (RP ID), User details, and public key
credential parameters. The public key credential paranmeters define
the accepted al gorithns.

An exampl e of public key credential creation object is:

chal | enge: new Uint8Array([215, 150, 119, 213, 215, 247, 188, 15, 142, 10, 53, 135, 17
205, 130, 133, 158, 32, 113, 0O, 62, 67, 112, 191, 123, 180, 224, 151, 233, 114, 68, 225]

)1
rp: { id: "exanple.con, name: "Exanple Corporation" },
user: {
id: new U nt8Array([79, 252, 83, 72, 214, 7, 89, 26]),
nane: "johndoe",
di spl ayNane: "John Doe",
}1
pubKeyCredParanms: [{ type: "public-key", alg: -7}, { type: "public-key", alg: -49 }],
}

The web application invokes the Navi gator.credentials.create()
function with the Public Key Credential Creation Cbject. The client
web browser, or an application invokes the authenticator APl defined
in [CTAP]. The public key credential creation object is CBOR encoded
and sent to the authenticator device over a chosen transport nethod
whi ch includes but is not limted to USB H D, BLE and NFC

An exanpl e of CBOR Encoded Public Key Credential Creation object is:

h' A50158201637B26333915747DBDC6C63000165405A64939AE8BF6E4FC39414F853F702F1602A2626964696C6
F63616C686F7374646E616D656B44656D6F2073657276657203A3626964504EC1D4219F294FB4A0BCOCD29D48
SAFC646E616D6566615F757365726B646973706C61794E616D6567412E20557365720481A263616C67382F647

47970656A7075626C69632D6B657907A1627576F5’

The aut henticator MJST verify whether any credential nentioned in the
list of "excludeCredentials" in the public key credential creation
object is already present on the authenticator, and in such cases it
will return the error code in accordance with [CTAP]. Further

aut henticator MUST performall additional checks involving

aut henticator PIN, User presence, user verification etc in accordance
with Section 5.1 of CTAP.

The aut henti cator generates M.-DSA keypair in accordance with
Section 5.1 of FIPS 204 and uni que Key ID. The public key is COSE
encoded following [I-D.draft-ietf-cose-dilithiumO05] and is a part of
the attestedCredenti al Dat a.
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After passing all checks in accordance with section 5.1 of CTAP, the
aut henti cator SHOULD create the attestation statenent. The authData
is created in accordance wi th WebAut hn and CTAP specifications and
the clientDataHash is appended to it. This is signed with the
private key of the generated keypair. The attestation statement is
generated in accordance with CTAP and WebAut hn.

The M.-DSA private key is to be stored in accordance with the
"Storage security and Key managenent” section of this docunent.

The attestation statenent is encoded in CBOR and returned to the
client application via the sane transport nethod.

5.2. Authentication Flow
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[ WebAut hn] defines the credential request API. This APl takes a
public key credential request object, containing a cryptographic
chal l enge, the Relying Party ID (RP ID) and optionally a |list of
all owed credenti al s.
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An exanpl e of public key credential request object is:

chal | enge: new Uint8Array([215, 150, 119, 213, 215, 247, 188, 15, 142, 10, 53, 135, 17,
205, 130, 133, 158, 32, 113, O, 62, 67, 112, 191, 123, 180, 224, 151, 233, 114, 68, 225]
)

}

r pld: "exanple.con,

The web application invokes the Navigator.credentials.get() function
with the Public Key Credential Request Cbject. The client web
browser, or an application invokes the authenticator APl defined in
[CTAP]. The public key credential request object is CBOR encoded and
sent to the authenticator device over a chosen transport method which
includes but is not limted to USB H D, BLE and NFC.

If alist of allowedCredentials is present, the authenticator nust

di scover credentials bound to the same RP ID which is present in the
list. |If no such credential is present, it will return the error
code in accordance with [CTAP]. Further authenticator MJST perform
al | additional checks involving authenticator PIN, User presence,
user verification etc in accordance with Section 5.2 of CTAP.

The authenticator, on discovering a suitable credential for

aut henti cati on SHOULD verify the algorithm If it is not M-DSA the
aut henti cator SHALL behave in accordance with the "Backward
Conpatibility Considerations” section of this docunent.

The credential is retrieved in accordance with the "Storage security
and Key managenent" section of this document.

After passing all checks in accordance with section 5.2 of CTAP, the
aut henti cator SHOULD create the assertion statenment. The authData is
created in accordance with WebAut hn and CTAP specifications and the
clientDataHash is appended to it. This is signed with the decrypted
M.- DSA private key. The assertion response is generated in
accordance with CTAP and WebAut hn.

The assertion response is encoded in CBOR and returned to the client
application via the sane transport nethod.

Al menory addresses used to handle the M.-DSA private key is
i medi ately zeroi zed.

The aut henti cator get Next Assertion() function specification is to be
simlarly inplemented in accordance with [ CTAP].
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5.3. Backward Conpatibility Consideration

The aut henti cator SHOULD choose the algorithmto be used in
accordance with CTAP, and hence not choose M.-DSA i f not supported by
t he RP.

6. Cient and Pl atf orm Consi derati ons

Thi s section describes the considerations about the dient and
Pl at f orm

6.1. COSE Al gorithm Support in WebAuthn Cients

The CTAP inplenentations on client, for exanple Wndows Hello for

M crosoft W ndows based systens, iC oud Keychain for Apple systens,
Googl e Password Manager, Dashl ane, OnePassword and ot her browser
based inplenentations for Linux SHOULD have support for M.- DSA

Al gorithms in accordance with COSE. Further, Platform Authenticators
for such devices are RECOWENDED to have support for M.-DSA Key
Generation and signing in accordance with this docunent.

6.2. Handling | arge signatures and keys

It is considered that the chosen transport nethods including but not
limted to USB H D, BLE and NFC are able to perform exchanges of the
CBOR encoded data which may be often over 2000 bytes. The use of
attestion certificates may increase the | ength even nore.

6.3. FError Handling and Fal | back nechani snms

In case of errors involving M-DSA key generation and signing, the
aut henticator may fallback to using ES256 or RS256 algoritms. In
case of errors involving communi cation with the client, the

aut henticator may handle it in accordance with [ CTAP].

7. Attestation Considerations

Usi ng Post Quantum Crptography for creating attestation certificates
for credentials inmplies the presence of additional M-DSA signatures
and public keys in the x.509 certificate, depending upon the
attestation format, defined in the [ WebAuthn] flow. A second M-
DSA-44 Sighature size is around 2420 bytes and a public key is around
1312 bytes, and bigger for others. On the other hand, [CTAP] using a
7-bit sequence continuation packet nunbers for CTAP-H D constrains it
to have a maxi num of 129 franmes only. CTAP-H D frame can be of size
64 bytes at max. A nakeCredential response with a valid attestation
certificate woul d contain atleast 1312+2420+1312+2420=7464 bytes.
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The first frame has 7 bytes of header (4 byte channel identifier, 1
byte CVMD, 2 bytes BCNT), while continuation frames have 5 bytes of
header (4 bytes of channel identifier, 1 byte of sequence nunber).

Further, the first frame will have one byte of status code. The
makeCredential response will contain the authData. This further
contains 32 bytes of RP ID Hash, 1 byte of flags, 4 bytes of sign
count and variable length attestedCredential data. The
attestedCredential data further contains 16 bytes of AAGU D, 2 bytes
of credential IDIlength. The credential IDis to be atleast 16
bytes, followed by the public key.

This covers a total of 8182 bytes, leaving only 74 bytes for CBOR
encodi ng, and the full x.509 certificate, including fields like the
version, subjects, certificate chain and so on. Further, when other
algorithms |ike M.-DSA-65 or higher is used, the available bytes in
CTAP-H D woul d not suffice for the attestation certificate.

7.1. WebAut hn Consi derati ons

Due to the attestation certificate size limtations, Wb
Aut hentication standard is requested to recognize an attestation
format 'm ninmal .

The syntax of Mninmal Attestation is defined by:

$Patt Stmt Type //= (
fmt: "mniml",
attStnt: m ni mal St nt For nat,
)

m ni mal St nt Format = {
al g: COSEAl gorithm dentifier,
keyi d: bytes,
sig: bytes,
}

sig here is a signature over the authenticatorData and
client Dat aHash. The aut henticator produces the sig by concatenating
aut henti catorData and client Dat aHash, and signing the result using an
attestation private key selected through an authenticator-specific
mechani sm

keyid is an Identifier that identifies the key used to sign. It is a
16- byte unique identifier
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7.1.1. Verification and FI DO MDS Dat abase Consi der ati ons

The FI DO MDS dat abase is requested to maintain the set of Public Key/
Verifying key certificates, identifiable by the AAGU D and the Keyld
together. The RP may verify the attestation signature with the
public key identified by the AAGUI D and Keyl D fromthe FI DO MDS

dat abase. Enterprise based inplenentations or inplenentations
requiring self-attestation without FIDO MDS database MAY nai ntain
their on keystores instead of the FIDO MDS dat abase.

8. Security Considerations

The security considerations of [RFCO053] applies to this
specification as well.

A detailed security analysis of M.-DSA is beyond the scope of this
specification, see [FIPS-204] for additional details.

8.1. Resistance to Quantum Attacks
See [FIPS-204] for details on resistance to quantum attacks.
8.2. Storage security and Key nmanagenent

It is to be noted that at the time of witing this draft, there is no
sui tabl e hardware security nodule (HSM, trusted platform nodul e
(TPM, Secure Elenent (SE), Trusted Execution Environment (TEE) with
native support for M.-DSA. Hence, secure credential storage is a
chal  enge. To overcone the sane, the M.- DSA keys, also referred to
as credentials, MJST be encrypted with Advanced Ecnryption Standard
(AES), which is a Post Quantum Symretric encryption algorithmin

Gal osi s Counter Mbde (GCM with 256-bit keys.

The AES Keys MJST be generated and stored in secure storage, which
may include a HSM TPM SE or TEE. The M.- DSA Keys may be generated
on the standard conputing environnent, outside the secure storage.
The M.-DSA Credential MJST be encrypted by AES as descri bed above
before being witten to the Flash menory or Disk. Conversely, the
same MJST be decrypted by AES in the secure storage before being
used.

Any menory | ocation, pointer or heap that has been used to handl e the
M.- DSA Credentials MJST be zeroized imediately after the operation
is perforned.

This section is to be updated when suitable secure storage nodul es
supporting M.- DSA becones wi dely avail abl e.
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8.3. Inplenmentation Best Practices

If the anmbunt of space in the secure storage permts, each M- DSA
Private key is RECOMVENDED to be encrypted wi th uni que AES keys. *
Prior to storage, each M.-DSA private key is to be encrypted

i ndependently using a distinct AES encryption key. * To guarantee
robust encryption, the AES key size nust be at |east AES-256. * To
avoi d unwant ed access, encrypted keys ought to be kept in Hardware
Security Mdul es (HSMs), Secure Elenments (SEs), or Trusted Platform
Modul es (TPMs). * NI ST SP 800-57 reconmmendati ons shoul d be foll owed
by key nmanagenment to provide secure AES key |ifecycle nmanagenent
(creation, storage, rotation, and disposal). * Only in a trusted
execution environnment (TEE) or secure enclave should the private key
be decrypted in order to avoid menory | eakage.

9. | ANA Consi derations
9.1. Additions to Existing Registries

Thi s docunent requests the registration of the M.-DSA entries to the
COSE Al gorithm Registry as nentioned in
[I-D.draft-ietf-cose-dilithium05].

10. References
10. 1. Nor mat i ve Ref erences

[I-D.draft-ietf-cose-dilithium05]
Prorock, M, Steele, O, Msoczki, R, Gsborne, M, and C
Cl oostermans, "M.-DSA for JOSE and COSE', Work in
Progress, Internet-Draft, draft-ietf-cose-dilithiumO05, 18
Decenber 2024, <https://datatracker.ietf.org/doc/htm/
draft-ietf-cose-dilithium05>.

[ 1 ANA. cose]
I ANA, "CBOR bj ect Signing and Encryption (COSE)",
<https://wwv. i ana. or g/ assi gnnent s/ cose>.

[ RFC2119] Bradner, S., "Key words for use in RFCs to Indicate
Requi renment Level s", BCP 14, RFC 2119,
DO 10.17487/ RFC2119, March 1997,
<https://ww. rfc-editor.org/rfc/rfc2119>.

[ RFC8174] Leiba, B., "Anmbiguity of Uppercase vs Lowercase in RFC

2119 Key Words", BCP 14, RFC 8174, DO 10.17487/ RFC8174,
May 2017, <https://ww.rfc-editor.org/rfc/rfc8174>.

Mtra, et al. Expi res 24 Septenber 2026 [ Page 14]



Internet-Draft m - dsa- webaut hn March 2026

10.

[ RFCO053] Schaad, J., "CBOR Ohject Signing and Encryption (COSE):
Initial Algorithns", RFC 9053, DO 10.17487/ RFC9053,
August 2022, <https://ww. rfc-editor.org/rfc/rfc9053>.

[ RFC9679] |Isobe, K., Tschofenig, H, and O Steele, "CBOR Object
Si gni ng and Encryption (COSE) Key Thunbprint", RFC 9679,
DO 10.17487/ RFC9679, Decenber 2024,
<https://www. rfc-editor.org/rfc/rfc9679>.

2. Informative References

[ CTAP] "Client To Authenticator Protocol (CTAP)", n.d.,
<https://fidoalliance. org/specs/fido-v2.0-id-20180227/
fido-client-to-authenticator-protocol-v2.0-id-
20180227. ht m >.

[ FI PS-186- 5]

"Digital Signature Standard (DSS)", n.d.,
<https://doi.org/10. 6028/ Nl ST. FI PS. 186- 5>.

[ FI PS-204] "Mbdul e-Lattice-Based Digital Signhature Standard", n.d.,
<https://doi.org/10. 6028/ NI ST. FI PS. 204>.

[I-D.draft-ietf-cose-key-thunbprint]
I sobe, K., Tschofenig, H, and O Steele, "CBOR hject
Si gning and Encryption (COSE) Key Thunmbprint", Work in
Progress, Internet-Draft, draft-ietf-cose-key-thunbprint-
06, 6 Septenber 2024,
<https://datatracker.ietf.org/doc/htm/draft-ietf-cose-
key-t hunbprint - 06>.

[I-D.draft-ietf-lanps-dilithiumcertificates]
Massi no, J., Kanpanakis, P., Turner, S., and B.
West erbaan, "Internet X 509 Public Key Infrastructure -
Algorithmldentifiers for the Mddul e-Lattice-Based Digital
Signature Algorithm (M.-DSA)", Wrk in Progress, Internet-
Draft, draft-ietf-lanps-dilithiumcertificates-13, 30
Sept enber 2025, <https://datatracker.ietf.org/doc/htm/
draft-ietf-lanps-dilithiumcertificates-13>.

[ SP-500- 57]
"Audit and Eval uation of Conputer Security Il: System
Vul nerabilities and Controls", n.d.,
<https://doi.org/10. 6028/ NBS. SP. 500- 57>.

[ WebAut hn] "Web Aut hentication: An APl for accessing Public Key
Credential s", n.d., <https://ww. w3.org/ TR webaut hn- 2>,

Mtra, et al. Expi res 24 Septenber 2026 [ Page 15]



Internet-Draft m - dsa- webaut hn March 2026

Acknowl edgrent s

We express our sincere gratitude to Dr. S. V. Kota Reddy, Vice
Chancel lor, VIT-AP University, for his unwavering support and

encour agenent throughout this research. W also extend our heartfelt
thanks to Dr. Jagadi sh Chandra Mudi ganti, Registrar, VIT-AP
University, for facilitating a conducive research environment. CQur
appreci ation goes to Dr. Hari Seetha, Director, Centre of Excellence,
Artificial Intelligence and Robotics (AIR), VIT-AP University, for
her inval uabl e gui dance and insightful discussions that significantly
contributed to this work.

We al so acknow edge | ndomi nus Labs Private Linmted and Digital
Fortress Private Limted for their generous support, which played a
crucial role in the successful execution of this research.

Aut hors’ Addr esses

Aditya Mtra
VI T- AP Uni versity
Emai | : adityam tra5102@mai |l . com

Si bi S. Chakkaravart hy
VI T- AP Uni versity
Emai | : chakkaravarthy. sibi @itap.ac.in

Ani sha Ghosh
VI T- AP Uni versity
Emai | : ghoshani sha2002@nui | . com

Devi Priya VS
VI T- AP Uni versity
Emai | : priya.21phd7042@itap.ac.in

Mtra, et al. Expi res 24 Septenber 2026 [ Page 16]



