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Introduction
In this contribution, we give our understanding to the NR V2X UE capabilities according to the discussion of UE features. 

Discussion on NR V2X UE capabilities
15-1: Receiving NR sidelink [by preconfiguration]
[15-1a]:  FFS: Receiving NR sidelink configured by NR Uu
We support dividing the “Receiving NR sidelink” feature into the current two separate capabilities. This provides much better flexibility for different UE types and provided frequency bands for NR sidelink UE design. For example, one NR UE that only support NR sidelink reception by pre-configuration and Mode 2 transmission configured by pre-configuration. Such simplified NR UE is tailored to better support specific sidelink services. 
We do not think combining FG 15-1 and FG 15-1a (similarly, FG 15-3 and FG 15-3a) for a V2X chipset with no Uu support while letting this UE indicate its inability of Uu based configuration by indicating no support of Uu band in its supported band report is a good solution. Such principle may even over-dimension the UE capability. Assume a NR UE only supports sidelink reception by pre-configuration. If FG 15-1 and FG 15-1a are combined as one single sidelink reception FG, the gNB shall expect the UE supports sidelink reception by pre-configuration and sidelink reception configured by Uu. Even though the UE also indicates it does not support Uu licensed band, the gNB cannot figure out whether the UE supports sidelink reception configured by Uu in ITS band. As a result, it is better to separate sidelink reception into FG 15-1 and FG 15-1a. Similarly, Mode 2 transmission should be divided into FG 15-3 and FG 15-3a.
As for the “Type” column of FG 15-1a, we believe it should be “per band”. SL services can be performed in ITS band and licensed bands (i.e., n38 and other potential bands). However, one NR sidelink UE might only support a subset of these applicable bands, indicating that FG 15-1a is a per-band capability.
Moreover, it is better if the updated “Note” column is also be applied to FG 15-1a.
Proposal 1: For FG 15-1 and 15-1a, support the two separate FGs regarding NR sidelink reception.
· Keep the FG 15-1a separately without “FFS”.
· FG 15-1a should be a per-band capability.
· The “Note” column from FG 15-1 should be duplicated in FG 15-1a.

It has been agreed that 256QAM transmission is an optional capability, as captured by FG 15-10. However, we believe 256QAM reception should be mandatory for NR UEs supporting NR sidelink, and thus supporting 256QAM MCS table. If both 256QAM transmission and reception are optional capability, the RX UE needs to negotiate with the TX UE and also the gNB in Mode 1 case, otherwise the gNB may only schedule the sidelink resource based on the TX UE capability, thus resulting in a lot of signalling overhead. Moreover, making 256QAM reception an optional capability is not friendly to the forward compatibility of NR sidelink services. As such, it is a better solution that 256QAM reception is mandatory, and only the 256QAM transmission capability is negotiated with the gNB.
Proposal 2: For FG 15-1 and 15-1a, 256QAM reception should be mandatory for NR sidelink.
· The 256QAM MCS table should be included in component 4).
· Add a new component x) that UE can receive PSSCH with 256QAM in NR sidelink.

Proposal 3: Remove FG 15-10a.

Another issue lies in the values of X and Y. In LTE-V2X, two values are provided both for the PSSCH detection and number of detected PRB for every subframe. It is noteworthy that LTE-V2X only supports 15kHz SCS. For NR-V2X, different SCS result in different number of supported sub-channels for a given bandwidth. As a result, the maximum possible number of PSCCH blind decoding capabilities should be different, and so as the value of Y. Therefore, we propose that the values of X and Y should have distinct candidate value set for different SCS configurations.
Proposal 4: For FG 15-1, the candidate value sets in component 2) and 3) should be modified.
· The candidate value set for component 2) is
· {valueX11, valueX12, …} for 15kHz SCS
· {valueX21, valueX22, …} for 30kHz SCS
· {valueX31, valueX32, …} for 60kHz SCS
· {valueX41, valueX42, …} for 120kHz SCS.
· The candidate value set for component 3) is
· {valueY11, valueY12, …} for 15kHz SCS
· {valueY21, valueY22, …} for 30kHz SCS
· {valueY31, valueY32, …} for 60kHz SCS
· {valueY41, valueY42, …} for 120kHz SCS.

For  FR1, we have the following transmission bandwidth according to the 38.101:
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	10 MHz
	20 MHz
	30 MHz
	40 MHz

	
	NRB
	NRB
	NRB
	NRB

	15
	52
	106
	160
	216

	30
	24
	51
	78
	106

	60
	11
	24
	38
	51



Hence, for FR1 with 40MHz, related value X for component 2 (UE can receive [X] PSCCH in a slot) would be the following values if the sub-channel size is 10PRBs:
· X = {21, 10} for 15kHz SCS
· X = {10, 5}  for 30kHz SCS
· X = {5, 3}  for 60kHz SCS
If we consider the counting both PSSCH and PSSCH for the decoded PRB, then the value Y of for component 3 (3) UE can decode [Y] RBs per slot (FFS: counting both PSCCH and PSSCH)) would be the following values:
· Y = {21, 210+Nsub}, for 15kHz SCS
· Y = {10 100+Nsub},  for 30kHz SCS
· Y = {5,  50+Nsub},  for 60kHz SCS
Where Nsub is the number of PRBs of PSCCH.
Proposal 5: the value of X and Y for component 2) and 3) for 40MHz channel bandwidth for FR1:
· X = {21, 10} for 15kHz SCS
· X = {10, 5}  for 30kHz SCS
· X = {5, 3}  for 60kHz SCS
· Y = {21, 210+Nsub}, for 15kHz SCS
· Y = {10 100+Nsub},  for 30kHz SCS
· Y = {5,  50+Nsub},  for 60kHz SCS
Where Nsub is the number of PRBs of PSCCH.

For the component 6 (The UE can receive [Z] total number of soft channel bits in a slot) in 15-1 and 15-1a, we noticed that NR Uu has not defined the value of Z. The UE can decide how large buffer will be used to achieve certain value of throughput based on its implementation.  While, from our understanding, they are different between Uu link and sidelink. In Uu link, there is only one transmitter i.e. gNB in downlink. But for sidelink, there are hundreds number of transmitter from different vehicles in sidelink. If the buffer is too small, the receiver have to drop or clear some un-decoded TBs from its memory. If too large, higher cost will be introduced to the UE. Hence, the value of total number soft channel bits will impact both the system performance and the UE cost. From the system of view, define multiple value of Z can give more choice both to the market.  Furthermore, considering rak-2 transmission is UE feature, the value of Z should be also defined into different values according to the number of rank.  
Proposal 6:  The number of total soft channel bits are needed for UE feature, and component 6) in 15-1 and 15-1a should be modified as: 
· 6) The UE can receive [Z] total number of soft channel bits.
· In the “notes” column, the component-6 candidate value set: {Z1, Z2} for rank-1 and rank-2 transmission respectively.

We further give an example for 15kHz SCS and 40MHz bandwidth for the value of Z1 and Z2. For the value of Z, we need consider the following factors as:
· Number of PRBs: 210
· QAM type: 256QAM
· Maximax code rate: 948/1024
· Minimum overhead of DMRS: 1OS
· Overhead of AGC and GAP symbols: 2OS
· Maximum number of rank: 2
· Maximum number of slots with wrong detection for PSSCH: 8*2μ
Consider the above parameters, the soft channel bits for 2 layers will be: 210*12*(14-3)*8*2*8=9854460. And for 1 layer transmission, the value will be half of the above value.
Proposal 7: The number of total soft channel bits can be: 
· Z1 = 4927230 for one layer.
· Z2 = 9854460 for two layers.

We support the current component 8 (UE can receive using the subcarrier spacing it reports) in FG 15-1. Yet, we believe FG 15-1a should reuse the principle in FG 15-1, i.e., when NR sidelink reception is configured by NR Uu, UE can receive using the subcarrier spacing it reports.
Proposal 8: For FG 15-1a, component 8) should be the same as that in FG 15-1.

15-3: Transmitting NR sidelink mode 2 configured by [NR Uu or] pre-configuration
15-3a:  FFS: Transmitting NR sidelink mode 2 configured by NR Uu
Based on the same reason as Proposal 1, we support two separate FGs for sidelink mode 2 transmission.
Our concern is the “[NR Uu or]” in FG 15-3. The current FG 15-3 captures mode 2 transmission configured by NR Uu or pre-configuration. This would assume that UE has to support both methods, differently than the model proposed for FG 15-1/15-1a. We think that the same capability structure more makes sense for mode 2, so that the UE can choose whether to implement Uu interfaces on top of PC5 or not.
Also, RAN2 CR [1] has stated that the UE shall not perform NR sidelink communication according to SL-V2X-PreconfigurationNR if the UE detects a cell providing NR sidelink configuration or inter-carrier NR sidelink configuration for the frequency UE is interested to perform NR sidelink communication on. It means if a NR UE supports transmitting NR sidelink mode 2, then it will use NR Uu configuration only or pre-configuration only.
On this basis, we propose to remove the description in the bracket “[NR Uu or]” in FG 15-3
Proposal 9: For FG 15-3 and 15-3a, support the two separate FGs regarding NR sidelink mode 2 transmission.
· Remove the description “[NR Uu or]” in FG 15-3, including the FG itself and component 1).
· Keep the FG 15-3a separately without “FFS”.
· FG 15-3a should be a per-band capability.

As for the subcarrier spacing, we believe FG 15-3a should be aligned with FG 15-3. The current component 6) should be changed to “UE can transmit using the subcarrier spacing it reports for FG 15-1”.
Proposal 10: For FG 15-3a, component 6) should be the same as that in FG 15-3.

15-11:  PSFCH format 0
Support of unicast and groupcast are key RAN1 features in NR-V2X to provide higher reliability. It is important that they are not deployed in a weak form at first by UEs that may remain in the field for many years. To improve the reliabilities, the R16 new feature PSFCH format 0 should be a mandatory feature if a UE supports NR SL. The value of M (will impact the simultaneous transmitted PSFCH in the same slot. Multiple value of M can be defined to give the UE flexibility. While for the value of N (maximum number of PSFCHs for reception), it is similar with the value of X, which depends on the UE capability to decode the number of PSFCH in the same slot.
Proposal 11: For FG 15-11, support PSFCH format 0 is the basic FG for NR sidelink.
· The value of M can be: 1, 4, 8, 16.
· The value of N can be: 32, 64.

15-14:  Sidelink CSI report
We think this FG should also be the basic FG for sidelink. Introduction of physical layer unicast with CSI feedback is one of the key design to improve the sidelink reliability and efficiency compared to LTE V2X. If sidelink CSI is set as an optional capability, the TX UE can only use OLLA and adjusts the MCS based on SL HARQ feedback. This impacts the latency and reliability of sidelink transmission. In V2X scenarios, the channel condition between vehicle UEs (or between the vehicle UE and the RSU) is changing quickly and constantly. To avoid the performance degradation, fast MCS adaption using the sidelink CSI report seems to be the most effective approach. Also, note that for NR UE, the “2-32 Basic CSI feedback” feature is mandatory without capability signalling. We should reuse the relevant aspect of NR Uu design to enhance the performance of NR sidelink. As a result, there is no need to exchange the capability between NR UEs.
Proposal 12: For FG 15-14, 
-	Add “FFS: This is the basic FG for NR sidelink” to the “Note” column.
· The “Applicable to the capability signalling exchange between UEs” should be “No”.

FG 15-18: Support of rank 2 transmission
Irrespective of whether the RX UE supports PSSCH reception with 1 MIMO layer or 2 MIMO layers, the signalling on sidelink of TX UE’s transmission capability seems unnecessary. It is also noteworthy that the RX UE does not need the TX UE capability when calculating RI (if supported). In this sense, the sidelink capability signalling column should be set to “No”. However, it is certainly relevant for the gNB to know for mode 1 use in order that the gNB provides suitable sidelink resource for the transmission.
Proposal 13: For FG 15-18,
· The “Need for the gNB to know if the feature is supported” should be “Yes”.
· The “Applicable to the capability signalling exchange between UEs (V2X WI only)” is “No”.

FG 15-19: FFS: Support of rank 2 reception
Unlike FG 15-18, the rank 2 reception capability at the RX UE should be signalled to the TX UE. Otherwise, the TX UE does not know whether it is allowed to transmit rank-2 PSSCH.
Proposal 14: For FG 15-19, 
· The “Applicable to the capability signalling exchange between UEs (V2X WI only)” is “Yes”.

FG 15-23: FFS: Support of open loop SL power control and RSRP report
Open loop SL power control needs to be supported by all UEs supporting NR sidelink, because otherwise interference is uncontrollable on sidelink, even when under control of the network. There is no agreement for how sidelink power control might be handled with SL-RSRP reporting. Instead of being a separate FG, the power control capability can be added as a component to 15-2, 15-3, 15-3a.
Proposal 15: For FG 15-23, propose to remove this FG.
Proposal 16: For FG 15-2, 15-3 and 15-3a, add a new component:
· y) UE supports open loop power control and SL-RSRP report in case of unicast.

FG 15-24: FFS: Support of multiple synchronization references
Similar to LTE-V[2], this FG addresses multiple reference TX/RX timings. According to RAN4 discussion, timing between {gNBs and gNBs} or {eNBs and gNBs} will not be aligned in general, and each may be different than GNSS. Thus the network needs to know how many different timings the UE can be configured with. And the supported number of sidelink timing for TX/RX will result in very different cost of the UE implementation. Hence the supported number of synchronization references should be known in order the gNB configures the suitable type of synchronization source. For the number of synchronization references counted over all the configured sidelink carriers for V2X sidelink communication, the maximum value of 16 has been given according to 36.331. Considering only one single sidelink carrier is used for NR-V2X Rel-16, we can use the value A to report the values to gNB. The values of A can be no more than 4 considering the UE capabilities.
Proposal 17: For FG 15-24, support this FG and propose to remove the “FFS”.
· The “Note” is “Component-1 candidate value set: {1, 2, 3, 4}”.

Conclusion
In this contribution, we discussed the various aspects for the NR-V2X UE capability. The proposals are listed in the following:
Proposal 1: For FG 15-1 and 15-1a, support the two separate FGs regarding NR sidelink reception.
· Keep the FG 15-1a separately without “FFS”.
· FG 15-1a should be a per-band capability.
· The “Note” column from FG 15-1 should be duplicated in FG 15-1a.

Proposal 2: For FG 15-1 and 15-1a, 256QAM reception should be mandatory for NR sidelink.
· The 256QAM MCS table should be included in component 4).
· Add a new component x) that UE can receive PSSCH with 256QAM in NR sidelink.

Proposal 3: Remove FG 15-10a.
Proposal 4: For FG 15-1, the candidate value sets in component 2) and 3) should be modified.
· The candidate value set for component 2) is
· {valueX11, valueX12, …} for 15kHz SCS
· {valueX21, valueX22, …} for 30kHz SCS
· {valueX31, valueX32, …} for 60kHz SCS
· {valueX41, valueX42, …} for 120kHz SCS.
· The candidate value set for component 3) is
· {valueY11, valueY12, …} for 15kHz SCS
· {valueY21, valueY22, …} for 30kHz SCS
· {valueY31, valueY32, …} for 60kHz SCS
· {valueY41, valueY42, …} for 120kHz SCS.

Proposal 5: the value of X and Y for component 2) and 3) for 40MHz channel bandwidth for FR1:
· X = {21, 10} for 15kHz SCS
· X = {10, 5}  for 30kHz SCS
· X = {5, 3}  for 60kHz SCS
· Y = {21, 210+Nsub}, for 15kHz SCS
· Y = {10 100+Nsub},  for 30kHz SCS
· Y = {5,  50+Nsub},  for 60kHz SCS
Where Nsub is the number of PRBs of PSCCH.
Proposal 6:  The number of total soft channel bits are needed for UE feature, and component 6) in 15-1 and 15-1a should be modified as: 
· 6) The UE can receive [Z] total number of soft channel bits.
· In the “notes” column, the component-6 candidate value set: {Z1, Z2} for rank-1 and rank-2 transmission respectively.

Proposal 7: The number of total soft channel bits can be: 
· Z1 = 4927230 for one layer.
· Z2 = 9854460 for two layers.

Proposal 8: For FG 15-1a, component 8) should be the same as that in FG 15-1.
Proposal 9: For FG 15-3 and 15-3a, support the two separate FGs regarding NR sidelink mode 2 transmission.
· Remove the description “[NR Uu or]” in FG 15-3, including the FG itself and component 1).
· Keep the FG 15-3a separately without “FFS”.
· FG 15-3a should be a per-band capability.

Proposal 10: For FG 15-3a, component 6) should be the same as that in FG 15-3.
Proposal 11: For FG 15-11, support PSFCH format 0 is the basic FG for NR sidelink.
· The value of M can be: 1, 4, 8, 16.
· The value of N can be: 32, 64.

Proposal 12: For FG 15-14, 
· Add “FFS: This is the basic FG for NR sidelink” to the “Note” column.
· The “Applicable to the capability signalling exchange between UEs” should be “No”.

Proposal 13: For FG 15-18,
· The “Need for the gNB to know if the feature is supported” should be “Yes”.
· The “Applicable to the capability signalling exchange between UEs (V2X WI only)” is “No”.

Proposal 14: For FG 15-19, 
· The “Applicable to the capability signalling exchange between UEs (V2X WI only)” is “Yes”.

Proposal 15: For FG 15-23, propose to remove this FG.
Proposal 16: For FG 15-2, 15-3 and 15-3a, add a new component:
· y) UE supports open loop power control and SL-RSRP report in case of unicast.

Proposal 17: For FG 15-24, support this FG and propose to remove the “FFS”.
· The “Note” is “Component-1 candidate value set: {1, 2, 3, 4}”.
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