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1 Introduction
In RAN1 #93 meeting [1], UE capability for eV2X was discussed and some agreements were made. Based on these agreements, this contribution discusses the standard impacts that are needed to introduce UE capability for eV2X in TS 36.306 and TS 36.331. Two corresponding CRs are available in [2] and [3] to implement the proposed changes to TS 36.306 and TS 36.331 respectively, based on the discussion of this contribution. 
2 Discussion
RAN1 agreements made by far mainly lead to impacts on the UE sidelink category which bring changes to TS 36.306, and impacts on Sidelink parameters in UE capability reporting which cause changes to both TS 36.331 and TS 36.306. Impacts on these two aspects are discussed below respectively. 
2.1 Impacts on UE sidelink category
With respect to ue-CategorySL-C, RAN1 agreed to introduce some new categories for eV2X, and the related agreements are cited in Appendix A [1]. In Rel-14 V2X, only 20 MHz aggregated BW is considered for both TX and RX, so only one sidelink UE category, i.e. SL-C Category 2, which incorporates RX and TX parameters (both for 20 MHz BW) is specified in the current TS 36.306.

Table 2-1: ue-CategorySL-C in the existing TS 36.306 [4]

	Table 4.1B-1: Reception and transmission physical parameter values set by ue-CategorySL-C

UE SL-C Category

Maximum number of SL-SCH transport block bits received within a TTI 

Maximum number of bits of a SL-SCH transport block received within a TTI

Maximum number of SL-SCH transport block bits transmitted within a TTI
Maximum number of bits of a SL-SCH transport block transmitted within a TTI
Maximum number of supported layers for spatial multiplexing in SL-C
SL-C Category 1
25456
25456
25456

25456

1

SL-C Category 2

31704

31704

31704

31704

1




From those RAN1 agreements in Appendix A, however, it can be observed that more than one aggregated BWs, i.e. 20 MHz and 30 MHz, are further supported for TX and RX in Rel-15, instead of only one aggregated BW supported as in Rel-14. Considering that the aggregated BW supported for TX/RX can be independent of each other depending on the UEs' TX/RX RF capabilities respectively, it is more appropriate to specify UE sidelink TX/RX category separately for Rel-15 eV2X, i.e. SL-C-TX Category/SL-C-RX Category, as in RAN1 agreements, instead of still incorporating them in one table as in the current specification. 
Moreover, with the support of 64QAM reception being mandatory for Rel-15 UEs as per following RAN1 agreements [5], each SL-C-RX Category needs to be specified to support 64QAM reception for a specific RX aggregated BW to support 64QAM reception. By contrast, with the support of 64QAM transmission being optional for Rel-15 UEs, each SL-C-TX Category is specified to support 16QAM and 64QAM transmission respectively for a specific TX aggregated BW. 
Table 2-2: RAN1 agreements on the support of 64QAM reception and transmission [5]
	· Support of 64QAM reception is mandatory for Rel-15 UEs supporting rate matching feature. Support of 64QAM transmission is optional for Rel-15 UEs supporting rate matching feature.


Based on above discussions, the following proposal is first given on how to specify the UE sidelink category for Rel-15 eV2X.  

Proposal 1: For Rel-15 eV2X, UE sidelink category should be specified for TX and RX separately (i.e. SL-C-TX Category and SL-C-RX Category). Each SL-C-TX Category is specified to support 16QAM and 64QAM transmission respectively for a TX aggregated BW (20 or 30 MHz), and each SL-C-RX Category is specified to support 64QAM reception for a specific RX aggregated BW (20 or 30 MHz).
From RAN1 agreements in Appendix A, we can obtain some further information as follows:
· It is first observed that the combination of SL-C-TX Category 1 and SL-C-RX Category 1 in RAN1 agreements is just the SL-C Category 1 in the existing TS 36.306 for sidelink communication. So, the SL-C-TX Category and SL-C-RX Category as agreed by RAN1 in the Appendix A can also cover the sidelink communication case, with a clarification of "SL-C-TX Category 1 and SL-C-RX Category 1 shall be supported, if the UE supports sidelink communication" in place. 
· It is then observed that the combination of SL-C-TX Category 2 and SL-C-RX Category 2 in RAN1 agreements below is just the SL-C Category 2 in the current TS 36.306, and thus can cover also Rel-14 V2X sidelink communication. However, it is questionable whether SL-C-RX Category 2 is really needed for the UE sidelink category in this release, as the support of 64QAM reception is mandatory for Rel-15 UEs as per RAN1 agreements, which means that a UE capability that supports only 16 QAM reception as in SL-C-RX Category 2 is not allowed in this release. This needs to be clarified by RAN2. 
As per above discussions, therefore, a feasible way to introduce UE sidelink category for Rel-15 eV2X is to replace the SL-C Category in the existing TS 36.306 with the SL-C-TX Category and SL-C-RX Category agreed by RAN1 in Appendix A, and clarify that "the UE shall support SL-C-TX Category 1 and SL-C-RX Category 1, if it supports sidelik communication". Also, it should be further discussed whether SL-C-RX Category 2 (which applies only to 16QAM reception) is needed or not.
Proposal 2: Replace the SL-C Category in the existing TS 36.306 with the separate SL-C-TX Category and SL-C-RX Category as agreed by RAN1, and specify that "if a UE of this release supports sidelink communication, the UE shall support SL-C-TX Category 1 and SL-C-RX Category 1". 
Proposal 2a: RAN2 to discuss whether SL-C-RX Category 2 which only supports 16QAM reception is still needed in this release. 
2.2 Impacts on sidelink parameters in UE capability reporting
RAN1 agreed the UE capabilities that need to be introduced for Rel-15 eV2X, as in Appendix B, and some of these capabilities may further need to result in new sidelink parameters in UE capability reporting. 
Specifically, as seen from Appendix B, some UE capabilities, including Support of 64-QAM RX, Support of rate matching and TBS scaling and Support of low T2 min, are marked as Mandatory for Rel-15 eV2X UEs., which means that Rel-15 UE supporting eV2X must also support these features as per the requirement of the specification. Since a Rel-15 UE will report its Access Stratum release in the UE capability reporting and its interests in V2X SL communication in Sidelink UE information, the eNB can knows accordingly that the UE is a Rel-15 UE supporting eV2X and definitely supports above listed capabilities. To this end, those capabilities listed as mandatory for Rel-15 eV2X by RAN1 do not need to be reported to the eNB in UE capability reporting. 

Observation 1: The eNB can know that a UE is a Rel-15 UE supporting eV2X by the Access stratum release in UE capability reporting and its interests in V2X sidelink communication indicated by the UE in Sidelink UE information; then the eNB can automatically know that the UE supports those capabilities marked as mandatory for eV2X by RAN1. 
Proposal 3: Those capabilities marked as mandatory for eV2X by RAN1 (i.e. Support of 64-QAM RX, Support of rate matching and TBS scaling and Support of low T2 min) do not need to be introduced in UE capability reporting. 
By contrast, those marked as Optional by RAN1 definitely need to be reported to the eNB via UE capability reporting, as the eNB needs them for the the UE-specific configurations based on each UE's actual capability. Also, the support of transmit diversity is now marked as "pending RAN4 specification" by RAN1. According to RAN4 specification, it seems that transmit diversity should be a feature optionally supported by the UE, as the term "For V2X UE supporting Transmit Diversity" is used in many places in [6]; therefore, the support of transmit diversity may also need to be informed to the eNB.  So we propose to add those UE capabilities optionally equipped by the UEs for Rel-15 eV2X in the UE capability reporting. 
Proposal 4: Introduce those capabilities marked as optional for eV2X by RAN1 (i.e. Support of enhancements to resource allocation with CA, Support of synchronization enhancements for CA with single/multiple carrier SLSS transmission and Support of 64-QAM TX) as well as the capability to support transmit diversity as new sidelink parameters in UE capability reporting . 
In addition to what was agreed by RAN1, RAN4 also informed RAN2 to introduced a new channel bandwidth class C1 for Band 47 for Rel-15 eV2X [7]. This new bandwidth class needs to be added in the IE V2X-BandwidthClassSL included in the UE capability reporting. 
Proposal 5: Add a new bandwidth class, i.e. C1, in the V2X-BandwidthClassSL within the UE capability reporting. 
3 Conclusion
This contribution discusses the impact to TS 36.306 due to the introduction of UE capability for eV2X. The observation and proposal are as follows:

Observation 1: The eNB can know that a UE is a Rel-15 UE supporting eV2X by the Access stratum release in UE capability reporting and its interests in V2X sidelink communication indicated by the UE in Sidelink UE information; then the eNB can automatically know that the UE supports those capabilities marked as mandatory for eV2X by RAN1. 
Proposal 1: For Rel-15 eV2X, UE sidelink category should be specified for TX and RX separately (i.e. SL-C-TX Category and SL-C-RX Category). Each SL-C-TX Category is specified to support 16QAM and 64QAM transmission respectively for a TX aggregated BW (20 or 30 MHz), and each SL-C-RX Category is specified to support 64QAM reception for a specific RX aggregated BW (20 or 30 MHz).

Proposal 2: Replace the SL-C Category in the existing TS 36.306 with the separate SL-C-TX Category and SL-C-RX Category as agreed by RAN1, and specify that "if a UE of this release supports sidelink communication, the UE shall support SL-C-TX Category 1 and SL-C-RX Category 1". 
Proposal 2a: RAN2 to discuss whether SL-C-RX Category 2 which only supports 16QAM reception is still needed in this release. 

Proposal 3: Those capabilities marked as mandatory for eV2X by RAN1 (i.e. Support of 64-QAM RX, Support of rate matching and TBS scaling and Support of low T2 min) do not need to be introduced in UE capability reporting. 
Proposal 4: Introduce those capabilities marked as optional for eV2X by RAN1 (i.e. Support of enhancements to resource allocation with CA, Support of synchronization enhancements for CA with single/multiple carrier SLSS transmission and Support of 64-QAM TX) as well as the capability to support transmit diversity as new sidelink parameters in UE capability reporting . 
Proposal 5: Add a new bandwidth class, i.e. C1, in the V2X-BandwidthClassSL within the UE capability reporting. 
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Appendix A: RAN1 agreements on sidelink UE category for eV2X [1]
Agreements
· TX Parameters

	UE SL-C-TX Category
	Maximum number of SL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of a SL-SCH transport block transmitted within a TTI
	Maximum number of supported layers for spatial multiplexing in SL-C
	Comments

	SL-C-TX Category 1
	25456
	25456
	1
	

	SL-C-TX Category 2
	31704
	31704
	1
	20MHz aggregated BW 16QAM

	SL-C-TX Category 3
	49272
	32856
	1
	30MHz aggregated BW 16QAM

(Applicable for 10MHz+10MHz+10MHz and 10MHz+20MHz)

	SL-C-TX Category 4
	48936
	48936
	1
	20MHz aggregated BW 64QAM

(Applicable for 10MHz+10MHz and 20MHz)

	SL-C-TX Category 5
	73488
	48936
	1
	30MHz aggregated BW 64QAM

(Applicable for 10MHz+10MHz+10MHz and 10MHz+20MHz)


· RX Parameters

	UE SL-C-RX Category
	Maximum number of SL-SCH transport block bits received within a TTI 
	Maximum number of bits of a SL-SCH transport block received within a TTI
	Total number of soft channel bits
	Comments

	SL-C-RX Category 1
	25456
	25456
	
	

	SL-C-RX Category 2
	31704
	31704
	737280
	20MHz aggregated BW 16QAM

	SL-C-RX Category 3
	48936
	48936
	995328
	20MHz aggregated BW 64QAM

(Applicable for 10MHz+10MHz and 20MHz)

	SL-C-RX Category 4
	73488
	48936
	1492992
	30MHz aggregated BW 64QAM

(Applicable for 10MHz+10MHz+10MHz and 10MHz+20MHz)


Appendix B: RAN1 agreements on UE capabilities for eV2X [1]
Agreement
	Features
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Need for gNB to know whether the
feature is supported by the UE
(what happens if gNB does not know?)
	Consequences if the feature
 is not supported by the UE
	Need of FDD/TDD differentiation
	RAN5 implication
	Note
	Responsible WG
	RAN WG recommendation
	TSG-RAN decision

	eV2X
	4-1
	Enhancements to resource allocation with CA
	Resource selection enhancements for UE with limited TX capabilities
	
	Yes
	
	No
	
	
	
	Optional 
	

	
	4.2


	Synchronization enhancements for CA with single carrier SLSS transmission
	
	
	
	
	
	
	
	
	Optional
	

	
	4.3
	Synchronization enhancements for CA with multiple carrier SLSS transmission
	
	
	
	
	
	
	
	
	Optional
	

	
	4-4
	Support of 64-QAM RX
	
	4-6
	
	
	
	
	
	
	Mandatory
	

	
	4-5
	Support of 64-QAM TX
	
	4-6
	
	
	
	
	
	
	Optional
	

	
	4-6
	Support of rate matching and TBS scaling
	
	
	
	
	
	
	
	
	Mandatory
	

	
	4-7
	Support of transmit diversity
	(note: pending RAN4 specification)
	
	Yes
	single antenna port transmission is assumed by the UE
	No
	
	
	
	TBD
	

	
	4-8
	Support of low T2 min
	
	
	Yes
	Radio latency of V2X lower than 20ms cannot be guaranteed
	No
	
	
	
	Mandatory
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