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1.
Introduction
In this contribution, UE capability aspects for V2X are discussed.
2.
Discussion 
UE category

Currently for sidelink communication operation, the category (SL-C Category) is specified in TS36.306. It is necessary to discuss whether a new category or the existing category (i.e. SL-C Category 1) is also used for V2X sidelink communication. Since RAN1 has made the following agreements and the defined characteristics below are different from one of the SL-C Category 1, a new sidelink category needs to be introduced for V2X sidelink communication.
	· Remove the bracket and confirm the followings:

· The maximum number of sidelink transport block bits received within a TTI is set to [31704].

· The maximum number of bits of a single sidelink transport block is [31704].

· The total SL soft buffer size is 737280


Though RAN1 does not explicitly define ‘Maximum number of SL-SCH transport block bits transmitted within a TTI’ and ‘Maximum number of bits of a SL-SCH transport block transmitted within a TTI’ for V2X sidelink communication, it is regarded reasonable to define them as having the same value as the maximum number of sidelink transport block bits received within a TTI and the maximum number of bits of a single sidelink transport block respectively.

Proposal 1 Introduce a new SL-C Category 2 with ‘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’ and ‘Maximum number of bits of a SL-SCH transport block transmitted within a TTI’ set to 31704 and ‘Maximum number of supported layers for spatial multiplexing in SL-C’ set to 1.
Soft buffer size

According to RAN1 agreement, it was agreed in the last meeting that ‘The total SL soft buffer size is 737280’. There was no capability regarding soft buffer size for sidelink operation. Hence, it is necessary to describe that ‘If a UE supports V2X sidelink communication, the UE shall support layer 2 buffer sizes 737280 bits.’ 
Proposal 2 Introduce a description ‘If a UE supports V2X sidelink communication, the UE shall support layer 2 buffer sizes 737280 bits.’ 
Number of RX chain
Regarding reception of inter-PLMN V2X messages via Uu, SA1 and SA2 send reply LSs. According to SA1 reply LS [1], it is stated that 

	For Uu operation, the application server should be responsible for disseminating V2X messages to all relevant PLMNs. SA1 understands that RAN2 identified a special case where the UE would potentially need to be connected to two PLMNs: if a given PLMN shares its V2X services with other PLMNs in the area, the UE may need to receive data from its own PLMN and plus V2X messages from the PLMN that is providing the V2X services. This could especially happen across countries boarders. 3GPP SA1 has not specified explicit 3GPP service requirements to support this in V2X. The current assumption is that the UE will always connect to a single PLMN at a point in time, and that PLMN provides V2X and non-V2X services to the UE.


According to SA2 reply LS [2], it is stated that

	In TS 23.285, SA2 provides the architecture support to allow inter-PLMN V2X operation without requiring V2X message reception from other PLMN via Uu.


From SA1 and SA2 LSs, the baseline solution for receiving inter-PLMN V2X messages via Uu is that V2X application server of one PLMN forwards the received V2X messages to V2X application server of other PLMNs so that the UE could receive V2X messages of other PLMNs via Uu of serving PLMN. This solution is applicable for V2X UE with limited capability for receiving different frequencies. If there is additional receiver for Uu reception in the UE, it is possible that the UE receives multiple MBMS carriers from different PLMNs/frequencies. 

In addition, according to SA1 reply LS, if the UE selects one PLMN for reception of V2X messages, the PLMN should provide non-V2X services as well. Hence, the UE does not need to receive multiple frequencies of multiple PLMNs for receiving each services. 

Since for Uu, the chain for normal Uu service is reused for V2X, it is not necessary for the V-UE to have additional Rx chain for Uu reception for V2X.
Observation) UE is not required to have additional Rx chain for Uu reception for V2X.

Regarding reception of inter-PLMN V2X messages via PC5, SA1 send reply LS. According to SA1 reply LS [1], it is stated that

	For PC5 interface, in any given region and point in time, different PLMNs should share the same carrier for V2X communication. RAN2 should consider if it is necessary to support a second carrier for the purposes of handling countries boarders and/or to provide redundancy for safety-messages. Moreover, as there may be other services provided by a PLMN that may require communication over the PC5 interface (for instance, location based services, or other non-safety V2X services), the UE may need to support another carrier for these other services. Therefore, the recommendation from SA1 is that, for the PC5 interface, the UE should support one carrier for V2X safety services and optionally support a second carrier for redundancy of V2X services and / or, non-safety and supplementary services.


SA1 recommends that UE should support one carrier for V2X safety services. It means that the UE is required to have one receiver chain for reception of V2X safety messages via PC5. Furthermore, in Rel-14, RAN4 is specifying 2 inter-carrier con-current V2X operating bands via PC5 and Uu interface. For PC5, since reception in only intra-band is supported, it may be enough for the UE to have one additional Rx chain for V2X sidelink communication in this release. Also note it is not mandatory to receive from all SL carriers.
Proposal 3 No additional Rx chain is required for V2X message reception via Uu in this release.
Proposal 4 The UE is required to have one Rx chain for PC5-based V2X in this release.
Supported band
In the existing sidelink communication, only one frequency is assumed to be used at a time. However, there is no such limitation in V2X so that it is necessary to support simultaneous reception of multiple frequencies for V2X and transmission in multiple frequencies. It was also agreed to enhance legacy ProSe capability signalling to multi-carrier sidelink V2V operations since transmissions/receptions in multiple frequencies is possible. Hence, it is necessary to signal supported V2X band combinations for reception and transmission for each E-UTRA band combination. Since the number of Rx chains and Tx chains for sidelink can be different, it is necessary to signal separately for transmission and reception. For each band combination, it is also necessary to signal bandwidth class newly introduced in RAN4, which is similar to CA.
Proposal 5 Introduce the capability signalling for the followings.

a) The PC5 band combination for one Uu band combination for simultaneous transmission

b) The bandwidth class for PC5 band combination for one Uu band combination for simultaneous transmission

c) The PC5 band combination for one Uu band combination for simultaneous reception

d) The bandwidth class for PC5 band combination for one Uu band combination for simultaneous reception.
Capability for V2X features
Regarding features adopted in V2V and V2X WI, the table below shows specified features in V2V/X WI with need of capability signalling for each feature. Since capabilities for some of features are already defined in RAN1[1] (also shown in Annex), only remaining RAN2 related features are discussed in the table below.
Table 1: V2X features for sidelink and Uu interface
	No.
	Feature
	Justification for capability

	1
	Zone based UE autonomous resource pool selection.
	Since RAN2 agreed ‘It is not mandatory for P-UEs to support zone-based resource selection.  The UE reports whether it supports zone-based resource selection.  This is reported in UE capability’. Hence, it is necessary to have additional capability signalling for this feature. Since we think this capability is not different depending on the band, it is enough to define this as per-UE capability.

	2
	Assistance information reporting for UL SPS and performing multiple UL SPS
	Without this feature, the network is able to dynamically schedule the uplink transmission. This seems to be sort of optimization. In addition, this could be used for other uplink transmission. Hence, we think this is regarded as optional feature for V2X so that additional capability signalling is necessary. Since we think this capability is not different depending on the band, it is enough to define this as per-UE capability.

	3
	GNSS based synchronization
	In a V2X dedicated carrier signalling, currently only GNSS based synchronization is applicable. Synchronization works only when all UEs follows GNSS based synchronization. No capability signalling is required for this feature.

	4
	Prioritization between UL and SL
	Receiving the PPPP threshold value and prioritizing SL/UL based on the threshold is regarded essential feature for guaranteeing QoS of SL and UL. With this reasoning, no additional capability signalling is necessary for this feature.


Proposal 6 Introduce additional per-UE capability signalling for zone based pool selection for P-UE.
Proposal 7 Introduce additional per-UE capability signalling for assistance information reporting for UL SPS/performing multiple UL SPS.
One issue which needs further discussion is related to CBR capability. RAN1 agreed to have one capability for 1) UE can report CBR measurement to eNB and 2) UE can adjust its radio parameters based on CBR measurement. However, while P-UE does not perform CBR measurement reporting, the P-UE may perform tx parameter adaptation based on CBR though it is FFS whether CBR value is provided or one specific set of tx parameters is provided. If RAN2 agree to provide CBR value and for P-UE to adapt tx parameters, it is necessary to separate the capability for Sidelink congestion control into CBR measurement/reporting and tx parameter adaptation with CBR.
Proposal 8 Discuss whether to separate the capability for CBR measurement/reporting and tx parameter adaptation based on CBR.
3.
Conclusion
In this contribution, it is addressed on UE capability for V2X sidelink communication and V2X via Uu and the followings are proposed.
Proposal 1 Introduce a new SL-C Category 2 with ‘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’ and ‘Maximum number of bits of a SL-SCH transport block transmitted within a TTI’ set to 31704 and ‘Maximum number of supported layers for spatial multiplexing in SL-C’ set to 1.
Proposal 2 Introduce a description ‘If a UE supports V2X sidelink communication, the UE shall support layer 2 buffer sizes 737280 bits.’ 
Proposal 3 No additional Rx chain is required for V2X message reception via Uu in this release.
Proposal 4 The UE is required to have one Rx chain for PC5-based V2X in this release.
Proposal 5 Introduce the capability signalling for the followings.

a) The PC5 band combination for one Uu band combination for simultaneous transmission

b) The bandwidth class for PC5 band combination for one Uu band combination for simultaneous transmission

c) The PC5 band combination for one Uu band combination for simultaneous reception

d) The bandwidth class for PC5 band combination for one Uu band combination for simultaneous reception.
Proposal 6 Introduce additional per-UE capability signalling for zone based pool selection for P-UE.
Proposal 7 Introduce additional per-UE capability signalling for assistance information reporting for UL SPS/performing multiple UL SPS.

Proposal 8 Discuss whether to separate the capability for CBR measurement/reporting and tx parameter adaptation based on CBR.
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Annex
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet or Rel-8/9/10/11/12 features)
	Need for eNB to know whether the
feature is supported by the UE
(what happens if eNB 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

	10-1
	Receiving sidelink mode 3 and 4
	1) UE can receive PSCCH/PSSCH transmitted using sidelink transmission mode 3 and 4 with all resource reservation periods including 20ms and 50 ms.
2) UE can receive 10 PSCCH in a subframe.
3) UE can decode 100 RBs per subframe counting both PSCCH and PSSCH.
	None
	Yes
	UE cannot support receving V2X messages transmitted over sidelink.
	No
	　
	Per band signaling
	RAN1
	Optional

	10-2
	High sidelink reception capability
	1) UE can receive 20 PSCCH in a subframe.
2) UE can decode 136 RBs per subframe counting both PSCCH and PSSCH.
	10-1
	Yes
	PSCCH reception is limited to 10 per subframe. Sum of PSCCH and PSSCH reception is limited to 100 RBs per subframe.
	No
	　
	Per band signaling
	RAN1
	Optional

	10-3
	Transmitting sidelink mode 3
	1) UE can transmit PSCCH/PSSCH using dynamic scheduling and SPS in sidelink transmission mode 3.
2) Maximum transmit power is 23 dBm
	10-12
	Yes
	UE cannot transmit V2X messages using dynamic scheduling in sideilnk transmission mode 3.
	No
	　
	Per band signaling
Note: Random selection in the exceptional pool is supported.
	RAN1
	Optional

	10-4
	Transmitting sidelink mode 4 with full sensing
	1) UE can transmit PSCCH/PSSCH using sidelink transmission mode 4 with full sensing (i.e., continueous channel monitoring).
2) Maximum transmit power is 23 dBm.
	10-1
	Yes
	UE cannot transmit V2X messages using sideilnk transmission mode 4 with full sensing.
	No
	　
	Per UE signaling
Note: Random selection in the exceptional pool is supported.
	RAN1
	Optional

	10-5
	Transmitting sidelink mode 4 with partial sensing
	1) UE can transmit PSCCH/PSSCH using sidelink transmission mode 4 with partial sensing (i.e., channel monitoring in a limited set of subframes).
2) Maximum transmit power is 23 dBm.
	10-1
	Yes
	UE cannot transmit V2X messages using sideilnk transmission mode 4 with partial sensing.
	No
	　
	Per UE signaling
Note: Available only to pedestrian UEs
Note: Random selection in the exceptional pool is supported.
	RAN1
	Optional

	10-6
	Transmitting sidelink mode 4 without sensing
	1) UE can transmit PSCCH/PSSCH using sidelink transmission mode 4 without sensing (i.e., using random resource selection).
2) Maximum transmit power is 23 dBm.
	None
	Yes
	UE cannot transmit V2X message using random resource selection.
	No
	　
	Per band signaling
Note: Available only to pedestrian UEs
	RAN1
	Optional

	10-7
	SLSS for sidelink mode 3 and 4
	1) Support SLSS/PSBCH transmission and reception in sidelink transmission mode 3 and 4
	None
	Yes
	The UE does not support SLSS-based synchronization
	No
	　
	Per band signaling
	RAN1
	Optional

	10-8
	Sidelink congestion control
	1) UE can report CBR measurement to eNB.
2) UE can adjust its radio parameters based on CBR measurement.
	None
	Yes
	Congestion control for PC5-based V2X is not supported.
	No
	　
	Per band signaling
	RAN1
	Optional

	10-9
	Transmitting with shorter resource reservation interval
	1) UE can support 20 ms and 50 ms resource reservation periods in transmitting sidelink transmission mode 3 and 4
	10-3 or 10-4
	Yes
	20 ms and 50 ms resource reservation periods are not supported.
	No
	　
	Per UE signaling
	RAN1
	Optional

	10-10
	Number of TX/RX timing a UE can support 
	1) A UE can support multiple TX/RX timings (counted over all the configured sidelink carriers).
	None
	Yes
	The UE supports only one timing for TX/RX across all the configured sidelink carriers.
	No
	　
	Per UE signaling
	RAN1
	Optional

	10-11
	Multiple UL SPS
	1) Support configurations of multiple UL SPS
2) Support reporting UE assistance information
	None
	Yes
	Dynamic UL SPS configuation change is not supported.
	No
	　
	Per UE signaling
	RAN2
	　

	10-12
	Geo-information report to eNB
	1) UE can report its geo-information to eNB
	None
	Yes
	UE geo-information report is not supported.
	No
	　
	Per UE signaling
	RAN1
	Optional

	10-13
	33 dBm maximum transmit power
	1) Support 33 dBm maximum transmit power for sidelink transmission mode 3 and 4
	At least one of 10-3, 10-4, 10-7
	Yes
	Sidelink transmission power is limited to 23 dBm.
	No
	　
	Per band signaling
Note: RAN1 assumes that this feature is not applicable to pedestrian UEs.
	RAN4
	　

	10-14
	Non-adjacent PSCCH/PSSCH
	1) A UE can support transission and reception in the configuration of non-adjacent PSCCH and PSSCH.
	10-1, 10-3, or 10-6
	Yes
	A UE supports transmission and reception only in the configuration of adjacent PSCCH and PSSCH.
	No
	　
	Per UE signaling
	RAN1
	Optional
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