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Introduction
RAN#99 approved a (revised) WI for NR UAV [1]. One of the objectives is the following:
	[bookmark: _Hlk129273301][bookmark: _Hlk130294308]3. Specify the support for UAV identification broadcast (BRID) in NR PC5. Support of DAA using the same framework as BRID without DAA specific enhancements can be considered [RAN2]. Note:. UAV use of NR PC5 is to be used only in designated bands as defined in regulation for BRID/DAA use. 


 
RAN#99 also approved a parallel WI for LTE UAV [2], where one of the objectives is the following, which is in essence similar to that of NR:
	1. Specify the support for UAV identification broadcast (BRID) in LTE PC5. Support of DAA using the same framework as BRID without DAA specific enhancements can be considered [RAN2]. Note: UAV use of LTE PC5 is to be used only in designated bands as defined in regulation for BRID/DAA use. 



[bookmark: _Toc131680202]Based on TR 23.700-58 section 8.2 and 8.3, SA2 conclusions proposed to progress to normative phase PC5-based solutions for the Broadcast Remote ID (BRID) and Detect And Avoid (DAA) in accordance with solution #5 in the SA2 TR. 
From RAN2 point of view, to enable PC5-based BRID and DAA, at least the following would be needed to be specified by RAN2:
· Configuration of parameters for A2X communication for the required scenarios
· Procedures for A2X communication over PC5 reference point.
· UE capability signaling

RAN2#121 discussed and agreed the following:
Agreements:
-	PC5-U is used to support BRID for UAV
-	Support both in-coverage and out-of-coverage scenarios
-	Mode 2 will be supported.  FFS whether further mode 1 will be supported.  
-	FFS whether separate pools are needed 
-	FFS whether current configurations can support UAV requirements 
RAN2#121bis-e discussed and agreed the following:
Agreements:
1. DAA can be supported using the same framework as used for BRID transmission over the LTE and NR PC5 interface, without any specific enhancements. 
2. LTE PC5 Mode-4 resource allocation is supported, and LTE PC5 Mode-3 is not supported 
3. NR PC5 mode-1 is not supported 
4. For LTE PC5, we will follow the NR PC5 framework agreements, unless explicitly identified e.g. a strong technical reason
5. RAN2 assumes that BRID and DAA services will be delivered on a frequency designated by regulators
6. As a baseline, we will use the existing V2X QoS framework.  FFS whether different resource pools are needed for UAV services  
7. No further enhancement on PC5 range for A2X broadcast services will be pursued in this release
8. We will not investigate interference for BRID and DAA broadcast
RAN2#123 agreed the following:
	Agreements:
1. Unicast-based DAA can be supported in Rel-18, but only if its introduction does not require additional RAN2 work besides defining a capability (if needed)
1. RAN2 will support (pre-) configured separate SL resource pool for BRID and DAA broadcast 


RAN2#123bis agreed:
	Agreements:
1. Configure the separate resource pools one-level higher on SL-BWPPoolConfigCommon/SL-BWPPoolConfig. Adopt the TP for 38.331.
1. Add additional flag to indicate whether the pool is for BRID, DAA, or both (check if this introduces a problem)



Height dependent SL transmission configuration 
RAN2 agreed “RAN2 will support (pre-) configured separate SL resource pool for BRID and DAA broadcast”. RAN2 also agreed that PC5 mode 2 will be supported. 
Note that for V2X, different (pre)configurations for PSSCH transmission parameters for different speed are currently supported. For low speed and high speed, PSSCH transmission parameters including MCS, sub-channel number, retransmission number, max power can be separately (pre)configured. 
SL-PSSCH-TxConfigList-r16 ::= SEQUENCE (SIZE (1..maxPSSCH-TxConfig-r16)) OF SL-PSSCH-TxConfig-r16
 
SL-PSSCH-TxConfig-r16 ::=        SEQUENCE {
    sl-TypeTxSync-r16                SL-TypeTxSync-r16             OPTIONAL,    -- Need R
    sl-ThresUE-Speed-r16             ENUMERATED {kmph60, kmph80, kmph100, kmph120,
                                                kmph140, kmph160, kmph180, kmph200},
    sl-ParametersAboveThres-r16      SL-PSSCH-TxParameters-r16,
    sl-ParametersBelowThres-r16      SL-PSSCH-TxParameters-r16,
    ...,
    [[
    sl-ParametersAboveThres-v1650    SL-MinMaxMCS-List-r16         OPTIONAL,    -- Need R
    sl-ParametersBelowThres-v1650    SL-MinMaxMCS-List-r16         OPTIONAL     -- Need R
    ]]
}
[bookmark: _Toc131681595][bookmark: _Toc131681863][bookmark: _Toc131684494][bookmark: _Toc131717998][bookmark: _Toc134545197][bookmark: _Toc134545292][bookmark: _Toc134606813][bookmark: _Toc134737888][bookmark: _Toc134738000][bookmark: _Toc134738666][bookmark: _Toc142480649][bookmark: _Toc142577482][bookmark: _Toc142600515][bookmark: _Toc146750310][bookmark: _Toc146821617][bookmark: _Toc149838624][bookmark: _Toc149852358][bookmark: _Toc149857395][bookmark: _Toc149859571]V2X supports speed dependent SL transmission configuration.
For UAVs, different heights result in varying channel conditions and interference impact. Therefore, different configurations of PSSCH transmit parameters for different UE heights should be supported. For example, for a UAV flying in the air, the PSSCH may be restricted to transmit periodic short messages with lower TBS (e.g., BRID/DAA) using limited number of subchannels, reducing the strong LOS interference; for a UAV on the ground, it is more similar to terrestrial UEs, PSSCH is allowed to transmit contiguous messages with larger TBS (e.g., video or software updating, etc.) using more subchannels. Whether to support only one height threshold (and consequently one configuration below and one above threshold) or multiple height thresholds/ranges can be discussed.
[bookmark: _Toc142577483][bookmark: _Toc142600516][bookmark: _Toc146750311][bookmark: _Toc146821618][bookmark: _Toc149838625][bookmark: _Toc149852359][bookmark: _Toc149857396][bookmark: _Toc149859572]UAVs flying in the air and on the ground may need different restriction for SL transmission configuration.
[bookmark: _Toc131681600][bookmark: _Toc131681868][bookmark: _Toc131684499][bookmark: _Toc131718003][bookmark: _Toc134545202][bookmark: _Toc134545295][bookmark: _Toc134606816][bookmark: _Toc134737891][bookmark: _Toc134738003][bookmark: _Toc134738006][bookmark: _Toc134738669][bookmark: _Toc142480651][bookmark: _Toc142480750][bookmark: _Toc142577487][bookmark: _Toc142600520][bookmark: _Toc146750314][bookmark: _Toc146821621][bookmark: _Toc149838628][bookmark: _Toc149852360][bookmark: _Toc149857398][bookmark: _Toc149859574]Height-dependent SL transmission configuration for A2X is supported.

UE capability for A2X communication
Note that:
· A2X includes at least BRID and DAA
· A2X uses PC5 based communication, also known as SL (sidelink) which is also basis for V2X.
Existing SL/Discovery/Communication/V2X capabilities
Release 12/13 introduced D2D sidelink discovery and communication related UE categories as well as UE capabilities to LTE. See TS 36.306 for more information.
· New UE categories: ue-CategorySL-C-RX, ue-CategorySL-C-Tx, ue-CategorySL-D.
· New Sidelink capability parameters: commSupportedBandsPerBC-r12, commSupportedBands-r12, commSimultaneousTx-r12, discSupportedBands-r12, discScheduledResourceAlloc-r12, disc-UE-SelectedResourceAlloc-r12 disc-SLSS-r12 etc. (See 4.3.21.x in TS 36.306) 
If a UE supports sidelink communication on at least one band, the UE shall support:
· sidelink communication transmission based on UE autonomous resource selection, 
· eNB scheduled resource allocation, 
· ProSe Per Packet Priority (PPPP) handling 
· out of coverage sidelink discovery
· 16 sidelink processes (8 for V2X) for reception of SL-SCH.

TS 36.300 states the following: Support of V2X services via PC5 interface is provided by V2X sidelink communication as specified in TS 23.285 and/or NR sidelink communication as specified in TS 23.287, which are modes of communication whereby UEs can communicate with each other directly over the PC5 interface.
Rel-14/15/16 added a host of SL capabilities related to V2X, e.g. zoneBasedPoolSelection-r14 v2x-HighReception-r14 v2x-eNB-Scheduled-r14 ue-AutonomousWithFullSensing-r14 ue-AutonomousWithPartialSensing-r14 etc.
Similarly, NR sidelink capabilities are captured in TS 38.306 where there are several upper layer capabilities and dozens of PHY layer capabilities. E.g.,
· Upper layer: outOfOrderDeliverySidelink-r16, am-WithLongSN-Sidelink-r16, um-WithLongSN-Sidelink-r16, drx-OnSidelink-r17, lcp-RestrictionSidelink-r16 etc. 
· PHY: p0-OLPC-Sidelink-r17, supportedBandCombinationListSidelinkEUTRA-NR-r16, supportedBandCombinationListSidelinkNR-r16, sl-Reception-r16, sl-TransmissionMode1-r16, sl-TransmissionMode2-r16, sync-Sidelink-r16 etc.
UE capabilities for A2X
Now, it is clear that there are many capability indication parameters already available in the specification. However, several aspects need to be investigated, such as: 
1. should support of A2X be mandatory for all UAVs?
2. should support of NR SL be mandatory to support A2X?
3. should support of V2X be mandatory to support A2X? 
4. can the V2X capabilities be reused, or do we need new capabilities?

In the 38.306 running CR (latest version in R2-2310936), the support of SL dedicated resource pool is captured as shown below:
[bookmark: _Toc46488697][bookmark: _Toc52574118][bookmark: _Toc52574204][bookmark: _Toc139146831]4.2.16.1.1	Sidelink General Parameters
	[bookmark: _Hlk146379383]Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2
DIFF

	[bookmark: _Hlk146379374]sl-A2X-Service-r18
This field defines whether the UE supports dedicated resource pool for A2X service as specified in TS 38.331 [9]. 
	UE
	No
	No
	No



However, the above is not sufficient. Since this is about support of dedicated SL resource pool for A2X, the granularity cannot be at the per UE level. It is understood in Rel-17 there is no SL-CA, however sidelink CA is being defined in Rel-18. RAN1 is currently discussing the SL-CA feature granularity and it is expected the capability will be per FS.  
Secondly, the dedicated resource pool can be for BRID only, for DAA only, or both. Consequently, a UE may support SL dedicated resource pool only for BRID, or only for DAA or both. Therefore, the candidate values for this capability should be ‘brid’, ‘daa’, and ‘bridAndDAA’.
[bookmark: _Toc149857397][bookmark: _Toc149859573]Per UE single bit capability for SL dedicated resource pool support for A2X is not sufficient.
[bookmark: _Toc149857399][bookmark: _Toc149859575]sl-A2X-Service-r18 capability (support of dedicated resource pool for A2X service) is per FS, with ENUMERATED candidate values ‘brid’, ‘daa’ and ‘bridAndDAA’.
Further, it should be noted that support of PC5-based BRID and/or DAA may not be mandatory in all regions (i.e., it depends on regional regulations). Therefore, it should be optional for the UAV to support PC5-based BRID and/or DAA functionality. Additionally, a UE may support BRID only or DAA only or both on a per FS basis (i.e., may not support doing BRID/DAA in all FSes).
[bookmark: _Toc142480652][bookmark: _Toc142480747][bookmark: _Toc142577484][bookmark: _Toc142600517][bookmark: _Toc146750312][bookmark: _Toc146821619][bookmark: _Toc149838629][bookmark: _Toc149852361][bookmark: _Toc149857400][bookmark: _Toc149859576]It is optional for UAV to support PC5-based BRID and/or DAA. The capability indication is per FS, with ENUMERATED candidate values ‘brid’, ‘daa’ and ‘bridAndDAA’.


For the second question above, it may initially look straightforward to say it should be conditional mandatory for A2X supporting UEs to support NR SL. However, at a closer look, we can see that supporting NR SL means mandatory support of at least the following (based on CY indication in the capability table in 38.306), some of which may or may not be relevant to A2X.
· sl-Reception-r16:  indicate NR SL rx support. Mandatory for NR SL UE
· sl-TransmissionMode1-r16: mandatory for NR SL UE supporting licensed spectrum (gNB operated/managed)
· sl-TransmissionMode2-r16: mandatory for NR SL UE
· sync-Sidelink-r16: mandatory for NR SL UE
· congestionControlSidelink-r16: mandatory for NR SL UE
· psfch-FormatZeroSidelink-r16: mandatory for NR SL UE
· csi-ReportSidelink-r16: mandatory for NR SL UE
· sl-openLoopPC-RSRP-ReportSidelink-r16: mandatory for NR SL UE
It is worthwhile to have a closer look on some of the aspects here. 
For example, RAN2 agreed to support only SL Mode 2 for A2X, however, in the above we see that Mode1 is mandatory to be supported if the UE supports licensed spectrum. Imagine a law enforcement unit on the ground or while flying to only collect info on all drones around it may only need to receive all BRID information from other UEs, but may not need to transmit any A2X messages to the other UAVs. For such UE, transmitter functionalities may not be needed, and complexity/cost can be reduced. In such case, several NR SL parameters e.g. sl-TransmissionMode1-r16, sl-TransmissionMode2-r16 etc. may not need to be made conditional mandatory.
As another example, consider a use case of special A2X UE belonging to law enforcement, which may need to be capable of receiving the A2X messages e.g. BRID but not need to transmit any A2X messages (i.e., receive-only); while some other aerial UAV may only need to transmit the BRID but no need to receive any A2X messages (i.e., transit-only). It seems unnecessary to mandate the transmit-only UE to support sl-Reception-r16. Also, there is no feedback for broadcast BRID/DAA, then it seems not necessary to mandate the UE to support psfch-FormatZeroSidelink-r16. As noted above, RAN2 agreed to support BRID/DAA using SL Mode-2. According to 38.300, the SL UE in Mode 2 can support partial sensing-based resource allocation and random resource selection as power saving resource allocation methods. A SL mode 2 TX resource pool can be (pre)configured to allow full sensing only, partial sensing only, random selection only, or any combination(s) thereof. So, UEs in this mode may do random resource selection based on pre-configuration, and can avoid supporting even partial or full sensing, reducing the complexity and cost. On the other hand, some UEs which need to only support transmission functions may have capability of performing (full or partial) sensing for A2X resource selection, but no other receive functionality.
For the third and fourth questions, V2X and A2X have different use case scenarios. It may not be reasonable to always mandate UAV to support V2X features as a prerequisite of supporting A2X. 
Therefore, RAN2 should discuss these potential use cases and decide how to define and specify A2X capability signalling for UAVs.
[bookmark: _Toc142480653][bookmark: _Toc142480748][bookmark: _Toc142577485][bookmark: _Toc142600518][bookmark: _Toc146750313][bookmark: _Toc146821620][bookmark: _Toc149838630][bookmark: _Toc149852362][bookmark: _Toc149857401][bookmark: _Toc149859577]Discuss potential A2X use cases (e.g., receive-only, transmit-only) and decide how to define and specify A2X capability signalling for UAVs.

Summary
In this contribution, we discussed on PC-5 based transmission of BRID and DAA and made the following observations:
Observation 1.	V2X supports speed dependent SL transmission configuration.
Observation 2.	UAVs flying in the air and on the ground may need different restriction for SL transmission configuration.
Observation 3.	Per UE single bit capability for SL dedicated resource pool support for A2X is not sufficient.

Based on the discussion and observations, we propose:
Proposal 1.	Height-dependent SL transmission configuration for A2X is supported.
Proposal 2.	sl-A2X-Service-r18 capability (support of dedicated resource pool for A2X service) is per FS, with ENUMERATED candidate values ‘brid’, ‘daa’ and ‘bridAndDAA’.
Proposal 3.	It is optional for UAV to support PC5-based BRID and/or DAA. The capability indication is per FS, with ENUMERATED candidate values ‘brid’, ‘daa’ and ‘bridAndDAA’.
Proposal 4.	Discuss potential A2X use cases (e.g., receive-only, transmit-only) and decide how to define and specify A2X capability signalling for UAVs.
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