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1. Introduction 
RAN1 NR Rel-16 UE feature list was updated in [1], and this contribution provides discussions on the 5G V2X WI part including its impact on the LTE UE feature list in [2].

2. Discussion
Basic feature groups
For the sidelink operation outside network coverage, a kind of profiling is necessary so that the UEs participating in a service can have a common set of minimum UE capability especially when the service is based on the broadcast or groupcast where no inter-UE capability signaling via PC5-RRC can be used. Such a common set of minimum UE capability can be defined either by the application layer specifications (like those defined by ETSI ITS or SAE in case of V2X) or by the 3GPP with the introduction of the basic feature groups. If 3GPP agrees that some of these features can be properly included in the UEs via the other SDOs, it is not necessary to define the basic feature group; in fact this was the case in LTE V2X. However, if 3GPP needs to define the basic feature groups, for example, for the reason that there are much wider services for NR sidelink and it is difficult/unproductive to expect proper UE capability profiling in each service, it seems reasonable to include FG 15-1 (receiving NR sidelink), FG 15-3 (transmitting NR sidelink mode 2), FG 15-4 (GNSS and S-SSB), and FG 15-11 (PSFCH format 0) which are considered as the essential features for advanced V2X use cases especially based on groupcast. In addition to this, FG 15-5 (sidelink congestion control) can be considered as it is expected to be required by many V2X applications. FG 15-2 (transmitting NR sidleink mode 1) can be also included in the basic FGs in a licensed band where gNB is defined so that the operator can always control NR sidelink via DCI in a licensed band. 
The FGs mainly targeting sidelink unicast (e.g., FG 15-14 (sidelink CSI report), FG 15-23 (open loop power control based on SL pathloss)) do not need to be included in the basic feature groups as the UEs can exchange their capability and take the proper configuration accordingly. 
Proposal 1: If RAN1 agrees to define the basic feature groups, it is proposed to include FG 15-1 (receiving NR sidelink), FG 15-3 (transmitting NR sidelink mode 2), FG 15-4 (GNSS and S-SSB), FG 15-5 (sidelink congestion control), FG 15-11 (PSFCH format 0), and FG 15-2 (transmitting NR sidleink mode 1). If RAN1 agrees that some of them can be managed by other means, it is not necessary to define the basic feature group in 3GPP.

Details of the components in FGs 15-1, 15-2, 15-3
For the number of PSCCH and RBs a UE can decode/receive in FG 15-1, it is noteworthy that NR sidleink is likely to support a wide range of sidelink bandwidth (from 5 to 100 MHz in FR1 and from 50 to 400 MHz in FR2 if Uu bandwidth configuration is reused). So it is proposed to have sufficient flexibility in signaling these numbers via FG 15-1. An example is to reuse the number of RBs in the Uu bandwidth configurations as the candidates of the number of RBs a UE can receive in sidelink. The number of decodable PSCCH can be obtained by dividing this number by the minimum sub-channel size.
Though the number of RBs in a given bandwidth varies depending on the subcarrier spacing, the above numbers are not necessarily reported differently in different subcarrier spacing. For example, if a UE can decode X PSCCH in a slot (1 ms) with 15 kHz subcarrier spacing, with the same bandwidth but 30 kHz subcarrier spacing, it can be assumed that the UE can decode X/2 PSCCH in a slot (0.5 ms) which results in the same PSCCH decoding power of X PSCCH per ms.
At least for the 5.9 GHz ITS band (n47), a UE does not need to support many different numerology selections as it is likely that the most optimal one is selected and preconfigured for the out-coverage operations. Thus it is proposed that the candidate value set for the subcarrier spacing and CP length includes the support of only one subcarrier spacing and one CP length.
Proposal 2: Sufficient flexibility needs to be supported for the indication of the number of PSCCH and RBs a UE can decode/receive in FG 15-1. An example is to reuse the number of RBs in the Uu bandwidth configurations as the candidates of the number of RBs a UE can receive in sidelink.
Proposal 3: The candidate value set for the subcarrier spacing and CP length includes the support of only one subcarrier spacing and one CP length.

Whether to separate FG according to the configuration method (i.e., whether to define 15-1a and 15-3a)
In general, the method of sidelink configuration does not require the separation of the feature groups as the physical layer operation is basically the same. One issue can be whether a UE supports Uu operation itself when it is operating sidelink in a frequency band. On this matter, it can be assumed that the UE will indicate in which band combination it can support concurrent operation of Uu and sidelink. Thus, when a UE support FG 15-1 or FG 15-3 in band X, it always supports pre-configuration for the sidelink operation in band X. In addition if it also supports the concurrent Uu operation in band Y, the UE also supports the network configuration via Uu in band Y. So it is proposed to remove FG 15-1a and FG 15-3a and to add such a note.
Proposal 4: FG 15-1a and FG 15-3a are removed. It is clarified that, for the sidelink operation in a frequency band, the UE supports the pre-configuration and it also supports the network configuration via Uu in a frequency band where the concurrent Uu operation is supported.

Whether to define a set of candidate values in 15-6 (short-term time-scale TDM for in-device coexistence)
RAN1 agreed prioritization for the short-term TDM in-device coexistence is applicable when the priority of the other RAT is available. It seems the common understanding that this inter-RAT communication is a UE capability as already captured in FG 15-7, so it is reasonable to define the same set of candidate values for FG 15-6.
Proposal 5: FG 15-6 defines the same set of candidate values as FG 15-7.

256 QAM RX (FG 15-10a)
In many practical operations, the quality of sidelink is not so predictable due to various sources of interference including the change of interference transmitters around the sidleink receiver, resource collision, in-band emission, etc. So it is not likely that 256 QAM can be used widely; in other words, the usage of 256 QAM may be limited to some specific operations such as mode 1 where gNB can ensure stable interference environment by its proper resource allocation. Based on this, it is proposed to define FG 15-10a and make 256 QAM RX an optional feature.
Proposal 6: FG 15-10a is defined and 256 QAM RX is an optional feature.

SL CSI reporting (FG 15-14)
Similarly to the discussion on 256 QAM RX, the unpredictable nature of interference in sidelink may lead to limited usage of sidelink SCI reporting, especially under the current RAN1 agreement that the interference measurement for CSI calculation is not precisely defined. The benefit of sidelink CSI reporting seems to be limited to the cases where gNB ensures stable interference by proper scheduling, so FG 15-14 needs to be optional.
Proposal 7: Sidelink CSI reporting (FG 15-14) is an optional feature.

Rank 2 PSSCH reception (FG 15-19)
With the same rationale provided for the 256 QAM RX and SL CSI reporting, the usage of rank 2 PSSCH is limited and it should be an optional feature.
Proposal 8: Rank 2 PSSCH reception (FG 15-14) is an optional feature.

SL pathloss based power control (15-23)
As discussed as a part of basic FG discussion above, a feature dedicated to the unicast operation does not need to be mandated. So SL pathloss based power control should be an optional feature.
Proposal 9: Sidelink pathloss based power control (FG 15-23) is an optional feature.

Support of multiple synchronization references (15-24)
Support of multiple synchronization references is an essential feature if two UEs in different synchronization clusters (e.g., two different cells not synchronized with each other) need to communicate. Such aspects were considered and specified in Rel-12 LTE D2D by introducing some network signaling for the information of sidelink synchronization used in the neighboring cells and defining the corresponding UE performance requirements in RAN4. It is noteworthy that these multiple synchronization references are used only for the reception and the UE always selects a single reference for its transmission. So if RAN1 needs to support sidelink across un-synchronized cells in Rel-16, the solution of Rel-12 LTE D2D can be replicated and a new FG can be introduced to indicate how many synchronization references a UE can use for its reception. However, if such specification works deemed infeasible in Rel-16, the support of multiple synchronization references can be considered in a later release.
Proposal 10: If RAN1 needs to support sidelink across un-synchronized cells in Rel-16, the solution of Rel-12 LTE D2D can be replicated and a new FG can be introduced to indicate how many synchronization references a UE can use for its reception. Otherwise, the support of multiple synchronization references can be considered in a later release.

Capability on LTE SL TX and RX
When gNB controls LTE sidelink mode 3 or mode 4 via Uu, it needs to know the UE capability in order to do proper scheduling and configuration. In order to allow signaling LTE sidelink capability to gNB, the NR feature list can include the LTE sidelink related features by copying those defined in LTE specifications. Alternatively, a note can be added to FG 15-7 and FG 15-9 that a UE shall report the LTE sidelink capability when it supports the FGs; RAN2 can define the necessary signaling based on this note.
Proposal 11: A UE needs to report LTE sidelink related features when it supports FG 15-7 (Transmitting LTE sidelink mode 3 scheduled by NR Uu) or 15-9 (Transmitting LTE sidelink mode 4 configured by NR Uu or preconfiguration). Either LTE sidelink features are included in the NR UE feature list or a note is added that a UE shall report the LTE sidelink capability when it supports the FGs.

Impact on the LTE UE feature list
The current version in [2] includes NR sidelink features that need to be known to eNB for the proper scheduling and configuration. Once the NR feature list is more stabilized, the corresponding parts of the LTE UE feature list can be updated.
It was also discussed whether the basic FGs need to be defined in the LTE feature list as well. As the purpose of the basic FGs can be served by the NR list, it is not necessary to define them again in the LTE specifications. In fact, what was captured in the current LTE feature list is mostly about NR sidelink operation via LTE Uu which is not necessary for a UE not supporting LTE at all, making some of them the basic FGs would not work.
Proposal 12: Basic FGs for NR sidelink are not defined in the LTE UE feature list.

3. Conclusions
This contribution discussed the remaining issues in the V2X part of RAN1 NR UE feature list. The following proposals were made based on the discussion:
Proposal 1: If RAN1 agrees to define the basic feature groups, it is proposed to include FG 15-1 (receiving NR sidelink), FG 15-3 (transmitting NR sidelink mode 2), FG 15-4 (GNSS and S-SSB), FG 15-5 (sidelink congestion control), FG 15-11 (PSFCH format 0), and FG 15-2 (transmitting NR sidleink mode 1). If RAN1 agrees that some of them can be managed by other means, it is not necessary to define the basic feature group in 3GPP.
Proposal 2: Sufficient flexibility needs to be supported for the indication of the number of PSCCH and RBs a UE can decode/receive in FG 15-1. An example is to reuse the number of RBs in the Uu bandwidth configurations as the candidates of the number of RBs a UE can receive in sidelink.
Proposal 3: The candidate value set for the subcarrier spacing and CP length includes the support of only one subcarrier spacing and one CP length.
Proposal 4: FG 15-1a and FG 15-3a are removed. It is clarified that, for the sidelink operation in a frequency band, the UE supports the pre-configuration and it also supports the network configuration via Uu in a frequency band where the concurrent Uu operation is supported.
Proposal 5: FG 15-6 defines the same set of candidate values as FG 15-7.
Proposal 6: FG 15-10a is defined and 256 QAM RX is an optional feature.
Proposal 7: Sidelink CSI reporting (FG 15-14) is an optional feature.
Proposal 8: Rank 2 PSSCH reception (FG 15-14) is an optional feature.
Proposal 9: Sidelink pathloss based power control (FG 15-23) is an optional feature.
[bookmark: _GoBack]Proposal 10: If RAN1 needs to support sidelink across un-synchronized cells in Rel-16, the solution of Rel-12 LTE D2D can be replicated and a new FG can be introduced to indicate how many synchronization references a UE can use for its reception. Otherwise, the support of multiple synchronization references can be considered in a later release.
Proposal 11: A UE needs to report LTE sidelink related features when it supports FG 15-7 (Transmitting LTE sidelink mode 3 scheduled by NR Uu) or 15-9 (Transmitting LTE sidelink mode 4 configured by NR Uu or preconfiguration). Either LTE sidelink features are included in the NR UE feature list or a note is added that a UE shall report the LTE sidelink capability when it supports the FGs.
Proposal 12: Basic FGs for NR sidelink are not defined in the LTE UE feature list.
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