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Introduction
The LTE Rel.15 work item on V2X communication is approaching its successful completion. In order to finalize the work, UE capability needs to be discussed, which is the main scope of this contribution. Our views on other remaining opens are provided in our companion contributions [1]-[5].
[bookmark: _Ref473567845]Summary of Introduced L1 Features
From Layer-1 perspective, the following new UE features were introduced in the LTE Rel.15:
· PSSCH demodulation enhancements
· Rate matching over the last symbol of sidelink subframe
· TBS scaling
· New MCS/TBS table entries – still pending RAN1 decision on specific entries
· Support of 64QAM
· Enhanced synchronization for sidelink CA
· Single synchronization reference for TX/RX across aggregated sidelink CCs
· Aligned sync source priority rules, DFN and SLSS synchronization resources across aggregated sidelink CCs
· Sidelink synchronization carrier (re)-selection
· SLSS transmission across aggregated CCs
· SLSS transmission on single synchronization carrier
· SLSS transmission across multiple synchronization carriers (Set-B sync CCs)
· Mode-3/Mode-4 pool sharing
· SPS period indication in SCI by Mode-3 UEs
· [Mode-3 UE sidelink measurements and reporting - still open for discussion]
· Resource selection latency reduction
· Configurable minimum resource selection window T2min = [10], 20 and its (pre)-configuration based on PPPP
· [SPS = 10ms –  proposed / agreed in RAN2 and subject to further discussion in RAN1]
· Sidelink carrier aggregation for transmission/reception
· Sidelink transmit power allocation across aggregated CCs
· Enhanced resource selection across aggregated CCs in case of limited TX capabilities (exclusion of resources)
· Transparent transmit diversity scheme
· Up to RAN4 to conclude on how/whether it is defined/signaled
Considering that new UE features were introduced, in the next sections we further discuss UE sidelink categories and decoding capabilities and general UE capabilities for the LTE Rel.15 V2X communication.
UE Sidelink Categories
In the LTE Rel.14 specification, the following sidelink categories are described (see Table 1), where SL-C Category 2 corresponds to sidelink V2X communication introduced in the LTE Rel.14.
[bookmark: _Ref513495190][bookmark: _Ref513495200]Table 1: Reception and transmission of 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



Sidelink Transmission and Reception Capabilities
As it can be seen from Table 1, the common sidelink category defines UE transmission and reception capabilities for sidelink communication. SL-C Category 2 defined for LTE V2X was introduced under assumption of single carrier operation. Sidelink carrier aggregation was introduced in Rel.15 and additional band combinations were defined by RAN4 (e.g. 10MHz+10MHz, 20MHz+10MHz, 10MHz+10MHz+10MHz). Therefore, additional UE categories covering CA cases may need to be defined. Furthermore it is assumed that UE might support different aggregated bandwidth for transmission and reception. So, it is obvious that based on UE implementation SL-C category from transmission and reception perspective may be significantly different. Therefore, we propose to separately define UE SL-C Category for TX and RX.
Proposal 1
· Separately define UE SL-C Category for transmission (UE SL-C-TX) and reception (UE SL-C-RX).
In Rel.15, the support of 64-QAM modulation for sidelink communication was introduced. The support of 64QAM transmission and reception is considered to be an optional UE capability. Given that maximum modulation order supported by UE determines the maximum number of bits of a SL-SCH transport block transmitted within a TTI, we suggest to define different categories depending on whether 64QAM is supported by UE from TX/RX perspective. The proposal on maximum number of bits of a SL-SCH transport block within a TTI is provided in Table 2 where in case of 64 QAM we use MCS index 30 / TBS index 29 and apply TBS scaling factor 0.8 assuming 96 PRBs are allocated for PSSCH transmission in case of 20MHz spectrum. Other entries are determined by proportional scaling and finding the nearest TBS.
[bookmark: _Ref513534091]Table 2: Transmission of physical parameter values set by ue-CategorySL-C-TX
	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
	32856+16416
	32856
	1
	30MHz aggregated BW 16QAM
(Applicable for 10MHz+10MHz+10MHz and 10MHz+20MHz)

	SL-C-TX Category 4
	57336
	57336
	1
	20MHz aggregated BW 64QAM
(Applicable for 10MHz+10MHz and 20MHz)

	SL-C-TX Category 5
	57336+28336
	[bookmark: _GoBack]57336
	1
	30MHz aggregated BW 64QAM
(Applicable for 10MHz+10MHz+10MHz and 10MHz+20MHz)



Soft-channel bits
In the LTE Rel.14, the amount of soft channel bits were derived assuming uncoded 16-QAM transmission over 16 parallel RX processes 737280 = 4 (16QAM) ·12 (REs) · 96 (PRBs) · 10 (Symbols) · 16 (Processes). For the LTE R15, similar approach can be used assuming 64QAM but using 9 symbols given that last symbol of subframe is rate-matched. In this case amount of soft channel bits in 20MHz carrier is equal to 6 (64QAM) ·12 (REs) · 96 (PRBs) · 9 (Symb) · 16 (Processes) = 995328. In case of 30MHz aggregated bandwidth, the amount of soft bits will be equal to 1492992. The calculated values on number of soft channel bits are summarized in Table 3 jointly with RX reception parameters.
[bookmark: _Ref513534447]Table 3: Reception of physical parameter values set by ue-CategorySL-C-RX
	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
	32856+16416
	32856
	995328
	30MHz aggregated BW 16QAM

	SL-C-RX Category 4
	57336
	57336
	995328
	20MHz aggregated BW 64QAM
(Applicable for 10MHz+10MHz and 20MHz)

	SL-C-RX Category 5
	57336+28336
	57336
	1492992
	30MHz aggregated BW 64QAM
(Applicable for 10MHz+10MHz+10MHz and 10MHz+20MHz)



Proposal 2
· Adopt UE SL-C-TX and SL-C-RX categories defined in Table 2 and Table 3 respectively.
UE Sidelink Processing Capabilities
In LTE R14, a UE is not expected to attempt to decode more than 20 PSCCHs and 136 RBs in a subframe depending on UE capability (v2x-HighReception-r14). By default UE is not expected to attempt to decode more than 10 PSCCHs and 100 RBs in a subframe depending on UE capability. These UE processing capabilities were defined assuming 20MHz carrier. In case of sidelink CA and considering that minimum carrier bandwidth is 10 MHz the UE capabilities can be scaled according to the aggregated sidelink RX bandwidth. Table 4 represents approach based on scaling of the V2X sidelink processing capabilities based on the RX BW aggregated by the UE. If this approach is agreed then the same processing capability (v2x-HighReception or default) will be applied to all CCs and overall UE processing capabilities will depend only on the RX aggregated bandwidth.
[bookmark: _Ref513535775]Table 4: V2X Sidelink Processing Capabilities – Aggregated RX BW Approach
	Aggregated RX BW, MHz
	V2X High Reception Capability
	V2X Default Reception Capability

	20 (Rel.14)
	20 PSCCHs and 136 RBs
	10 PSCCHs and 100 RBs

	30 (Rel.15)
	30 PSCCHs and 204 RBs
	15 PSCCHs and 150 RBs

	
	
	



The alternative and more flexible approach is to define V2X sidelink processing capabilities for 10MHz and 20MHz CCs and signal whether UE supports high reception capability per CC per band per band combination. In this case signalling of high reception (v2x-HighReception) capability can be signalled per CC. For example, if UE indicates support of 10 and 20 MHz CA, it can indicate whether high reception capability is supported only for CC of 10MHz, 20MHz or both.
[bookmark: _Ref513545790]Table 5: V2X Sidelink Processing Capabilities – Indication per CC
	Aggregated RX BW, MHz
	V2X High Reception Capability
	V2X Default Reception Capability

	10 (Rel.15)
	10 PSCCHs and 68 RBs
	5 PSCCHs and 50 RBs

	20 (Rel.14)
	20 PSCCHs and 136 RBs
	10 PSCCHs and 100 RBs


 
Proposal 3
· Specify V2X sidelink processing (UE decoding) capabilities for 10MHz bandwidth as shown in Table 5.
· Define signalling of v2x-HighReception capability per CC per band per band combination.

UE Sidelink Capabilities
In this section, we finally discuss UE capabilities as we view them according to the L1 features introduced in LTE Rel.15. Our views are summarized in Table 6.
[bookmark: _Ref513538435]Table 6: UE capabilities for LTE R15 Sidelink V2X communication
	Feature Group
	Components
	Prerequisite Feature Groups
	Need for eNB to know
	Responsible WG
	Recommendation

	1-PSSCH enhancements
	1-Rate Matching
2-TBS Scaling
	
	Yes
	RAN1
	Optional. 
Per UE capability signalling.

	2-64QAM
	1-Support of 64-QAM and three new MCS / TBS table entries
	1
	Yes
	RAN1
	Optional
No dedicated UE capability signalling. Part of UE category.

	3-Sidelink Single Carrier SLSS TX
	1-Sync Carrier Selection
2-SLSS Transmission at selected sync carrier
	Support of R14 SLSS TX/RX
	Yes
	RAN1
	Optional
Per UE capability signalling.

	4-Sidelink Multi-Carrier SLSS TX
	1-Sync Carrier Selection
2-Multi-Carrier SLSS Transmission
	3
	Yes
	RAN1
	Optional
Per UE capability signalling.

	5-Sidelink CA RX
	1-Reception across aggregated sidelink CCs
	1
	
	RAN1
	Optional
(Signalling of CA RX band combinations – existing signalling may be sufficient)
Note: RAN2 to discuss whether packet duplication or packet reception from aggregated CCs is separate capability)

	6-Sidelink CA TX
	1-Enhanced resource selection
2-Transmission across multiple CCs
	1, 5
	Yes
	RAN1
	Optional
(Signalling of CA TX band combinations – existing signalling may be sufficient) 
Note: RAN2 to discuss whether packet duplication or packet transmission across CCs is separate capability


	7-Latency of  Resource Selection
	1-Configurable resource selection window duration {10, 20} and dependence on PPPP 
[2-Support of 10ms SPS by Mode-3 UEs – TBD in RAN1]
	R14 Mode-4 Support w/ Full Sensing
	Yes
	RAN1
	Optional
Per UE capability signalling.

	8-Pool sharing
	1-Indication of SPS period by Mode-3 UEs
[2-Mode-3 UE sidelink measurements and reporting, if it is finally agreed – TBD in RAN1/RAN2]
	R14 Mode-3 Support
	Yes
	RAN1
	Optional.
Per UE capability signalling.

	9 – PSSCH and PSCCH Transparent Transmit Diversity
	1 – SD-CDD for PSSCH and PSCCH Transmit Diversity
	
	No
	RAN4
	Optional without UE capability signalling



Proposal 4
· Further discuss and agree on UE capabilities for R15 sidelink V2X communication as proposed in Table 6.

Summary
In this contribution, we have provided our initial views on UE capabilities for LTE R15 V2X communication. In summary, we suggest further discuss and agree on proposals made in this contribution.
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