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[bookmark: foreword][bookmark: _Toc131626283]Foreword
[bookmark: spectype3]This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
[bookmark: introduction]The constructions "is" and "is not" do not indicate requirements.
[bookmark: scope][bookmark: _Toc131626284]
1	Scope
Editor’s Note:	This clause will provide the scope of the specification.
The present document specifies the protocols for aircraft-to-everything (A2X) communication as specified in 3GPP TS 23.256 [3] for A2X services among the UEs over the PC5 interface.
Editor’s Note:	A description for direct C2 communication will be added once stage-2 requirement is clarified, i.e., whether it is a kind of A2X services or a dedicated service using A2X communication over PC5
[bookmark: references][bookmark: _Toc131626285]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 23.122: "Non-Access-Stratum (NAS) functions related to Mobile Station (MS) in idle mode".
[3]	3GPP TS 23.256: "Support of Uncrewed Aerial Systems (UAS) connectivity, identification and tracking; Stage 2"
[4]	3GPP TS 23.285: "Architecture enhancements for V2X services".
[5]	3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services); Stage 2".
[6]	3GPP TS 24.301: "Non-Access-Stratum (NAS) protocol for Evolved Packet System (EPS); Stage 3".
[7]	3GPP TS 24.501: " Non-Access-Stratum (NAS) protocol for 5G System (5GS); Stage 3"
[8]	3GPP TS 24.578: "Aircraft-to-Everything (A2X) services in 5G System (5GS); UE policies".
[9]	3GPP TS 24.587: "Vehicle-to-Everything (V2X) services in 5G System (5GS); Protocol aspects; Stage 3”.
[10]	3GPP TS 33.256: "Security aspects of Uncrewed Aerial Systems (UAS)".
[11]	3GPP TS 36.331: "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification".
[12]	3GPP TS 38.300: "NR; NR and NG-RAN Overall Description; Stage 2".
[13]	3GPP TS 38.304: "User Equipment (UE) procedures in Idle mode and RRC Inactive state".
[14]	3GPP TS 38.323: "NR; Packet Data Convergence Protocol (PDCP) specification".
[15]	3GPP TS 38.331: "NR; Radio Resource Control (RRC) protocol specification".
[16]	IETF RFC 4862: "Neighbor Discovery for IP version 6 (IPv6)".
[17]	ASTM F3411.19: "Standard Specification for Remote ID and Tracking".
[18]	ASD-STAN prEN 4709-002:2022-03: "Aerospace series - Unmanned Aircraft Systems - Part 002: Direct Remote Identification".
[bookmark: definitions][bookmark: _Toc131626286]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc131626287]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
E-UTRA-PC5: PC5 reference point over E-UTRA. The term E-UTRA-PC5 used in the present document corresponds to the term LTE PC5 defined in 3GPP TS 23.256 [3].
NR-PC5: PC5 reference point over NR. The term NR-PC5 used in the present document corresponds to the term NR PC5 defined in 3GPP TS 23.256 [3].
For the purposes of the present document, the following terms and definitions given in 3GPP TS 23.256 [3] apply:
A2X communication
A2X message
A2X service
[bookmark: _Toc131626289]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
For the purposes of the present document, the following terms and definitions given in 3GPP TS 23.256 [3] apply:
A2X	Aircraft-to-everything
[bookmark: clause4][bookmark: _Toc131626290]4	General description
Editor’s Note:	This clause will provide description of A2X services from stage 3 perspective.
The present specification defines means for transport of A2X messages. 
The A2X messages are generated and consumed by upper layers of the UE e.g., A2X application. A2X message can contain IP data or non-IP data. For IP data, only IPv6 is used. IPv4 is not supported in this release of specification.
The A2X message can be transported using A2X communication over PC5. A2X communication over PC5 supports both broadcast mode and unicast mode. Groupcast mode over PC5 and relay communication over PC5 is not supported in this release of specification.
[bookmark: _Hlk132722611]Editor’s Note:	A description for direct C2 communication will be added once stage-2 requirement is clarified, i.e., whether it is a kind of A2X services or a dedicated service using A2X communication over PC5.
[bookmark: _Toc131626291]5	Provisioning of parameters for A2X configuration
[bookmark: _Toc131626292]5.1	General
Editor’s Note:	This clause will provide description of provisioning of A2X configuration.
A2X communication is configured using A2X configuration parameters and related procedures which allow configuration of necessary A2X configuration parameters.
[bookmark: _Toc131626293]5.2	Configuration and precedence of A2X configuration parameters
Editor’s Note:	This clause will provide description of A2X configuration precedence and parameters.
[bookmark: _Toc22039954][bookmark: _Toc25070663][bookmark: _Toc34388578][bookmark: _Toc34404349][bookmark: _Toc45282177][bookmark: _Toc45882563][bookmark: _Toc51951113][bookmark: _Toc59208867][bookmark: _Toc75734705][bookmark: _Toc131184589][bookmark: _Toc131626294]5.2.1	General
UE's usage of A2X communication is controlled by A2X configuration parameters.
The A2X configuration parameters consist of the configuration parameters for A2X communication over PC5.
[bookmark: _Toc22039955][bookmark: _Toc25070664][bookmark: _Toc34388579][bookmark: _Toc34404350][bookmark: _Toc45282178][bookmark: _Toc45882564][bookmark: _Toc51951114][bookmark: _Toc59208868][bookmark: _Toc75734706][bookmark: _Toc131184590][bookmark: _Toc131626295]5.2.2	Precedence of A2X configuration parameters
The A2X configuration parameters can be:
a)	pre-configured in the ME;
b)	configured in the UICC;
c)	provided as a A2XP using the UE policy delivery service as specified in 3GPP TS 24.501 [7] annex D; 
d)	provided by a A2X application server via A2X1 reference point; or
e)	a combination of case a), b), c) or d) above.
The UE shall use the A2X configuration parameters in the following order of decreasing precedence:
a)	the A2X configuration parameters provided as a A2XP using the UE policy delivery service as specified in annex D of 3GPP TS 24.501 [7];
b)	the A2X configuration parameters provided by a A2X application server via A2X1 reference point;
c)	the A2X configuration parameters configured in the UICC; and
d)	the A2X configuration parameters pre-configured in the ME.
[bookmark: _Toc22039956][bookmark: _Toc25070665][bookmark: _Toc34388580][bookmark: _Toc34404351][bookmark: _Toc45282179][bookmark: _Toc45882565][bookmark: _Toc51951115][bookmark: _Toc59208869][bookmark: _Toc75734707][bookmark: _Toc131184591][bookmark: _Toc131626296]5.2.3	Configuration parameters for A2X communication over PC5
The configuration parameters for A2X communication over PC5 consist of:
a)	a validity timer for the validity of the configuration parameters for A2X communication over PC5;
b)	a list of PLMNs and RATs in which the UE is authorized to use A2X communication over PC5 when the UE is served by E-UTRA or served by NR. Each entry of the list contains a PLMN ID and RATs in which the UE is authorized to use A2X communication over PC5;
c)	an indication of whether the UE is authorized to use A2X communication over PC5 when the UE is not served by E-UTRA and not served by NR;
d)	list of RATs in which the UE is authorized to use A2X communication over PC5 and the radio parameters of the RAT for A2X communication over PC5 applicable per altitude range per geographical area with an indication of whether these radio parameters of the RAT are "operator managed" or "non-operator managed" when the UE is not served by E-UTRA and not served by NR;
e)	optionally, a list of A2X service identifier to PC5 RAT(s) and Tx profiles mapping rules. Each mapping rule contains one or more A2X service identifiers, PC5 RAT(s) and:
1)	if the PC5 RAT(s) include E-UTRA-PC5, Tx profiles corresponding to the E-UTRA-PC5;
2)	if the PC5 RAT(s) include NR-PC5, NR Tx profile corresponding to the NR-PC5 for broadcast mode A2X communication over PC5; or
3)	if the PC5 RAT(s) include NR-PC5, NR Tx profile corresponding to transmitting and receiving initial signalling of the A2X PC5 unicast link establishment;
f)	configuration parameters for privacy support, consisting of:
1)	a list of A2X services requiring privacy. Each entry of the list contains one or more A2X service identifiers and one or more geographical areas where the privacy is required; and
2)	a privacy timer value as specified in 3GPP TS 24.578 [8] clause 5.3;
g)	configuration parameters for a A2X communication over PC5 in E-UTRA-PC5, consisting of:
1)	a list of A2X service identifier to destination layer-2 ID mapping rules. Each mapping rule contains one or more A2X service identifiers and the destination layer-2 ID;
2)	optionally, a default destination layer-2 ID;
3)	a list of PPPP to PDB mapping rules. Each mapping rule contains a ProSe Per-Packet Priority (PPPP) and a Packet Delay Budget (PDB);
4)	optionally, list of A2X service identifier to A2X E-UTRA frequency mapping rules. Each mapping rule contains one or more A2X service identifiers and the A2X E-UTRA frequencies with associated altitude ranges and geographical areas;
5)	optionally, a list of the A2X services authorized for ProSe Per-Packet Reliability (PPPR). Each entry of the list contains one or more A2X service identifiers and a ProSe Per-Packet Reliability (PPPR) value; and
h)	configuration parameters for a A2X communication over PC5 in NR-PC5, consisting of:
1)	optionally, a list of A2X service identifier to A2X NR frequency mapping rules. Each mapping rule contains one or more A2X service identifiers and the A2X NR frequencies with associated altitude ranges and geographical areas;
2)	a list of A2X service identifier to destination layer-2 ID for broadcast mapping rules. Each mapping rule contains one or more A2X service identifiers and the destination layer-2 ID for broadcast;
3)	optionally, a default destination layer-2 ID for broadcast;
4)	a list of A2X service identifier to default destination layer-2 ID for unicast initial signalling mapping rules. Each mapping rule contains one or more A2X service identifiers and the default destination layer-2 ID for initial signalling to establish unicast connection;
5)	a list of A2X service identifier to PC5 QoS parameters mapping rules. The PC5 QoS parameters are specified in clause 5.4.2 of 3GPP TS 23.287 [5];
6)	an AS configuration, including a list of SLRB mapping rules applicable when the UE is not served by E-UTRA and is not served by NR. Each SLRB mapping rule contains a PC5 QoS profile and an SLRB. The PC5 QoS profile contains the following parameters:
i)	the PC5 QoS profile contains a PQI;
ii)	if the PQI of the PC5 QoS profile identifies a GBR QoS, the PC5 QoS profile contains a PC5 flow bit rates consisting of a guaranteed flow bit rate (GFBR) and a maximum flow bit rate (MFBR);
iii)	if the PQI of the PC5 QoS profile identifies a non-GBR QoS, the PC5 QoS profile contains the PC5 link aggregated bit rate consisting of a per link aggregate maximum bit rate (PC5 LINK-AMBR); and
NOTE 1:	PC5 link aggregated bit rate is only used for unicast mode communications over PC5.
iv)	the PC5 QoS profile can contain the priority level, the averaging window, and the maximum data burst volume. If one or more of the priority level, the averaging window or the maximum data burst volume are not contained in the PC5 QoS profile, their default values apply;
7)	a list of NR-PC5 unicast security policies. Each entry in the list contains an NR-PC5 unicast security policy composed of:
i)	one or more A2X service identifiers;
ii)	the signalling integrity protection policy for the A2X service identifier(s);
iii)	the signalling ciphering policy for the A2X service identifier(s);
iv)	the user plane integrity protection policy for the A2X service identifier(s);
v)	the user plane ciphering policy for the A2X service identifier(s); and
vi)	one or more geographical areas where the NR-PC5 unicast security policy applies;
8)	a list of A2X service identifier to default mode of communication mapping rules. Each mapping rule contains one or more A2X service identifiers and the default mode of communication (one of unicast or broadcast); and
9)	for broadcast mode and initial signalling of the A2X PC5 unicast link establishment, PC5 DRX configurations (see 3GPP TS 38.331 [15]), including the mapping of PC5 QoS profile(s) to PC5 DRX cycle(s) and the default PC5 DRX configuration, when the UE is not served by E-UTRA and not served by NR.
[bookmark: _Toc131626297]5.2.4	Configuration parameters for broadcast remote ID (BRID)
[bookmark: _Toc131626298]5.2.5	Configuration parameters for direct detect and avoid (DDAA)
[bookmark: _Toc131626299]5.2.6	Configuration parameters for direct C2 communication over PC5
[bookmark: _Toc131626300]5.3	Procedures
Editor’s Note:	This clause will provide procedures to provision A2X configuration parameter
[bookmark: _Toc533170250][bookmark: _Toc22039959][bookmark: _Toc25070668][bookmark: _Toc34388583][bookmark: _Toc34404354][bookmark: _Toc45282182][bookmark: _Toc45882568][bookmark: _Toc51951118][bookmark: _Toc59208872][bookmark: _Toc75734710][bookmark: _Toc123627777][bookmark: _Toc533170253]5.3.1	General
The procedure for provisioning of parameters for A2X configuration allows the UE to obtain information necessary for A2X communication.
[bookmark: _Toc22039960][bookmark: _Toc25070669][bookmark: _Toc34388584][bookmark: _Toc34404355][bookmark: _Toc45282183][bookmark: _Toc45882569][bookmark: _Toc51951119][bookmark: _Toc59208873][bookmark: _Toc75734711][bookmark: _Toc123627778]5.3.2	UE-requested A2X policy provisioning procedure
[bookmark: _Toc22039961][bookmark: _Toc25070670][bookmark: _Toc34388585][bookmark: _Toc34404356][bookmark: _Toc45282184][bookmark: _Toc45882570][bookmark: _Toc51951120][bookmark: _Toc59208874][bookmark: _Toc75734712][bookmark: _Toc123627779]5.3.2.1	General
[bookmark: _Toc533170254][bookmark: _Toc22039962][bookmark: _Toc25070671][bookmark: _Toc34388586][bookmark: _Toc34404357][bookmark: _Toc45282185][bookmark: _Toc45882571][bookmark: _Toc51951121][bookmark: _Toc59208875][bookmark: _Toc75734713]The UE-requested A2X policy provisioning procedure enables the UE to request A2X policy from the PCF in the following cases:
a)	if the Tklmn for a UE policy for A2X communication over PC5 expires; or
b)	if there are no valid configuration parameters, e.g., for the current area, or due to abnormal situation.
The UE shall follow the principles of PTI handling for UE policy delivery service procedures defined in 3GPP TS 24.501 [7] clause D.1.2.
[bookmark: _Toc123627780]5.3.2.2	UE-requested A2X policy provisioning procedure initiation
In order to initiate the UE-requested A2X policy provisioning procedure, the UE shall create a UE POLICY PROVISIONING REQUEST message (see example in figure 5.3.2.2.1). The UE:
a)	shall allocate a PTI value currently not used and set the PTI IE to the allocated PTI value;
b)	shall include the Requested UE policies IE indicating whether the UE policies for A2X communication over PC5 is requested;
c)	shall transport the UE POLICY PROVISIONING REQUEST message using the NAS transport procedure as specified in 3GPP TS 24.501 [7] clause 5.4.5; and
[bookmark: _Toc533170255]d)	shall start timer T5040.


[bookmark: _Toc22039963][bookmark: _Toc25070672][bookmark: _Toc34388587][bookmark: _Toc34404358]Figure 5.3.2.2.1: UE-requested A2X policy provisioning procedure
[bookmark: _Toc45282186][bookmark: _Toc45882572][bookmark: _Toc51951122][bookmark: _Toc59208876][bookmark: _Toc75734714][bookmark: _Toc123627781]5.3.2.3	UE-requested A2X policy provisioning procedure accepted by the network
[bookmark: _Toc533170256][bookmark: _Toc22039964][bookmark: _Toc25070673][bookmark: _Toc34388588][bookmark: _Toc34404359][bookmark: _Toc45282187][bookmark: _Toc45882573][bookmark: _Toc51951123][bookmark: _Toc59208877][bookmark: _Toc75734715][bookmark: _Toc20233348]Handling in 3GPP TS 24.587 [9] clause 5.3.2.3 shall apply.
If new UE policies for A2X are included in the MANAGE UE POLICY COMMAND message, the UE shall stop timer Tklmn if it is running and start timer Tklmn with the value included in the UE policies for A2X, and start using the new UE policies for A2X included in the MANAGE UE POLICY COMMAND message.
[bookmark: _Toc123627782]5.3.2.4	UE-requested A2X policy provisioning procedure not accepted by the network
Handling in 3GPP TS 24.587 [9] clause 5.3.2.4 shall apply.
[bookmark: _Toc22039965][bookmark: _Toc25070674][bookmark: _Toc34388589][bookmark: _Toc34404360][bookmark: _Toc45282188][bookmark: _Toc45882574][bookmark: _Toc51951124][bookmark: _Toc59208878][bookmark: _Toc75734716][bookmark: _Toc123627783]5.3.2.5	Abnormal cases on the network side
[bookmark: _Toc25070675][bookmark: _Toc34388590][bookmark: _Toc34404361][bookmark: _Toc45282189][bookmark: _Toc45882575][bookmark: _Toc51951125][bookmark: _Toc59208879][bookmark: _Toc75734717][bookmark: _Toc123627784]Handling in 3GPP TS 24.587 [9] clause 5.3.2.5 shall apply.
5.3.2.6	Abnormal cases on the UE
[bookmark: _Toc59209151][bookmark: _Toc59208880][bookmark: _Toc51951126][bookmark: _Toc45882576][bookmark: _Toc45282190][bookmark: _Toc34404362][bookmark: _Toc34388591][bookmark: _Toc25070676]Handling in 3GPP TS 24.587 [9] clause 5.3.2.6 shall apply.
[bookmark: _Toc131626301]6	A2X communication
This clause describes the procedures at the UE, and between UEs, for A2X communication over PC5. As specified in 3GPP TS 23.256 [3] clause 4.2.1.2.1, both LTE-PC5 and NR-PC5 are supported leveraging V2X mechanisms defined in TS 23.287 [5]. 
[bookmark: _Toc131626302]6.1	A2X communication over PC5
Editor’s Note:	This clause will provide description of A2X communication over PC5.
[bookmark: _Toc533170264][bookmark: _Toc22039968][bookmark: _Toc25070678][bookmark: _Toc34388593][bookmark: _Toc34404364][bookmark: _Toc45282192][bookmark: _Toc45882578][bookmark: _Toc51951128][bookmark: _Toc59208882][bookmark: _Toc75734720][bookmark: _Toc123627787][bookmark: _Toc131626303]6.1.1	General
This clause describes the procedures at the UE, and between UEs, for A2X communication over PC5.
The UE shall support requirements for securing A2X communication over PC5.
Both IP based and non-IP based A2X communication over PC5 are supported. For IP based A2X communication, only IPv6 is used. IPv4 is not supported in this release of the present document.
A2X communication over NR-PC5 supports broadcast mode and unicast mode. Groupcast mode for A2X communication over NR-PC5 is not supported in this version of the specifications. If upper layer of the UE indicates the mode of communication, the UE shall set the mode of communication based on the request of the upper layer. Otherwise, the UE shall set the mode of communication based on the mapping rules between the A2X service identifier and the default mode of communication defined in clause 5.2.3.
Editor's note (pCR, UAS_Ph2): Unicast mode adaptation for A2X is FFS based on RAN conclusions when available.
A2X communication over LTE-PC5 in EPS uses only the autonomous resources selection mode. The network scheduled operation mode is not supported for A2X as specified in TS 23.256 [3] clause 4.2.1.2.1.
[bookmark: _Toc22039969][bookmark: _Toc25070679][bookmark: _Toc34388594][bookmark: _Toc34404365][bookmark: _Toc45282193][bookmark: _Toc45882579][bookmark: _Toc51951129][bookmark: _Toc59208883][bookmark: _Toc75734721][bookmark: _Toc123627788][bookmark: _Toc131626304]6.1.2	Unicast mode A2X communication over NR-PC5
[bookmark: _Toc22039970][bookmark: _Toc25070680][bookmark: _Toc34388595][bookmark: _Toc34404366][bookmark: _Toc45282194][bookmark: _Toc45882580][bookmark: _Toc51951130][bookmark: _Toc59208884][bookmark: _Toc75734722][bookmark: _Toc123627789]6.1.2.1	Overview
This clause describes the PC5 signalling protocol procedures between two UEs for unicast mode of A2X communication. The following PC5 signalling protocol procedures are defined:
a)	A2X PC5 unicast link establishment;
b)	A2X PC5 unicast link modification;
c)	A2X PC5 unicast link release;
d)	A2X PC5 unicast link identifier update;
[bookmark: _Toc22039971][bookmark: _Toc25070681]e)	A2X PC5 unicast link authentication;
f)	A2X PC5 unicast link keep-alive; and
[bookmark: _Toc34388596][bookmark: _Toc34404367]Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
[bookmark: _Toc45282195][bookmark: _Toc45882581][bookmark: _Toc51951131][bookmark: _Toc59208885][bookmark: _Toc75734723][bookmark: _Toc123627790]6.1.2.2	A2X PC5 unicast link establishment procedure
[bookmark: _Toc22039972][bookmark: _Toc25070682][bookmark: _Toc34388597][bookmark: _Toc34404368][bookmark: _Toc45282196][bookmark: _Toc45882582][bookmark: _Toc51951132][bookmark: _Toc59208886][bookmark: _Toc75734724][bookmark: _Toc123627791]6.1.2.2.1	General
Depending on the type of the A2X PC5 unicast link establishment procedure (i.e. UE oriented Layer-2 link establishment or Service oriented Layer-2 link establishment in 3GPP TS 23.287[5]), the A2X PC5 unicast link establishment procedure is used to establish an A2X PC5 unicast link between two UEs or to establish multiple A2X PC5 unicast links. The UE sending the request message is called the "initiating UE" and the other UE is called the "target UE". If the request message does not indicate the specific target UE (i.e. target user info is not included in the request message), and multiple target UEs are interested in the A2X service(s) indicated in the request message, then the initiating UE shall handle corresponding response messages received from those target UEs. The maximum number of A2X NR-PC5 unicast links established in a UE at a time shall not exceed an implementation-specific maximum number of established A2X NR-PC5 unicast links.
NOTE:	The recommended maximum number of established A2X NR-PC5 unicasts link is 8.
[bookmark: _Toc22039973][bookmark: _Toc25070683][bookmark: _Toc34388598][bookmark: _Toc34404369][bookmark: _Toc45282197][bookmark: _Toc45882583][bookmark: _Toc51951133][bookmark: _Toc59208887][bookmark: _Toc75734725][bookmark: _Toc123627792]6.1.2.2.2	A2X PC5 unicast link establishment procedure initiation by initiating UE
The initiating UE shall meet the following pre-conditions before initiating this procedure:
a)	a request from upper layers to transmit the packet for A2X service over PC5;
b)	the communication mode is unicast mode (e.g. pre-configured as specified in clause 5.2.3 or indicated by upper layers);
c)	the link layer identifier for the initiating UE (i.e. layer-2 ID used for unicast communication) is available (e.g. pre-configured or self-assigned) and is not being used by other existing A2X PC5 unicast links to the same link layer identifier for the destination UE within the initiating UE;
d)	the link layer identifier for the destination UE (i.e. the unicast layer-2 ID of the target UE or the broadcast layer-2 ID) is available to the initiating UE (e.g. pre-configured, obtained as specified in clause 5.2.3 or known via prior A2X communication);
NOTE 1:	In the case where different A2X services are mapped to distinct default destination layer-2 IDs, when the initiating UE intends to establish a single unicast link that can be used for more than one A2X service identifiers, the UE can select any of the default destination layer-2 ID for unicast initial signalling.
e)	the initiating UE is either authorised for A2X communication over PC5 in NR-PC5 in the serving PLMN, or has a valid authorization for A2X communication over PC5 in NR-PC5 when not served by E-UTRA and not served by NR. The UE considers that it is not served by E-UTRA and not served by NR if the following conditions are met:
1)	not served by NR and not served by E-UTRA for A2X communication over PC5;
2)	in limited service state as specified in 3GPP TS 23.122 [2], if the reason for the UE being in limited service state is one of the following;
i)	the UE is unable to find a suitable cell in the selected PLMN as specified in 3GPP TS 38.304 [13];
ii)	the UE received a REGISTRATION REJECT message or a SERVICE REJECT message with the 5GMM cause #11 "PLMN not allowed" as specified in 3GPP TS 24.501 [7]; or
iii)	the UE received a REGISTRATION REJECT message or a SERVICE REJECT message with the 5GMM cause #7 "5GS services not allowed" as specified in 3GPP TS 24.501 [7]; or
3)	in limited service state as specified in 3GPP TS 23.122 [2] for reasons other than i), ii) or iii) above, and located in an altitude range and a geographical area for which the UE is provisioned with "non-operator managed" radio parameters as specified in clause 5.2.3;
f)	there is no existing A2X PC5 unicast link for the pair of peer application layer IDs, or there is an existing A2X PC5 unicast link for the pair of peer application layer IDs and the network layer protocol of  the existing A2X PC5 unicast link is not identical to the network layer protocol required by the upper layer in the initiating UE for this A2X service; and
Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
g)	the number of established A2X PC5 unicast links is less than the implementation-specific maximum number of established A2X NR-PC5 unicast links allowed in the UE at a time.
After receiving the service data or request from the upper layers, the initiating UE shall derive the PC5 QoS parameters and assign the PQFI(s) for the PC5 QoS flows(s) to be established as specified in clause 6.1.2.12.
In order to initiate the A2X PC5 unicast link establishment procedure, the initiating UE shall create an A2X DIRECT LINK ESTABLISHMENT REQUEST message. The initiating UE:
a)	shall include the source user info set to the initiating UE's application layer ID received from upper layers; 
b)	shall include the A2X service identifier(s) received from upper layer;
c)	shall include the target user info set to the target UE's application layer ID if received from upper layers or if the destination layer-2 ID is the unicast layer-2 ID of target UE.
Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
After the A2X DIRECT LINK ESTABLISHMENT REQUEST message is generated, the initiating UE shall pass this message to the lower layers for transmission along with:
a)	the initiating UE’s layer-2 ID for unicast communication and the destination layer-2 ID used for unicast initial signalling;
b)	the NR Tx profile corresponding to the initial signalling of the A2X PC5 unicast link establishment and that is associated with the A2X service identifier (see clause 5.2.3), if available;
NOTE 3:	The NR Tx profile is used by lower layers to determine the PC5 DRX parameter values (see 3GPP TS 38.300 [12]) for transmitting and receiving initial signalling of the A2X PC5 unicast link establishment.
[bookmark: _Hlk130379453]And start timer Txxxx. The UE shall not send a new A2X DIRECT LINK ESTABLISHMENT REQUEST message to the same target UE identified by the same application layer ID while timer Txxxx is running. If the target user info IE is not included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message (i.e. A2X service oriented A2X PC5 unicast link establishment procedure), the initiating UE shall handle multiple A2X DIRECT LINK ESTABLISHMENT ACCEPT messages, if any, received from different target UEs for the establishment of multiple A2X PC5 unicast links before the expiry of timer Txxxx.
NOTE 4:	In order to ensure successful A2X PC5 unicast link establishment, Txxxx should be set to a value larger than the sum of Tzzzz and Twwww.


Figure 6.1.2.2.2: UE oriented A2X PC5 unicast link establishment procedure
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Figure 6.1.2.2.3: Service oriented A2X PC5 unicast link establishment procedure
[bookmark: _Toc22039974][bookmark: _Toc25070684][bookmark: _Toc34388599][bookmark: _Toc34404370][bookmark: _Toc45282198][bookmark: _Toc45882584][bookmark: _Toc51951134][bookmark: _Toc59208888][bookmark: _Toc75734726][bookmark: _Toc123627793]6.1.2.2.3	A2X PC5 unicast link establishment procedure accepted by the target UE
The target UE shall pass the NR Tx profile corresponding to the initial signalling of the A2X PC5 unicast link establishment and that is associated with the A2X service identifier the target UE is interested in (see clause 5.2.3), if available, to the lower layers.
[bookmark: _Hlk116388057]NOTE 1:	The NR Tx profile is used by lower layers to determine the PC5 DRX parameter values (see 3GPP TS 38.300 [12]) for transmitting and receiving initial signalling of the A2X PC5 unicast link establishment.
Upon receipt of an A2X DIRECT LINK ESTABLISHMENT REQUEST message, if the target UE accepts this request, the target UE shall uniquely assign a PC5 link identifier, create an A2X PC5 unicast link context and assign a layer-2 ID for this A2X PC5 unicast link. The newly assigned layer-2 ID replaces the target layer-2 ID as received on the A2X DIRECT LINK ESTABLISHMENT REQUEST message. Then the target UE shall store this assigned layer-2 ID and the source layer-2 ID used in the transport of this message provided by the lower layers in the A2X PC5 unicast link context. The target UE may initiate A2X PC5 unicast link authentication procedure as specified in clause 6.1.2.6.
NOTE 2:	The target UE may reuse the target UE's layer-2 ID used in the transport of the A2X DIRECT LINK ESTABLISHMENT REQUEST message provided by the lower layers in case that the target UE's layer-2 ID has been used in previous A2X PC5 unicast link with the same peer.
 Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
In order to determine whether the A2X DIRECT LINK ESTABLISHMENT REQUEST message can be accepted or not, in case of IP communication, the target UE checks whether there is at least one common IP address configuration option supported by both the initiating UE and the target UE.
If the target UE accepts the A2X PC5 unicast link establishment procedure, the target UE shall create an A2X DIRECT LINK ESTABLISHMENT ACCEPT message. The target UE:
a)	shall include the source user info set to the target UE's application layer ID received from upper layers;
b)	shall include PQFI(s), the corresponding PC5 QoS parameters and the A2X service identifier(s) that the target UE accepts;
c)	shall include an IP address configuration IE set to one of the following values if IP communication is used:
1)	"IPv6 router" if IPv6 address allocation mechanism is supported by the target UE, i.e. acting as an IPv6 router; or
2)	"IPv6 address allocation not supported" if IPv6 address allocation mechanism is not supported by the target UE;
[bookmark: _Toc22039975][bookmark: _Toc25070685][bookmark: _Toc34388600][bookmark: _Toc34404371]d)	shall include a link local IPv6 address IE formed locally based on IETF RFC 4862 [16] if IP address configuration IE is set to "IPv6 address allocation not supported".
Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
After the A2X DIRECT LINK ESTABLISHMENT ACCEPT message is generated, the target UE shall pass this message to the lower layers for transmission along with the initiating UE's layer-2 ID for unicast communication and the target UE's layer-2 ID for unicast communication, and shall start timer Tyyyy if at least one of A2X service identifiers for the A2X PC5 unicast links satisfies the privacy requirements as specified in clause 5.2.3.
After sending the A2X DIRECT LINK ESTABLISHMENT ACCEPT message, the target UE shall provide the following information along with the layer-2 IDs to the lower layer, which enables the lower layer to handle the coming PC5 signalling or traffic data:
a)	the PC5 link identifier self-assigned for this A2X PC5 unicast link;
b)	PQFI(s) and its corresponding PC5 QoS parameters; and
Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
If the target UE accepts the A2X PC5 unicast link establishment request, then the target UE may perform the PC5 QoS flow establishment over A2X PC5 unicast link as specified in clause 6.1.2.12.
[bookmark: _Toc45282199][bookmark: _Toc45882585][bookmark: _Toc51951135][bookmark: _Toc59208889][bookmark: _Toc75734727][bookmark: _Toc123627794]6.1.2.2.4	A2X PC5 unicast link establishment procedure completion by the initiating UE
If the Target user info IE is included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message, upon receipt of the A2X DIRECT LINK ESTABLISHMENT ACCEPT message, the initiating UE shall stop timer Txxxx. If the Target user info IE is not included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message the initiating UE may keep the timer Txxxx running and continue to handle multiple response messages (i.e. the A2X DIRECT LINK ESTABLISHMENT ACCEPT message) from multiple target UEs.
For each of the A2X DIRECT LINK ESTABLISHMENT ACCEPT message received, the initiating UE shall uniquely assign a PC5 link identifier and create an A2X PC5 unicast link context for each of the A2X PC5 unicast link(s). Then the initiating UE shall store the source layer-2 ID and the destination layer-2 ID used in the transport of this message provided by the lower layers in the A2X PC5 unicast link context(s) to complete the establishment of the A2X PC5 unicast link with the target UE(s). From this time onward the initiating UE shall use the established link(s) for A2X communication over PC5 and additional PC5 signalling messages to the target UE(s).
[bookmark: _Toc22039976][bookmark: _Toc25070686][bookmark: _Toc34388601][bookmark: _Toc34404372]After receiving the A2X DIRECT LINK ESTABLISHMENT ACCEPT message, the initiating UE shall provide the following information along with the layer-2 IDs to the lower layer, which enables the lower layer to handle the coming PC5 signalling or traffic data:
a)	the PC5 link identifier self-assigned for this A2X PC5 unicast link;
b)	PQFI(s) and its corresponding PC5 QoS parameters.
Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
[bookmark: _Hlk130380876]The initiating UE shall start timer Tyyyy if at least one of A2X service identifiers for the A2X PC5 unicast links satisfies the privacy requirements as specified in clause 5.2.3.
In addition, the initiating UE may perform the PC5 QoS flow establishment over A2X PC5 unicast link as specified in clause 6.1.2.12.
[bookmark: _Toc45282200][bookmark: _Toc45882586][bookmark: _Toc51951136]Upon expiry of the timer Txxxx, if the A2X DIRECT LINK ESTABLISHMENT REQUEST message did not include the Target User Info IE, and the initiating UE received at least one A2X DIRECT LINK ESTABLISHMENT ACCEPT message, it is up to the UE implementation to consider the A2X PC5 unicast link establishment procedure as complete or to restart the timer Txxxx.
[bookmark: _Toc59208890][bookmark: _Toc75734728][bookmark: _Toc123627795]6.1.2.2.5	A2X PC5 unicast link establishment procedure not accepted by the target UE
If the A2X DIRECT LINK ESTABLISHMENT REQUEST message cannot be accepted, the target UE shall send an A2X DIRECT LINK ESTABLISHMENT REJECT message. The A2X DIRECT LINK ESTABLISHMENT REJECT message contains a PC5 signalling protocol cause IE set to one of the following cause values:
#1	direct communication to the target UE not allowed;
#3	conflict of layer-2 ID for unicast communication is detected;
#5	lack of resources for A2X PC5 unicast link; or
#111	protocol error, unspecified.
If the target UE is not allowed to accept the A2X DIRECT LINK ESTABLISHMENT REQUEST message, e.g. based on operator policy or configuration parameters for A2X communication over PC5 as specified in clause 5.2.3, the target UE shall send an A2X DIRECT LINK ESTABLISHMENT REJECT message containing PC5 signalling protocol cause value #1 "direct communication to the target UE not allowed".
For a received A2X DIRECT LINK ESTABLISHMENT REQUEST message from a layer-2 ID (for unicast communication), if the target UE already has an existing link established to a UE using this layer-2 ID or is currently processing an A2X DIRECT LINK ESTABLISHMENT REQUEST message from the same layer-2 ID, and with one of following parameters different from the existing link or the link for which the link establishment is in progress:
a)	the source user info; or
b)	type of data (e.g. IP or non-IP),
the target UE shall send an A2X DIRECT LINK ESTABLISHMENT REJECT message containing PC5 signalling protocol cause value #3 "conflict of layer-2 ID for unicast communication is detected".
Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
If the A2X PC5 unicast link establishment fails due to the congestion problems, the implementation-specific maximum number of established A2X NR-PC5 unicast links has been reached, or other temporary lower layer problems causing resource constraints, the target UE shall send an A2X DIRECT LINK ESTABLISHMENT REJECT message containing PC5 signalling protocol cause value #5 "lack of resources for A2X PC5 unicast link". If the A2X PC5 unicast link establishment fails due to other reasons, the target UE shall send an A2X DIRECT LINK ESTABLISHMENT REJECT message containing PC5 signalling protocol cause value #111 "protocol error, unspecified".
After sending the A2X DIRECT LINK ESTABLISHMENT REJECT message, the target UE shall provide the initiating UE's layer-2 ID for unicast communication and the target UE's layer-2 ID for unicast communication to the lower layer.
Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
Upon receipt of the A2X DIRECT LINK ESTABLISHMENT REJECT message, if the Target user info is included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message, the initiating UE shall stop timer Txxxx and abort the A2X PC5 unicast link establishment procedure. If the PC5 signalling protocol cause value in the A2X DIRECT LINK ESTABLISHMENT REJECT message is #1 "direct communication to the target UE not allowed" or #5 "lack of resources for A2X PC5 unicast link", then the UE shall not attempt to start the A2X PC5 unicast link establishment procedure with the same target UE at least for a time period T.
NOTE:	The length of time period T is UE implementation specific and can be different for the case when the UE receives PC5 signalling protocol cause value #1 "direct communication to the target UE not allowed" or when the UE receives PC5 signalling protocol cause value #5 "lack of resources for A2X PC5 unicast link".
[bookmark: _Toc25070687][bookmark: _Toc34388602][bookmark: _Toc34404373][bookmark: _Toc45282201][bookmark: _Toc45882587][bookmark: _Toc51951137]After receiving the A2X DIRECT LINK ESTABLISHMENT REJECT message, the initiating UE shall provide the initiating UE's layer-2 ID for unicast communication and the target UE's layer-2 ID for unicast communication to the lower layer.
[bookmark: _Toc59208891][bookmark: _Toc75734729][bookmark: _Toc123627796]Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
6.1.2.2.6	Abnormal cases
[bookmark: _Toc25070688][bookmark: _Toc34388603][bookmark: _Toc34404374][bookmark: _Toc45282202][bookmark: _Toc45882588][bookmark: _Toc51951138][bookmark: _Toc59208892][bookmark: _Toc75734730][bookmark: _Toc123627797]6.1.2.2.6.1	Abnormal cases at the initiating UE
If timer Txxxx expires and the Target user info IE is included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message, the initiating UE shall retransmit the A2X DIRECT LINK ESTABLISHMENT REQUEST message and restart timer Txxxx. After reaching the maximum number of allowed retransmissions, the initiating UE shall abort the A2X PC5 unicast link establishment procedure and may notify the upper layer that the target UE is unreachable.
Upon expiry of the timer Txxxx, if the A2X DIRECT LINK ESTABLISHMENT REQUEST message did not include the Target User Info IE and the initiating UE did not receive any A2X DIRECT LINK ESTABLISHMENT ACCEPT message, the initiating UE may retransmit the A2X DIRECT LINK ESTABLISHMENT REQUEST message and restart timer Txxxx. If the A2X DIRECT LINK ESTABLISHMENT REQUEST message did not include the Target User Info IE and the initiating UE did not receive any A2X DIRECT LINK ESTABLISHMENT ACCEPT message, then after reaching the maximum number of allowed retransmissions, the initiating UE shall abort the A2X PC5 unicast link establishment procedure and may notify the upper layer that no target UE is available.
NOTE:	The maximum number of allowed retransmissions is UE implementation specific.
If the need to establish a link no longer exists before the procedure is completed, the initiating UE shall abort the procedure.
When the initiating UE aborts the A2X PC5 unicast link establishment procedure, the initiating UE shall provide the initiating UE's layer-2 ID for unicast communication and the target UE's layer-2 ID for unicast communication to the lower layer.
[bookmark: _Toc25070689][bookmark: _Toc34388604][bookmark: _Toc34404375][bookmark: _Toc45282203][bookmark: _Toc45882589][bookmark: _Toc51951139][bookmark: _Toc59208893][bookmark: _Toc75734731][bookmark: _Toc123627798]Editor's note (pCR , UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
6.1.2.2.6.2	Abnormal cases at the target UE
For a received A2X DIRECT LINK ESTABLISHMENT REQUEST message from a source layer-2 ID (for unicast communication), if the target UE already has an existing link established to the UE known to use the same source layer-2 ID, the same source user info and the same type of data (IP or non-IP), the UE shall process the new request. However, the target UE shall only delete the existing link context after the new link establishment procedure succeeds.
Editor's note (pCR, UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
[bookmark: _Toc51951140][bookmark: _Toc59208894][bookmark: _Toc75734732][bookmark: _Toc123627799][bookmark: _Hlk130381137][bookmark: _Toc123627866][bookmark: _Toc75734799][bookmark: _Toc59208960][bookmark: _Toc51951204][bookmark: _Toc45882654][bookmark: _Toc45282268][bookmark: _Toc131626305]6.1.2.3	A2X PC5 unicast link modification procedure
[bookmark: _Toc525231186][bookmark: _Toc22039978][bookmark: _Toc25070691][bookmark: _Toc34388606][bookmark: _Toc34404377][bookmark: _Toc45282205][bookmark: _Toc45882591][bookmark: _Toc51951141][bookmark: _Toc59208895][bookmark: _Toc75734733][bookmark: _Toc123627800]6.1.2.3.1	General
The purpose of the A2X PC5 unicast link modification procedure is to modify the existing A2X PC5 unicast link to:
a)	add new PC5 QoS flow(s) to the existing A2X PC5 unicast link;
b)	modify existing PC5 QoS flow(s) for updating PC5 QoS parameters of the existing PC5 QoS flow(s);
c)	modify existing PC5 QoS flow(s) for associating new A2X service(s) with the existing PC5 QoS flow(s);
d)	modify existing PC5 QoS flow(s) for removing the associated A2X service(s) from the existing PC5 QoS flow(s); or
e)	remove existing PC5 QoS flow(s) from the existing A2X PC5 unicast link.
In this procedure, the UE sending the A2X DIRECT LINK MODIFICATION REQUEST message is called the "initiating UE" and the other UE is called the "target UE".
[bookmark: _Toc525231187][bookmark: _Toc22039979][bookmark: _Toc25070692][bookmark: _Toc34388607][bookmark: _Toc34404378][bookmark: _Toc45282206][bookmark: _Toc45882592][bookmark: _Toc51951142][bookmark: _Toc59208896][bookmark: _Toc75734734][bookmark: _Toc123627801]6.1.2.3.2	A2X PC5 unicast link modification procedure initiated by initiating UE
The initiating UE shall meet the following pre-conditions before initiating this procedure for adding a new A2X service to the existing A2X PC5 unicast link:
a)	there is an A2X PC5 unicast link between the initiating UE and the target UE; and
b)	the pair of application layer IDs and the network layer protocol of this A2X PC5 unicast link are identical to those required by the application layer in the initiating UE for this A2X service.
c)	the security policy corresponding to the A2X service identifier(s) (e.g. ITS-AID of the new A2X service) is aligned with the security policy of the existing A2X PC5 unicast link.
After receiving the service data or request from the upper layers, the initiating UE shall perform the PC5 QoS flow match as specified in clause 6.1.2.13. If there is no matched PC5 QoS flow, the initiating UE shall derive the PC5 QoS parameters and assign the PQFI(s) for the PC5 QoS flows(s) to be established as specified in clause 6.1.2.12.
If the A2X PC5 unicast link modification procedure is to add new PC5 QoS flow(s) to the existing A2X PC5 unicast link, the initiating UE shall create an A2X DIRECT LINK MODIFICATION REQUEST message. In this message, initiating UE:
a)	shall include the PQFI(s) and the corresponding PC5 QoS parameters, including the A2X service identifier(s); and
b)	shall include the link modification operation code set to "Add new PC5 QoS flow(s) to the existing A2X PC5 unicast link ".
If the A2X PC5 unicast link modification procedure is to modify the PC5 QoS parameters for existing PC5 QoS flow(s) in the existing A2X PC5 unicast link, the initiating UE shall create an A2X DIRECT LINK MODIFICATION REQUEST message. In this message, the initiating UE:
a)	shall include the PQFI(s) and the corresponding PC5 QoS parameters, including the A2X service identifier(s); and
b)	shall include the link modification operation code set to "Modify PC5 QoS parameters of the existing PC5 QoS flow(s)".
If the A2X PC5 unicast link modification procedure is to associate new A2X service(s) with existing PC5 QoS flow(s), the initiating UE shall create an A2X DIRECT LINK MODIFICATION REQUEST message. In this message, the initiating UE:
a)	shall include the PQFI(s) and the corresponding PC5 QoS parameters, including the A2X service identifier(s); and
b)	shall include the link modification operation code set to "Associate new A2X service(s) with existing PC5 QoS flow(s)".
If the A2X PC5 unicast link modification procedure is to remove the associated A2X service(s) from existing PC5 QoS flow(s), the initiating UE shall create an A2X DIRECT LINK MODIFICATION REQUEST message. In this message, the initiating UE:
a)	shall include the PQFI(s) and the corresponding PC5 QoS parameters including the A2X service identifier(s); and
b)	shall include the link modification operation code set to "Remove A2X service(s) from existing PC5 QoS flow(s)".
If the A2X PC5 unicast link modification procedure is to remove any PC5 QoS flow(s) from the existing A2X PC5 unicast link, the initiating UE shall create an A2X DIRECT LINK MODIFICATION REQUEST message. In this message, the initiating UE:
a)	shall include the PQFI(s); and
b)	shall include the link modification operation code set to "Remove existing PC5 QoS flow(s) from the existing A2X PC5 unicast link".
After the A2X DIRECT LINK MODIFICATION REQUEST message is generated, the initiating UE shall pass this message to the lower layers for transmission along with the initiating UE's layer-2 ID for unicast communication and the target UE's layer-2 ID for unicast communication, and start timer Taaaa. The UE shall not send a new A2X DIRECT LINK MODIFICATION REQUEST message to the same target UE while timer Taaaa is running.


Figure 6.1.2.3.2: A2X PC5 unicast link modification procedure
[bookmark: _Toc22039980][bookmark: _Toc25070693][bookmark: _Toc34388608][bookmark: _Toc34404379][bookmark: _Toc45282207][bookmark: _Toc45882593][bookmark: _Toc51951143][bookmark: _Toc59208897][bookmark: _Toc75734735][bookmark: _Toc123627802]6.1.2.3.3	A2X PC5 unicast link modification procedure accepted by the target UE
If the A2X DIRECT LINK MODIFICATION REQUEST message is accepted, the target UE shall respond with the A2X DIRECT LINK MODIFICATION ACCEPT message.
If the A2X DIRECT LINK MODIFICATION REQUEST message is to add a new A2X service, add new PC5 QoS flow(s) or modify any existing PC5 QoS flow(s) in the A2X PC5 unicast link, the target UE shall include in the A2X DIRECT LINK MODIFICATION ACCEPT message:
a)	the PQFI(s), the corresponding PC5 QoS parameters and the A2X service identifier(s) that the target UE accepts.
If the A2X DIRECT LINK MODIFICATION REQUEST message is to remove an existing A2X service from the A2X PC5 unicast link, the target UE shall delete the A2X service identifier received in the A2X DIRECT LINK MODIFICATION REQUEST message and the corresponding PQFI(s) and PC5 QoS parameters from the profile associated with the A2X PC5 unicast link.
If the A2X DIRECT LINK MODIFICATION REQUEST message is to remove existing PC5 QoS flow(s) from the A2X PC5 unicast link, the target UE shall delete the PQFI(s) and the corresponding PC5 QoS parameters from the profile associated with the A2X PC5 unicast link.
[bookmark: _Toc22039981][bookmark: _Toc25070694][bookmark: _Toc34388609][bookmark: _Toc34404380]If the A2X DIRECT LINK MODIFICATION REQUEST message is to add a new A2X service, add new PC5 QoS flow(s) or modify any existing PC5 QoS flow(s) in the A2X PC5 unicast link, after sending the A2X DIRECT LINK MODIFICATION ACCEPT message, the target UE shall provide the added or modified PQFI(s) and corresponding PC5 QoS parameters along with PC5 link identifier to the lower layer.
If the A2X DIRECT LINK MODIFICATION REQUEST message is to remove an existing A2X service or to remove the existing PC5 QoS flow(s) from the A2X PC5 unicast link, after sending the A2X DIRECT LINK MODIFICATION ACCEPT message, the target UE shall provide the removed PQFI(s) along with the PC5 link identifier to the lower layer.
If the target UE accepts the A2X PC5 unicast link modification request, then the target UE may perform the PC5 QoS flow establishment over A2X PC5 unicast link as specified in clause 6.1.2.12 and perform the PC5 QoS flow match over A2X PC5 unicast link as specified in clause 6.1.2.13.
[bookmark: _Toc45282208][bookmark: _Toc45882594][bookmark: _Toc51951144][bookmark: _Toc59208898][bookmark: _Toc75734736][bookmark: _Toc123627803]6.1.2.3.4	A2X PC5 unicast link modification procedure completion by the initiating UE
Upon receipt of the A2X DIRECT LINK MODIFICATION ACCEPT message, the initiating UE shall stop timer Taaaa.
[bookmark: _Toc22039982][bookmark: _Toc25070695][bookmark: _Toc34388610][bookmark: _Toc34404381]Upon receipt of the A2X DIRECT LINK MODIFICATION ACCEPT message, if the A2X DIRECT LINK MODIFICATION REQUEST message is to add a new A2X service, add new PC5 QoS flow(s) or modify any existing PC5 QoS flow(s) in the A2X PC5 unicast link, the initiating UE shall provide the added or modified PQFI(s) and corresponding PC5 QoS parameters along with PC5 link identifier to the lower layer.
Upon receipt of the A2X DIRECT LINK MODIFICATION ACCEPT message, if the A2X DIRECT LINK MODIFICATION REQUEST message is to remove an existing A2X service or to remove the existing PC5 QoS flow(s) from the A2X PC5 unicast link, the initiating UE shall provide the removed PQFI(s) along with the PC5 link identifier to the lower layer.
In addition, the initiating UE may perform the PC5 QoS flow establishment over A2X PC5 unicast link as specified in clause 6.1.2.12.
[bookmark: _Toc45282209][bookmark: _Toc45882595][bookmark: _Toc51951145][bookmark: _Toc59208899][bookmark: _Toc75734737][bookmark: _Toc123627804]6.1.2.3.5	A2X PC5 unicast link modification procedure not accepted by the target UE
If the A2X PC5 unicast link modification request cannot be accepted, the target UE shall send an A2X DIRECT LINK MODIFICATION REJECT message. The A2X DIRECT LINK MODIFICATION REJECT message contains a PC5 signalling protocol cause IE set to one of the following cause values:
#5	lack of resources for A2X PC5 unicast link;
#11	required service not allowed;
#12	security policy not aligned; or
#111	protocol error, unspecified.
If the target UE is not allowed to accept this request, .e.g. because the A2X service to be added is not allowed per the operator policy or configuration parameters for A2X communication over PC5 as specified in clause 5.2.3, the target UE shall send an A2X DIRECT LINK MODIFICATION REJECT message with PC5 signalling protocol cause value #11 "required service not allowed".
If the A2X PC5 unicast link modification fails due to the congestion problems or other temporary lower layer problems causing resource constraints, the target UE shall send an A2X DIRECT LINK MODIFICATION REJECT message with PC5 signalling protocol cause value #5 "lack of resources for A2X PC5 unicast link".
If the link modification operation code is set to "Associate new A2X service(s) with existing PC5 QoS flow(s)", and the security policy corresponding to the A2X service identifier(s) (e.g. ITS-AID of the new A2X service) is not aligned with the security policy applied to the existing A2X PC5 unicast link, then the target UE shall send an A2X DIRECT LINK MODIFICATION REJECT message with PC5 signalling protocol cause value #12 "security policy not aligned".
For other reasons causing the failure of link modification, the target UE shall send an A2X DIRECT LINK MODIFICATION REJECT message with PC5 signalling protocol cause value #111 "protocol error, unspecified".
Upon receipt of the A2X DIRECT LINK MODIFICATION REJECT message, the initiating UE shall stop timer Taaaa and abort the A2X PC5 unicast link modification procedure. If the PC5 signalling protocol cause value in the A2X DIRECT LINK MODIFICATION REJECT message is #11 "required service not allowed" or #5 "lack of resources for A2X PC5 unicast link" or #12 "security policy not aligned", then the initiating UE shall not attempt to start A2X PC5 unicast link modification with the same target UE to add the same A2X service, or to add or modify the same PC5 QoS flow(s) at least for a time period T.
NOTE:	The length of time period T is UE implementation specific and can be different for the case when the UE receives PC5 signalling protocol cause value #11 "required service not allowed" or when the UE receives PC5 signalling protocol cause value #5 "lack of resources for A2X PC5 unicast link" or when the UE receives PC5 signalling protocol cause value #12 "security policy not aligned". The length of time period T is not less than 30 minutes.
[bookmark: _Toc25070696][bookmark: _Toc34388611][bookmark: _Toc34404382][bookmark: _Toc45282210][bookmark: _Toc45882596][bookmark: _Toc51951146][bookmark: _Toc59208900][bookmark: _Toc75734738][bookmark: _Toc123627805]6.1.2.3.6	Abnormal cases at the initiating UE
The following abnormal cases can be identified:
a)	If timer Taaaa expires, the initiating UE shall retransmit the A2X DIRECT LINK MODIFICATION REQUEST message and restart timer Taaaa. After reaching the maximum number of allowed retransmissions, the initiating UE shall abort the A2X PC5 unicast link modification procedure and may notify the upper layer that the target UE is unreachable.
NOTE 1:	The maximum number of allowed retransmissions is UE implementation specific.
NOTE 2:	After reaching the maximum number of allowed retransmissions, whether the initiating UE releases this A2X PC5 unicast link depends on its implementation.
b)	For the same A2X PC5 unicast link, if the initiating UE receives an A2X DIRECT LINK RELEASE message after the initiation of UE-requested A2X PC5 unicast link modification procedure, the initiating UE shall stop the timer Taaaa and abort the A2X PC5 unicast link modification procedure and proceed with the A2X PC5 unicast link release procedure.
c)	For the same A2X PC5 unicast link, if the initiating UE receives an A2X DIRECT LINK MODIFICATION REQUEST message during the A2X PC5 unicast link modification procedure, the initiating UE shall stop the timer Taaaa and abort the A2X PC5 unicast link modification procedure. Following handling is implementation dependent, e.g., the initiating UE waits for an implementation dependent time for initiating a new A2X PC5 unicast link modification procedure, if still needed.
NOTE 3:	The implementation dependent timer value needs to be set to avoid further collisions (e.g. random timer value).
[bookmark: _Toc59208901][bookmark: _Toc75734739][bookmark: _Toc123627806]6.1.2.4	A2X PC5 unicast link release procedure
[bookmark: _Toc34388613][bookmark: _Toc34404384][bookmark: _Toc45282212][bookmark: _Toc45882598][bookmark: _Toc51951148][bookmark: _Toc59208902][bookmark: _Toc75734740][bookmark: _Toc123627807]6.1.2.4.1	General
[bookmark: _Toc34388614][bookmark: _Toc34404385][bookmark: _Toc45282213][bookmark: _Toc45882599]The A2X PC5 unicast link release procedure is used to release an A2X PC5 unicast link between two UEs. The link can be released from either end point. The UE sending the A2X DIRECT LINK RELEASE REQUEST message is called the "initiating UE" and the other UE is called the "target UE".
If the UE receives an indication of radio link failure from the lower layer, the UE shall release the A2X PC5 unicast link locally after an implementation specific time.
Editor's note (pCR, UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
[bookmark: _Toc51951149][bookmark: _Toc59208903][bookmark: _Toc75734741][bookmark: _Toc123627808]6.1.2.4.2	A2X PC5 unicast link release procedure initiation by initiating UE
The initiating UE shall initiate the procedure if a request from upper layers to release an A2X PC5 unicast link with the target UE which uses a known layer-2 ID (for unicast communication) is received and there is an existing A2X PC5 unicast link between these two UEs.
The initiating UE may initiate the procedure if the target UE has been non-responsive, e.g. no response in the A2X PC5 unicast link modification procedure, A2X PC5 unicast link identifier update procedure, A2X PC5 unicast link re-keying procedure or A2X PC5 unicast link keep-alive procedure.
The initiating UE may initiate the procedure to release an established A2X PC5 unicast link if the UE has reached the maximum number of established A2X PC5 unicast links and there is a need to establish a new A2X PC5 unicast link. In this case, which A2X PC5 unicast link is to be released is up to UE implementation.
The initiating UE may initiate the procedure to release an established A2X PC5 unicast link upon expiry of the timer Tbbbb.
In order to initiate the A2X PC5 unicast link release procedure, the initiating UE shall create an A2X DIRECT LINK RELEASE REQUEST message with a PC5 signalling protocol cause IE indicating one of the following cause values:
#1	direct communication to the target UE not allowed;
#2	direct communication to the target UE no longer needed;
#4	direct connection is not available anymore;
#5	lack of resources for A2X PC5 unicast link; or
#111	protocol error, unspecified.
Editor's note (pCR, UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
After the A2X DIRECT LINK RELEASE REQUEST message is generated, the initiating UE shall pass this message to the lower layers for transmission along with the initiating UE's layer-2 ID for unicast communication and the target UE's layer-2 ID for unicast communication, and shall stop Tyyyy if running. The initiating UE shall start timer Tcccc.


Figure 6.1.2.4.2.1: A2X PC5 unicast link release procedure
[bookmark: _Toc34388615][bookmark: _Toc34404386][bookmark: _Toc45282214][bookmark: _Toc45882600][bookmark: _Toc51951150][bookmark: _Toc59208904][bookmark: _Toc75734742][bookmark: _Toc123627809]6.1.2.4.3	A2X PC5 unicast link release procedure accepted by the target UE
[bookmark: _Toc34388616][bookmark: _Toc34404387][bookmark: _Toc45282215][bookmark: _Toc45882601][bookmark: _Toc51951151][bookmark: _Toc59208905][bookmark: _Toc75734743]Upon receiving an A2X DIRECT LINK RELEASE REQUEST message, the target UE shall stop all running timers for this A2X PC5 unicast link and abort any other ongoing PC5 signalling protocol procedures on this A2X PC5 unicast link. The target UE shall respond with an A2X DIRECT LINK RELEASE ACCEPT message. After the message is sent, the target UE shall release the A2X PC5 unicast link by performing the following behaviors:
a)	inform the lower layer along with the PC5 link identifier that the A2X PC5 unicast link has been released; and
b)	delete the A2X PC5 unicast link context of the A2X PC5 unicast link after an implementation specific time.
[bookmark: _Toc123627810]Editor's note (pCR, UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
6.1.2.4.4	A2X PC5 unicast link release procedure completion by the initiating UE
[bookmark: _Toc34388617][bookmark: _Toc34404388][bookmark: _Toc45282216][bookmark: _Toc45882602][bookmark: _Toc51951152][bookmark: _Toc59208906][bookmark: _Toc75734744]Upon receipt of the A2X DIRECT LINK RELEASE ACCEPT message, the initiating UE shall stop timer Tcccc and shall release the A2X PC5 unicast link by performing the following actions:
a)	inform the lower layer along with the PC5 link identifier that the A2X PC5 unicast link has been released; and
b)	delete the A2X PC5 unicast link context of the A2X PC5 unicast link after an implementation specific time.
[bookmark: _Toc123627811]Editor's note (pCR, UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
6.1.2.4.5	Abnormal cases
[bookmark: _Toc34388618][bookmark: _Toc34404389][bookmark: _Toc45282217][bookmark: _Toc45882603][bookmark: _Toc51951153][bookmark: _Toc59208907][bookmark: _Toc75734745][bookmark: _Toc123627812]6.1.2.4.5.1	Abnormal cases at the initiating UE
If retransmission timer Tcccc expires and the PC5 signalling protocol cause included in the PC5 signalling protocol cause IE in the A2X DIRECT LINK RELEASE REQUEST message was #4 "direct connection is not available anymore", the initiating UE shall release the A2X PC5 unicast link locally. From this time onward the initiating UE shall no longer send or receive any messages via this link.
Editor's note (pCR, UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
If retransmission timer Tcccc expires and the PC5 signalling protocol cause included in the PC5 signalling protocol cause IE in the A2X DIRECT LINK RELEASE REQUEST message was not #4 "direct connection is not available anymore", the initiating UE shall initiate the transmission of the A2X DIRECT LINK RELEASE REQUEST message again and restart timer Tcccc.
If no response is received from the target UE after reaching the maximum number of allowed retransmissions, the initiating UE shall release the A2X PC5 unicast link locally. From this time onward the initiating UE shall no longer send or receive any messages via this link.
Editor's note (pCR, UAS_Ph2): security requirements to be added based on SA3 conclusions when available.
NOTE:	The maximum number of allowed retransmissions is UE implementation specific.
[bookmark: _Hlk130395393]6.1.3	Broadcast mode A2X communication over PC5
[bookmark: _Toc22039984][bookmark: _Toc25070698][bookmark: _Toc34388653][bookmark: _Toc34404424][bookmark: _Toc45282269][bookmark: _Toc45882655][bookmark: _Toc51951205][bookmark: _Toc59208961][bookmark: _Toc75734800][bookmark: _Toc123627867]6.1.3.1	Overview
This clause describes the A2X communication over PC5 reference point in broadcast mode operation. The UE is configured with the related information as described in clause 5.2.3.
[bookmark: _Toc34388654][bookmark: _Toc34404425][bookmark: _Toc45282270][bookmark: _Toc45882656][bookmark: _Toc51951206][bookmark: _Toc59208962][bookmark: _Toc75734801][bookmark: _Toc123627868]6.1.3.2	Transmission of broadcast mode A2X communication over PC5
[bookmark: _Toc34388655][bookmark: _Toc34404426][bookmark: _Toc45282271][bookmark: _Toc45882657][bookmark: _Toc51951207][bookmark: _Toc59208963][bookmark: _Toc75734802][bookmark: _Toc123627869]6.1.3.2.1	Initiation
[bookmark: _Toc34388656][bookmark: _Toc34404427][bookmark: _Toc45282272][bookmark: _Toc45882658][bookmark: _Toc51951208][bookmark: _Toc59208964][bookmark: _Toc75734803][bookmark: _Toc123627870]6.1.3.2.1.1	Requirements for A2X communication over PC5
When the upper layers request the UE to send a A2X message of a A2X service identified by a A2X service identifier using A2X communication over PC5, the request from the upper layers includes:
a)	the A2X message;
b)	the A2X service identifier of the A2X service for the A2X message;
c)	the type of data in the A2X message (i.e. IP or non-IP);
d)	if the A2X message contains non-IP data, the A2X message family (see clause 9.2) of data in the A2X message;
e)	optionally the communication mode which is set to broadcast mode; and
f)	optionally the A2X application requirements (e.g. priority requirement, reliability requirement, delay requirement).
Upon a request from upper layers to send a A2X message of a A2X service identified by a A2X service identifier using A2X communication over PC5, if:
a)	the UE is configured with A2X service identifier to A2X frequency mapping rules for A2X communication over PC5 as specified in clause 5.2.3; and
b)	there is one or more A2X frequencies associated with the A2X service identifier of the A2X service for the A2X message in the current altitude range and geographical area,
then the UE passes the one or more A2X frequencies associated with the A2X service identifier of the A2X service and the communication mode which is set to broadcast mode for the A2X message to the lower layers.
Then, if any of the following conditions are met:
a)	the following conditions are met:
1)	the UE is served by NR or served by E-UTRA for NR-PC5 A2X communication;
2)	the UE intends to use the radio resources (i.e. carrier frequency) provided by a serving cell;
3)	the registered PLMN is in the list of PLMNs in which the UE is authorized to use A2X communication over PC5 when the UE is served by NR or served by E-UTRA for A2X communication over PC5 as specified in clause 5.2.3; and
4)	the A2X service identifier of the A2X service is included in the list of A2X services authorized for A2X communication over PC5 as specified in clause 5.2.3 or the UE is configured with a default destination layer-2 ID for A2X communication over PC5 as specified in clause 5.2.3;
b)	the following conditions are met:
1)	the UE is:
i)	not served by NR and not served by E-UTRA for A2X communication over PC5;
ii)	in limited service state as specified in 3GPP TS 23.122 [2], if the reason for the UE being in limited service state is one of the following:
A)	the UE is unable to find a suitable cell in the selected PLMN as specified in 3GPP TS 38.304 [13];
B)	the UE received a REGISTRATION REJECT message or a SERVICE REJECT message with the 5GMM cause #11 "PLMN not allowed" as specified in 3GPP TS 24.501 [7]; or
C)	the UE received a REGISTRATION REJECT message or a SERVICE REJECT message with the 5GMM cause #7 "5GS services not allowed" as specified in 3GPP TS 24.501 [7]; or
iii)	in limited service state as specified in 3GPP TS 23.122 [2] for reasons other than A), B) or C) above, and located in an altitude range and a geographical area for which the UE is provisioned with "non-operator managed" radio parameters as specified in clause 5.2.3;
2)	the UE is authorized to use A2X communication over PC5 when the UE is not served by NR and not served by E-UTRA for A2X communication as specified in clause 5.2.3; and
3)	the A2X service identifier of the A2X service is included in the list of A2X services authorized for A2X communication over PC5 as specified in clause 5.2.3 or the UE is configured with a default destination layer-2 ID for A2X communication over PC5 as specified in clause 5.2.3;
then the UE shall proceed as specified in clause 6.1.3.2.1.2, else the UE shall not perform transmission of A2X communication over PC5.
[bookmark: _Toc34388657][bookmark: _Toc34404428][bookmark: _Toc45282273][bookmark: _Toc45882659][bookmark: _Toc51951209][bookmark: _Toc59208965][bookmark: _Toc75734804][bookmark: _Toc123627871]6.1.3.2.1.2	PC5 QoS flow match and establishment
When determining if any existing PC5 QoS flow match the request from upper layers, UE shall proceeds as follows:
a)	according to the PC5 QoS mapping rules specified in clause 5.2.3, the UE shall use the PC5 QoS parameters corresponding to the A2X service identifier and optionally A2X application requirements;
b)	according to the A2X service identifier to destination layer-2 ID for broadcast mapping rules specified in clause 5.2.3, the UE shall use the destination layer-2 ID corresponding to the A2X service identifier;
c)	if there is no existing context for the destination layer-2 ID, then:
1)	build a new context for the destination layer-2 ID;
2)	self-assign a new source layer-2 ID; and
3)	pass the source layer-2 ID and the destination layer-2 ID to lower layers.
d)	if in the context for the destination layer-2 ID, there is no PC5 QoS rule for the existing PC5 QoS flow(s) matching the service data or request, the UE shall derive the PC5 QoS parameters based on the A2X application requirements provided by the upper layers (if available) and the A2X service identifier(s) (e.g. PSID or ITS-AID) according to the PC5 QoS mapping rules defined in clause 5.2.3 and shall perform the following:
1)	if there is no existing PC5 QoS flow that fulfils the derived PC5 QoS parameters, then the UE shall create a new PC5 QoS flow by performing the following operations:
i)	self-assign a new PQFI;
ii)	create a new PC5 QoS flow context which contains:
-	the PQFI;
-	the A2X service identifier(s); and;
-	the derived PC5 QoS parameters;
iii)	create a new PC5 QoS rule which contains:
-	a PC5 QoS rule identifier;
-	the PQFI;
-	a set of packet filters; and
-	a precedence value; and
iv)	pass the following parameters to the lower layers:
-	the PQFI;
-	the PC5 QoS parameters;
-	the source layer-2 ID and the destination layer-2 ID; and
-	the NR Tx Profile corresponding to the A2X service identifier, if all the A2X service identifier(s) for the given destination layer-2 ID have NR Tx profiles available, as determined for the respective A2X service identifier based on the configuration parameters and conditions described in clause 5.2.3;
NOTE:	When the PC5 DRX operation is needed based on the provided NR Tx Profile, the lower layers use PC5 QoS parameters to determine the PC5 DRX parameter values (see 3GPP TS 38.300 [12]) for transmission operation over PC5 reference point.
2)	if there is an existing PC5 QoS flow that fulfils the derived PC5 QoS parameters, then the UE shall update the PC5 packet filter set in the PC5 QoS rule of this PC5 QoS flow, e.g. add the new packet filter in the PC5 QoS rule of this existing PC5 QoS flow; and
3)	the UE shall use the new PC5 QoS flow created as described in bullet 1) or the existing PC5 QoS flow with the updated PC5 QoS rules as described in bullet 2) to perform the transmission of A2X communication over PC5 as specified in clause 6.1.3.2.2; and
e)	if in the context for the destination layer-2 ID, there is a PC5 QoS rule for the existing PC5 QoS flow matching the service data or request, the UE shall use this existing PC5 QoS flow to perform transmission of A2X communication over PC5 as specified in clause 6.1.3.2.2.
[bookmark: _Toc533170267][bookmark: _Toc34388658][bookmark: _Toc34404429]Two types of packet filters are supported for A2X communication over PC5, i.e. the IP packet filter set and the A2X packet filter set. A PC5 QoS Rule contains either the IP packet filter set or the A2X packet filter set.
The IP packet filter set is defined as content of the packet filter contents field specified in 3GPP TS 24.501 [7] figure 9.11.4.13.4 and table 9.11.4.13.1.
The A2X packet filter set shall support packet filters based on at least any combination of:
-	A2X service identifier (e.g. PSID or ITS-AID);
-	the source layer-2 ID and the destination layer-2 ID; and
-	Application Layer ID (e.g. UAV ID);
[bookmark: _Toc45282274][bookmark: _Toc45882660][bookmark: _Toc51951210][bookmark: _Toc59208966][bookmark: _Toc75734805][bookmark: _Toc123627872]6.1.3.2.2	Transmission
The UE shall include the A2X message in a protocol data unit with the following parameters:
a)	a layer-3 protocol data unit type (see 3GPP TS 38.323 [14]) set to:
1)	IP packet, if the A2X message contains IP data; or
2)	non-IP packet, if the A2X message contains non-IP data;
b)	the source layer-2 ID set to the layer-2 ID self-assigned by the UE for A2X communication over PC5;
c)	the destination layer-2 ID set to:
1)	the destination layer-2 ID associated with the A2X service identifier of the A2X service in this list of A2X services authorized for A2X communication over PC5 as specified in clause 5.2.3, if the A2X service identifier of the A2X service is included in the list of A2X services authorized for A2X communication over PC5 as specified in clause 5.2.3; or
2)	the default destination layer-2 ID configured to the UE for A2X communication over PC5 as specified in clause 5.2.3, if the A2X service identifier of the A2X service is not included in the list of A2X services authorized for A2X communication over PC5 and the UE is configured with a default destination layer-2 ID for A2X communication over PC5;
d)	if the A2X message contains non-IP data, an indication to set the non-IP type field of the non-IP type PDU to the value corresponding to the A2X message family (see clause 9.2 and clause 9.3) used by the A2X service as indicated by upper layers;
e)	if the A2X message contains IP data, the source IP address set to the source IP address self-assigned by the UE for A2X communication over PC5;
f)	the PQFI set to the value corresponding to the PC5 QoS Rules as specified in clause 6.1.3.2.1;
g)	if E-UTRA-PC5 is used for A2X communication over PC5, the UE is configured with A2X service identifier to Tx Profile mapping rules for A2X communication over PC5 as specified in clause 5.2.3, the Tx Profile associated with the A2X service identifier as specified in clause 5.2.3; and
h)	if NR-PC5 is used for A2X communication over PC5, the UE is configured with A2X service identifier to NR Tx Profile mapping rules for A2X communication over PC5 as specified in clause 5.2.3 and all the A2X service identifier(s) for the given destination layer-2 ID have NR Tx profiles available, the NR Tx Profile associated with the A2X service identifier as specified in clause 5.2.3;
then UE shall request radio resources for A2X communication over PC5 as specified in 3GPP TS 38.300 [12], and pass the A2X message on the PC5 QoS Flow identified by the PQFI to lower layers for transmission. The PC5 QoS Rules corresponding to the PQFIs map A2X messages with the same A2X service identifier and with the same PC5 QoS parameters to the same PC5 QoS Flow, and apply PQFI to A2X messages.
If the UE is camped on a serving cell indicating that A2X communication over PC5 is supported by the network, but not broadcasting any carrier frequencies and radio resources for A2X communication over PC5 as specified in 3GPP TS 38.331 [15], the UE shall request radio resources for A2X communication over PC5 as specified in 3GPP TS 24.501 [7].
Editor's note (pCR C1-232147, UAS_Ph2): 3GPP TS 38.331 and 3GPP TS 24.501 still need to be updated with requesting radio resources for A2X communication over PC5.
If the UE has an emergency PDN connection, the UE shall send an indication to the lower layers to prioritize transmission over the emergency PDN connection as compared to transmission of A2X communication over PC5.
[bookmark: _Toc34388659][bookmark: _Toc34404430][bookmark: _Toc45282275][bookmark: _Toc45882661][bookmark: _Toc51951211][bookmark: _Toc59208967][bookmark: _Toc75734806][bookmark: _Toc123627873][bookmark: _Toc533170268]6.1.3.2.3	Procedure for UE to use provisioned radio resources for A2X communication over PC5
[bookmark: _Hlk131169727]When the UE is not served by NR and not served by E-UTRA for A2X communication and is authorized to use A2X communication over PC5, the UE shall identify the RAT to be used for A2X communication over PC5 according to the list of RATs in which the UE is authorized to use A2X communication over PC5. If both E-UTRA-PC5 and NR-PC5 for A2X are authorized to the UE for A2X communication over PC5, the UE selects a RAT used for A2X communication over PC5 according to local policy. The UE shall select the corresponding radio parameters to be used for A2X communication over PC5 as follows:
a)	if the UE can determine itself located at an altitude range in a geographical area, and the UE is provisioned with radio parameters for the altitude range at the geographical area, the UE shall select the radio parameters associated with that altitude range in that geographical area; or
b)	in all other cases, the UE shall not initiate A2X communication over PC5.
It is out of scope of the present specification to define how the UE can locate itself in a specific geographical area and altitude range. When the UE is in coverage of a 3GPP RAT it can for example use information derived from the serving PLMN. When the UE is not in coverage of a 3GPP RAT it can use other techniques, e.g. Global Navigation Satellite System (GNSS). The UE shall not consider user provided location as a valid input to locate itself in a specific geographical area or altitude range.
If the UE intends to use "non-operator managed" radio parameters as specified in clause 5.2.3, the UE shall initiate A2X communication over PC5 with the selected radio parameters.
If the UE intends to use "operator managed" radio parameters as specified in clause 5.2.3, before initiating A2X communication over PC5, the UE shall check with lower layers whether the selected radio parameters can be used in the current location without causing interference to other cells as specified in 3GPP TS 38.331 [15] when NR-PC5 to be used for A2X communication over PC5 and specified in 36.331 [11] when E-UTRA-PC5 to be used for A2X communication over PC5, and:
a)	if the lower layers indicate that the usage would not cause any interference, the UE shall initiate A2X communication over PC5; or
NOTE:	If the lower layers find that there exists a cell operating the provisioned radio resources (i.e., carrier frequency), and the cell belongs to the registered PLMN or a PLMN equivalent to the registered PLMN, and the UE is authorized for A2X communication over PC5 in this PLMN, the UE can use the radio parameters indicated by the cell as specified in 3GPP TS 38.331 [15] when NR-PC5 to be used for A2X communication over PC5 and specified in 36.331 [11] when E-UTRA-PC5 to be used for A2X communication over PC5.
b)	else if the lower layers report that one or more PLMNs operate in the provisioned radio resources (i.e. carrier frequency) then:
1)	if the following conditions are met:
i)	none of the PLMNs reported by the lower layers is the registered PLMN or equivalent to the registered PLMN;
ii)	at least one of the PLMNs reported by the lower layers is in the list of authorized PLMNs for A2X communication over PC5 and provides radio resources for A2X communication over PC5 as specified in 3GPP TS 38.331 [15] when NR-PC5 to be used for A2X communication over PC5 and specified in 36.331 [11] when E-UTRA-PC5 to be used for A2X communication over PC5; and
iii)	the UE does not have an emergency PDU session in 5GS and does not have an emergency PDN connection in EPS;
	then the UE shall:
i)	if in 5GMM-IDLE mode (in case of 5GC) or in EMM-IDLE mode (in case of EPC), perform PLMN selection triggered by A2X communication over PC5 as specified in 3GPP TS 23.122 [2]; or
ii)	else if 
A)	in 5GMM-CONNECTED mode (in case of 5GC), either:
AA)	perform a Deregistration procedure as specified in 3GPP TS 24.501 [7] and then perform PLMN selection triggered by A2X communication over PC5 as specified in 3GPP TS 23.122 [2]; or
AB)	not initiate A2X communication over PC5.
			Whether the UE performs AA) or AB) above is left up to UE implementation; or
B)	in EMM-CONNECTED mode (in case of EPC), either:
BA)	perform a detach procedure as specified in 3GPP TS 24.301 [6] and then perform PLMN selection triggered by A2X communication over PC5 as specified in 3GPP TS 23.122 [2]; or
BB)	not initiate A2X communication over PC5.
	Whether the UE performs BA) or BB) above is left up to UE implementation; or
2)	else the UE shall not initiate A2X communication over PC5.
If the registration to the selected PLMN is successful, the UE shall proceed with the procedure to initiate A2X communication over PC5 as specified in clause 6.1.3.2.1.
If the UE is performing A2X communication over PC5 using radio parameters associated with an altitude range and a geographical area and moves out of that altitude range or that geographical area, the UE shall stop performing A2X communication over PC5 and then:
a)	if the UE is not served by NR and not served by E-UTRA for A2X communication over PC5 or the UE intends to use radio resources for A2X communication over PC5 other than those operated by the serving cell, the UE shall select appropriate radio parameters for the new altitude range and geographical area as specified above; or
b)	if the UE is served by NR or served by E-UTRA for A2X communication over PC5 and intends to use radio resources for A2X communication over PC5 operated by the serving cell, the UE shall proceed with the procedure to initiate A2X communication over PC5 when served by NR or served by E-UTRA for A2X communication over PC5.
Editor's note (pCR C1-232147, UAS_Ph2): 3GPP TS 38.331 and 3GPP TS 36.331 still need to be updated for A2X communication over PC5.
[bookmark: _Toc533170269][bookmark: _Toc34388660][bookmark: _Toc34404431][bookmark: _Toc45282276][bookmark: _Toc45882662][bookmark: _Toc51951212][bookmark: _Toc59208968][bookmark: _Toc75734807][bookmark: _Toc123627874]6.1.3.2.4	Privacy of A2X transmission over PC5
Upon initiating transmission of A2X communication over PC5, if:
a)	the A2X service identifier of a A2X service requesting transmission of A2X communication over PC5 is in the list of A2X services which require privacy for A2X communication over PC5 as specified in clause 5.2.3; and
b)	the UE is located in a geographical area in which this A2X service requires privacy for A2X communication over PC5 as specified in clause 5.2.3, or the UE is not provisioned any geographical areas in which this A2X services requires privacy for A2X communication over PC5,
then the UE shall proceed as follows:
a)	if timer Tdddd is not running, start timer Tdddd and set its timer value as the privacy timer value as specified in clause 5.2.3;
b)	upon:
1)	getting an indication from upper layers that the application layer identifier has been changed; or
2)	timer Tdddd expiry,
then:
1)	change the value of the source layer-2 ID self-assigned by the UE for the A2X communication over PC5;
2)	if the A2X message contains IP data, change the value of the source IP address self-assigned by the UE for A2X communication over PC5; 
3)	provide an indication to upper layers that the source layer-2 ID and/or the source IP address are changed;
4)	pass the changed source layer-2 ID and destination layer-2 ID, along with the corresponding PQFI down to the lower layer;
5)	restart timer Tdddd; and
6)	upon stopping transmission of the A2X communication over PC5, stop timer Tbbbb.
[bookmark: _Toc533170270][bookmark: _Toc34388661][bookmark: _Toc34404432][bookmark: _Toc45282277][bookmark: _Toc45882663][bookmark: _Toc51951213][bookmark: _Toc59208969][bookmark: _Toc75734808][bookmark: _Toc123627875]6.1.3.3	Reception of broadcast mode A2X communication over PC5
The UE may be configured by upper layers with one or more destination layer-2 ID(s) for reception of A2X messages over PC5. The receiving UE shall determine the PC5 QoS parameters for this broadcast A2X service in the same way described in clause 6.1.3.2.1.2 and shall determine the NR Tx Profile as described in clause 5.2.3, and shall provide:
a)	the PC5 QoS parameters;
b)	the NR Tx Profile  corresponding to the A2X service identifier, if all the A2X service identifier(s) for the given destination layer-2 ID have NR Tx profiles available; and
c)	the destination layer-2 ID(s);
to lower layers. When the UE derives new PC5 QoS parameters for a destination layer-2 ID that has been provided to lower layers (e.g., due to a change in application requirements), the UE shall provide the new PC5 QoS parameters for that destination layer-2 ID to lower layers. For each received protocol data unit over PC5, the receiving UE shall check if the destination layer-2 ID of the received protocol data unit matches one of the configured destination Layer-2 IDs. If yes, the UE shall then check whether the protocol data unit type as defined 3GPP TS 38.323 [14] provided by the lower layers for the received packet is set to IP packet or non-IP packet, and pass the protocol data unit to the corresponding upper layer entity.
[bookmark: _Hlk87895976][bookmark: _Hlk86249778][bookmark: _Hlk86249757]NOTE:	When the PC5 DRX operation is needed based on the provided NR Tx Profile if any, the lower layers use PC5 QoS parameters and the destination layer-2 ID(s) to determine the PC5 DRX parameter values (see 3GPP TS 38.300 [12]) for reception operation over PC5 reference point.
[bookmark: _Toc131626306]7	Broadcast remote ID (BRID) over PC5
[bookmark: _Toc131626307]7.1	General
Editor’s Note:	This clause will provide description of the procedures at the UE, and between UEs, for BRID over PC5.
This clause describes the procedures at the UE, and between UEs, for broadcast remote ID (BRID) using A2X communication over PC5 as specified in clause 6.1. The broadcast mode A2X communication is used for BRID.
BRID over PC5 is supported for both UAV UEs that register to the MNO network(s) and UAVs that operate out of coverage.
The content of the messages for BRID is defined according to regional regulations for BRID (e.g. message set of ASTM F3411 19 [17] or ASD-STAN prEN 4709-002 P1 [18]) and optionally according to regional mean of compliance documents.
[bookmark: _Toc131626308]7.2	Procedures
[bookmark: _Toc131626309]8	Direct detect and avoid (DDAA) over PC5
[bookmark: _Toc131626310]8.1	General
Editor’s Note:	This clause will provide description of the procedures at the UE, and between UEs, for DAA over PC5.
This clause describes the procedures at the UE, and between UEs, for direct detect and avoid (DDAA) using A2X communication over PC5 as specified in clause 6.1. Both the unicast mode A2X communication over NR-PC5 and the broadcast mode A2X communication is supported for DDAA.
The content of the messages for DDAA are defined according to the regional regulations for DAA and is out of scope of 3GPP.
Editor’s Note:	It is FFS to figure out CT1 impact for ground-based DAA
[bookmark: _Toc131626311]8.2	Procedures
[bookmark: _Toc131626312]9	Direct C2 communication over PC5
[bookmark: _Toc131626313]9.1	General

A UAV can establish direct C2 communication with a UAV-C as specified in 3GPP TS 23.256 [3].
This clause describes the procedures for direct C2 communication including:
a)	C2 authorization procedure for direct C2 communication (see clause 9.2.1); and
b)	direct C2 communication procedures over NR-PC5 (see clause 9.2.2);
[bookmark: _Toc131626314]9.2	Procedures
9.2.1	C2 authorization procedure for direct C2 communication
For a UAV supporting direct C2 communication, in order to request C2 authorization for direct C2 communication to the USS, the UAV provides the request for authorization of direct C2 communication to the USS.
NOTE 1:	In 5GS, the request for authorization of direct C2 communication is included in the C2 authorization payload in the Service-level-AA container IE which is defined in 3GPP TS 24.501 [7].
NOTE 2:	In EPS, the request for authorization of direct C2 communication is included in the C2 authorization payload in the service-level-AA payload parameter which is defined in 3GPP TS 24.301 [6].
Editor's Note:	If a UAV supporting direct C2 communication is, neither capable of N1 mode nor capable of S1 mode, or located where there is no 3GPP access coverage, how the UAV is authorized for direct C2 communication depends on SA2 conclusions.
9.2.2	Direct C2 communication procedures over NR-PC5
Editor's Note:	This clause will describe C2 direct communication procedures and how they utilize the unicast mode of A2X communication specified in clause 6.1.2.
[bookmark: _Toc131626315]10.	Handling of unknown, unforeseen, and erroneous PC5 signalling protocol data
[bookmark: _Toc131626316]10.1	General
Editor’s Note:	This clause will provide description for handling of unknown, unforeseen, and erroneous PC5 signalling protocol data
[bookmark: _Toc131626317]11.	Message functional definition and contents
[bookmark: _Toc131626318]11.1	Overview
Editor’s Note:	This clause will provide description of the message functional definition and contents for this specification.
[bookmark: _Toc131626319]12.	Information elements coding
[bookmark: _Toc131626320]12.1	Overview
Editor’s Note:	This clause will provide information elements coding for A2X communication over PC5 and direct C2 communication over PC5.
[bookmark: _Toc131626321][bookmark: tsgNames]12.2	General
[bookmark: _Toc123628031]13	List of system parameters
[bookmark: _Toc22039990][bookmark: _Toc25070730][bookmark: _Toc34388729][bookmark: _Toc34404500][bookmark: _Toc45282410][bookmark: _Toc45882796][bookmark: _Toc51951344][bookmark: _Toc59209122][bookmark: _Toc75734964][bookmark: _Toc123628032]13.1	General
The description of timers in the following tables should be considered a brief summary. The complete descriptions of the timers are in the procedures defined in clauses 5 and 6.
[bookmark: _Toc25070731][bookmark: _Toc34388730][bookmark: _Toc34404501][bookmark: _Toc45282411][bookmark: _Toc45882797][bookmark: _Toc51951345][bookmark: _Toc59209123][bookmark: _Toc75734965][bookmark: _Toc123628033]13.2	Timers of provisioning of parameters for A2X configuration procedures
Timers of provisioning of parameters for A2X configuration are shown in table 13.2.1.
NOTE:	Timer T5040 is defined in 3GPP TS 24.587 [9].
Table 13.2.1: Timers of provisioning of parameters for A2X configuration – UE side
	TIMER NUM.
	TIMER VALUE
	CAUSE OF START
	NORMAL STOP
	ON EXPIRY 

	Tklmn
	NOTE 1
	Start using the new UE policies for A2X communication over PC5 received in MANAGE UE POLICY COMMAND message
	Stop using the old UE policies for A2X communication over PC5
	Initiate the UE-requested A2X policy provisioning procedure

	NOTE 1:	The value of this timer is the validity timer value which is one of the configuration parameters for A2X communication over PC5 (see clause 5.2) and it is specified in 3GPP TS 24.578 [8] clause 5.3.


[bookmark: _Toc25070732][bookmark: _Toc34388731][bookmark: _Toc34404502][bookmark: _Toc45282412][bookmark: _Toc45882798][bookmark: _Toc51951346][bookmark: _Toc59209124][bookmark: _Toc75734966][bookmark: _Toc123628034]13.3	Timers of A2X PC5 unicast link management procedures
Table 13.3.1: A2X PC5 unicast link management timers
	TIMER NUM.
	TIMER VALUE
	CAUSE OF START
	NORMAL STOP
	ON 
EXPIRY

	Txxxx
	8s 
NOTE 1
	Upon sending an A2X DIRECT LINK ESTABLISHMENT REQUEST message
	Upon receiving an A2X DIRECT LINK ESTABLISHMENT ACCEPT or A2X DIRECT LINK ESTABLISHMENT REJECT message from the target UE if the Target user info is included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message
	Retransmission of A2X DIRECT LINK ESTABLISHMENT REQUEST message if the Target user info is included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message; or
may abort the ongoing procedure if the Target user info is not included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message

	Taaaa
	5s
	Upon sending an A2X DIRECT LINK MODIFICATION REQUEST message
	Upon receiving a A2X DIRECT LINK MODIFICATION ACCEPT or A2X DIRECT LINK MODIFICATION REJECT or A2X DIRECT LINK RELEASE REQUEST message from the target UE
	Retransmission of A2X DIRECT LINK MODIFICATION REQUEST message

	Tcccc
	5s
	Upon sending an A2X DIRECT LINK RELEASE REQUEST message
	Upon receiving an A2X DIRECT LINK RELEASE ACCEPT message from the target UE
	Retransmission of A2X DIRECT LINK RELEASE REQUEST message

	Tbbbb
	Default 10m
NOTE 2
	Upon receiving a Maximum inactivity period in an A2X DIRECT LINK KEEPALIVE REQUEST message, receiving a PC5 signalling message or receiving PC5 user plane data
	Upon receiving a PC5 signalling message or PC5 user plane data
	Either initiate the A2X PC5 unicast link keep-alive procedure or the A2X PC5 unicast link release procedure

	Tzzzz
	2s
	Upon sending an A2X DIRECT LINK AUTHENTICATION REQUEST message
	Upon receiving an A2X DIRECT LINK AUTHENTICATION RESPONSE or A2X DIRECT LINK AUTHENTICATION REJECT message from the target UE
	Retransmission of A2X DIRECT LINK AUTHENTICATION REQUEST message

	Tyyyy
	NOTE 2
	Upon establishing an A2X PC5 unicast link and at least one of A2X service identifier for the A2X PC5 unicast link satisfying the privacy requirements or 
upon completing an A2X PC5 unicast link identifier update and at least one of A2X service identifiers for the A2X PC5 unicast link satisfying the privacy requirements.
	Upon completing an A2X PC5 unicast link identifier update and if available or accepting a A2X DIRECT LINK IDENTIFIER UPDATE REQUEST message or upon an A2X PC5 unicast link release and if available
	Transmission of A2X DIRECT LINK IDENTIFIER UPDATE REQUEST message

	NOTE 1	If the Target user info is not included in the A2X DIRECT LINK ESTABLISHMENT REQUEST message, then the initiating UE may keep the timer Txxxx running upon receiving A2X DIRECT LINK ESTABLISHMENT ACCEPT message.
NOTE 2	The value of this timer is the privacy timer value which is one of the configuration parameters for A2X communication over PC5 (see clause 5.2) and it is specified in 3GPP TS 24.578 [8] clause 5.3.


13.4	Timers of PC5 broadcast mode A2X communication
Table 13.4.1: PC5 broadcast mode A2X communication timers
	TIMER NUM.
	TIMER VALUE
	CAUSE OF START
	NORMAL STOP
	ON 
EXPIRY

	Tdddd
	NOTE 1
	Upon initiating transmission of broadcast mode A2X communication over PC5, as described in clause 6.1.3.2.4.

Upon receiving an indication from upper layers that the application layer identifier has been changed while performing transmission of broadcast mode A2X communication over PC5, as described in clause 6.1.3.2.4.

Upon Tdddd expiration while performing transmission of broadcast mode A2X communication over PC5, as described in clause 6.1.3.2.4.
	Upon stopping transmission of broadcast mode A2X communication over PC5, as described in clause 6.1.3.2.4.
	Change the value of the source layer-2 ID self-assigned by the UE for broadcast mode A2X communication over PC5.

If the A2X message contains IP data, change the value of the source IP address self-assigned by the UE for broadcast mode A2X communication over PC5.

	NOTE 1	The value of this timer is the privacy timer value which is one of the configuration parameters for A2X communication over PC5 (see clause 5.2),
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