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Introduction
In the RAN1 #98 meeting, the physical layer procedure of NR-V2X sidelink was discussed and the following agreements were achieved [1]:
Agreements:
· For PSSCH-to-HARQ feedback timing, to down-select:
· Option 1: K is the number of logical slots (i.e., the slots within the resource pool)
· Option 2: K is the number of physical slots (i.e., the slots within and outside the resource pool)
· FFS how to determine K.

Agreements:
· For TX-RX distance-based HARQ feedback for groupcast Option 1, 
· The location information of TX UE is indicated by the 2nd stage SCI payload 
· FFS whether/how higher layer signaling is also used in signaling the location information
· FFS whether/how to handle when the location information is not available at TX and/or RX UE.

Agreements:
1. For Case 1 (PSFCH TX/RX overlap),
0. Select PSFCH TX or RX based on priority rule
0. Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
0. FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
1. For Case 2 (PSFCH TX to multiple UEs),
1. Select N PSFCH(s) transmissions based on priority rule
0. Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
0. FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
1. For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
2. FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2
1. Send LS to RAN4 to ask the feasibility of simultaneous transmission of multiple PSFCH, and the maximum value of N if feasible
3. Inform that no conclusion is made in RAN1 regarding whether the transmit power of PSFCH transmitted at the same time is the same or not when N>1.
3. Including the current RAN1 agreement on PSFCH design

The following working assumption and agreements were agreed after email discussion:
Working assumption:
· For SL-RSRP measurement/reporting for open-loop power control for PSCCH/PSSCH:
· UE receiving RS for SL-RSRP measurement reports a filtered SL-RSRP (to be selected between L1-filtered SL-RSRP and L3-filtered SL-RSRP)
· The transmit power of the RS is not indicated to UE receiving RS for this purpose.
· FFS whether to introduce additional behavior, e.g., restriction on transmit power change.
· FFS SL-RSRP reporting signaling details (e.g., which layer signaling is used).
· All the power above is normalized with a certain bandwidth (e.g., a PRB or a sub-channel).
· Other alternatives can be considered in RAN1#98bis if the SL-RSRP measurement error becomes too high with this working assumption.
Agreements:
· In Rel-16, at least for sequence-based PSFCH format with one symbol (not including AGC training period), it is not supported to do FDM between PSSCH/PSCCH and PSFCH.
· Discuss further the following:
· For a PSFCH format, in the symbols that can be used for PSFCH transmissions in a resource pool, a set of frequency resources is (pre-)configured for the actual use of PSFCH transmissions (i.e., PSFCH transmissions do not happen in other frequency resources).
·  FFS: Frequency resource sets for PSFCH are separated depending on HARQ feedback option.
· At least, it is supported to use a single K value for all UEs in a RX resource pool
·  K=2 is supported
· FFS: whether to support other K values to be used as a single K value in a resource pool
· FFS: whether to support the use of multiple K values in a resource pool
· For implicit mechanism for PSFCH resource determination,
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel(s) in different slots
·  FFS: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots
· FFS whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient)
· For groupcast HARQ feedback Option 2, support CDM and FDM between PSFCH resources used by different RX UEs for HARQ feedback of the same PSSCH transmission
· FFS how to multiplex HARQ feedback for unicast, groupcast option 1, and groupcast option 2.

In this contribution, we will further discuss the related issues of physical layer procedure. 
Sidelink feedback mechanism for NR-V2X
1.1 Feedback contents
It was agreed to feedback HARQ ACK/NACK for unicast and groupcast during SI. In RAN1 #96 meeting [3], it was also agreed to report SL-RSRP from receiver to transmitter which can be used for power control.
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 

The following working assumption about CSI reporting was also agreed in RAN1 #96 [3].
Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase

Additional, according to the WID description, CQI/RI feedback is supported [4]. Therefore, there are at least four kinds of information to be fed back from RX UE to TX UE: HARQ ACK/NACK; SL-RSRP; CQI; RI.
Observation 1: At least four kinds of information need to be fed back from RX UE to TX UE over sidelink for NR-V2X: HARQ ACK/NACK, SL-RSRP, CQI, RI. 
1.2 Feedback channel
It was agreed that at least PSFCH is used to carry HARQ ACK/NACK in RAN1 #96 meeting [3]:
Agreements:
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.

And according to the WID, CQI/RI is carried in PSSCH. For the SL-RSRP report, we propose to use PSSCH also. For CQI/RI reporting, CQI/RI can be carried in PSSCH by either puncturing or rate-matching the payload of PSSCH, which is similar as UCI on PUSCH. If CQI/RI are carried in MAC CE, that will depending on decoding status of PSSCH. While for SL-RSRP reporting, it can be up to RAN2 to determine whether it is carried in MAC CE or SL RRC signaling. 
Proposal 1: 
· PSSCH is used for CQI/RI/SL-RSRP report. 
· CQI/RI is carried in PSSCH by either puncturing or rate-matching.
· It is up to RAN2 to determine whether SL-RSRP is carried in MAC CE or SL RRC signaling.
1.3 Multiplexing of HARQ-ACK into one PSFCH
It was agreed that the transmission resource of PSFCH can be configured per N slots, where N is 1, 2, or 4. Therefore, it is possible that multiple PSSCH transmissions within a slot set corresponding to PSFCH in the same slot. One illustration is shown in figure 1. The PSSCH transmitted in slot set which includes slots 2/3/4/5 corresponding to PSFCH in the same slot 7. 
An LS was sent to RAN4 to ask whether multiple PSFCH transmission from a UE could be supported. If the answer is yes, there will be no limitation for the PSSCH transmission within the slot set. Power sharing among multiple PSFCHs should be considered. If the answer is no, some mechanism should be studied to resolve the PSFCH transmission collision. 
If multiple HARQ-ACK can be multiplexed into one PSFCH, it can benefit for the following aspects:
· Throughput: multiple PSSCH can be transmitted within the slot set
· Latency: any packet can be transmitted if it is ready for transmission without waiting for next PSFCH period if there is one PSSCH has been transmitted within the current PSFCH period
If the transmission resource of PSFCH is configured per N slots, then up to N HARQ-ACK bits can be multiplexed into one PSFCH, i.e., one bits in PSFCH corresponding to one PSSCH in the associated slot set. If there is no PSCCH/PSSCH received in a slot, the bit in the PSFCH is set to NACK. 
Proposal 2: 
· Multiplexing of multiple HARQ-ACK bits into one PSFCH is supported in NR-V2X. 
· The total bits of PSFCH depends on the periodicity of feedback slot. Each bit in PSFCH corresponds to a potential PSSCH transmission in a slot within the associate slot set.
· Up to 4 HARQ-ACK bits can be multiplexed into one PSFCH.


Figure 1
1.4 Transmission resource of feedback channel
According to above discussion, there are at least two kinds of channels which can be used to carry feedback information: 
· PSFCH: for HARQ ACK/NACK
· PSSCH: for CQI/RI reporting, SL-RSRP reporting
How to determine the transmission resource of feedback channel needs to be studied. 
For PSFCH, the timing gap between PSFCH and its associated PSSCH is (pre-)configured [3].
Agreements:
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

The resource of PSFCH in time domain can be determined by the (pre-)configured timing gap between PSSCH and PSFCH. The starting position in frequency domain of PSFCH can be aligned to the associated PSSCH or PSCCH. If multiple HARQ-ACK bits are multiplexed into one PSFCH, the transmission resource of PSFCH is determined by the first correctly decoded PSCCH or the PSSCH which is associated to the first correctly decoded PSCCH. 
The frequency length of PSFCH can be (pre-)configured. While the frequency length should be less than the associated PSSCH. Otherwise it may cause collision among PSFCH. 
It was agreed to use PUCCH format 0 as the starting point for sequence based PSFCH. Cyclic shift is used for PUCCH format 0. If up to 4 HARQ-ACK bits are multiplexed into one PSFCH, at least 16 sequences with different cyclic shift are needed. Furthermore, considering the near-far effect and in-band emission in SL feedback for groupcast, longer sequence corresponds to better performance. We propose to use 4 or 6 PRBs for PSFCH. 
Proposal 3: If multiplexing multiple HARQ-ACK into one PSFCH is supported
· The transmission resource of PSFCH is determined by the first correctly decoded PSCCH or its associated PSSCH
· The frequency length of PSFCH is (pre-)configured, such as 4 or 6 PRBs, and less than frequency length of the associated PSSCH.
The transmission resource of PSFCH is determined by the associated PSSCH to reduce blind detection. While for PSSCH which carries CQI/RI reporting, the transmission resource can be determined by either TX UE or RX UE. 
· If the transmission resource of feedback channel is determined by TX UE, it can simplify the feedback information detection. While the resource allocated by TX UE may be not suitable for RX UE. For example, TX UE indicates a resource to RX UE to do CQI/RI reporting at slot n. This resource maybe collide with other UEs transmission. On the other hand, the RX UE maybe have reserved a resource on slot n for periodic broadcast traffic (which is not target to the transmitter only). If the UE can support to transmit two separate PSSCH at the same slot, that will cause power sharing between the PSSCH for data transmission and the PSSCH for feedback transmission, which will result in poor detection performance for both PSSCH channels. If not, RX UE has to drop one of these two PSSCH channels.
· If the transmission resource of feedback channel is determined by RX UE, the receiver can select a suitable resource for feedback transmission, such as by sensing. The transmission collision with other UEs can be avoided. Furthermore, RX UE can avoid selecting the same slot for PSSCH for data transmission and the PSSCH for feedback transmission. 
Proposal 4:  Transmission resource of PSSCH for CQI/RI reporting determined by RX UE is preferred. 
1.5 Transmission collision of PSFCH
The transmission resource of PSFCH can be configured per N slots. That will cause 3 possible collision cases for PSFCH transmission or reception
· Case 1 (PSFCH TX/RX overlap): A UE transmitted a PSSCH and received SCI scheduling another PSSCH where PSFCH resources corresponding the two PSSCHs appear in the same slot.
· Case 2 (PSFCH TX to multiple UEs): A UE received SCI from different UEs and the associated PSFCHs appear in the same slot.
· Case 3 (PSFCH TX with multiple HARQ feedback to the same UE): A UE received multiple SCI from the same UE and the associated PSFCHs appear in the same slot.
For case 1, it was agreed that at least priority could be applied. For the same priority case, it can be left for UE implementation.
For case 2 and 3, it can depend on the response from RAN4. If multiple PSFCH transmission at the same time is supported, it can be applied to both case 2 and 3. If not, the following method can be considered.
For case 2, if it does not support to transmit multiple PSFCH at the same time, UE will transmit only one PSFCH which corresponds to the PSSCH with highest priority, and drop the rest PSFCH transmissions.
For case 3, multiple HARQ-ACK bits can be multiplexed into the same PSFCH, which is discussed in section 2.3.
Proposal 5: For PSFCH TX/TX collision, if multiple PSFCH transmissions at the same time is supported, multiple PSFCH can be transmitted corresponding to each associated PSSCH. If not, multiple HARQ-ACK can be multiplexed into one PSFCH.
1.6 HARQ feedback for groupcast
In RAN1 #96bis meeting, both option1 and option 2 HARQ feedback for groupcast were agreed [5]. While how to use option 1 and option 2 for groupcast feedback needs FFS.
For option 1, only HARQ NACK is fed back, which is more suitable for connection-less groupcast in which case the transmitter may not know who and how many UEs are within the same group. UE can determine whether to do feedback based on TX-RX distance or RSRP measurement. The motivation of option 1 is that TX UE can determine whether there is UE of the group within a certain range cannot receive PSSCH correctly. All of the UEs who need to do HARQ feedback can share the same feedback resource. It is not necessary to allocate different feedback resource for different UEs or different subset of UEs. We cannot see the additional benefit for that. 
If all of the UEs share the same feedback resource, only one PSFCH resource is enough. Then the resource for PSFCH can be determined by the associated PSSCH, which has been discussed in section 2.4. 
Proposal 6: For groupcast feedback option 1, all of UEs within the group share the same feedback resource. The feedback resource is determined by the associated PSSCH.
For option 2, each UE feedback HARQ ACK or NACK based on decoding status. This option is more suitable for connection-based groupcast in which case the transmitter can know who and how many UEs are within the same group. The motivation of option 2 is that TX UE can differentiate which UE has received PSSCH correctly, and which UE does not. Therefore, orthogonal feedback resource of UEs within the group is preferred. 
Proposal 7: For groupcast feedback option 2, orthogonal feedback resource is used by each UE within the group. 
It was agreed that both CDM and FDM among PSFCH were supported in groupcast feedback option 2. To promise there is enough orthogonal resource for PSFCH transmission, the frequency resource of the associated PSSCH should be larger enough. 
Proposal 8: For groupcast feedback option 2, the frequency resource of PSSCH should be large enough to provide sufficient orthogonal resource for PSFCH.
1.7 Sequence generation for PSFCH
It was agreed that sequence based feedback is applied to PSFCH and sequence of PUCCH format 0 was the starting point [2]. For NR-V2X mode 2, UE does autonomously select transmission resource by sensing, it is possible that two remote UE select the same transmission resource. In this case, the transmission resources of PSFCH corresponding to the PSSCH from the two UEs are same. If the Layer-1 source ID, such as RNTI of TX UE, is used to generate the sequence, then the two PSFCH can be differentiated. For unicast communication, the layer-1 source ID is the RNTI, for groupcast communication, the layer-1 ID is the group ID. 
Proposal 9: Layer-1 source ID of TX UE is used for PSFCH sequence generation. 
1.8 Feedback enabled/disabled
SL feedback can promise the reliability. While it will cause signaling overhead, especially in case of groupcast. It was agreed that SL feedback can be enabled or disabled. 
In RAN1 #95 meeting [7]:
Agreements:
· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.
In RAN1 AH#1901 meeting [8]:
Agreements:
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback
It was agreed that (pre-)configuration could indicate whether SL HARQ feedback is enabled or disabled. While in some cases, such as TX UE and RX UE are in different cells, or one UE is IC and another UE is OOC, the configuration could be not available to both UEs. The behavior whether to do SL HARQ feedback should be aligned between TX UE and RX UE to avoid unexpected behavior or procedure. Then an indication which is used to indicate whether SL HARQ feedback is needed can be included in SCI. 
Proposal 10: An indication which is used to enable or disable SL HARQ feedback should be included in SCI.
It supports that TX UE can determine to enable or disable SL HARQ feedback. TX UE can do the determination based on some metrics, such as CBR level, or QoS parameters. 
If the congestion level of the system is high, SL HARQ feedback can be disabled to mitigate the signaling overhead. To promise the reliability of SL transmission, the SL HARQ feedback can also be based on QoS parameters, such as reliability or priority. 
Proposal 11: It supports TX UE determines whether to enable or disable SL HARQ feedback.
Proposal 12: TX UE or gNB determines whether to enable or disable SL HARQ feedback based on CBR or QoS parameter.
1.9 CBG-based transmission and feedback in NR-V2X
In Rel-15 NR, CBG-based HARQ feedback and re-transmission was introduced to improve resource efficiency. This mechanism can also be applied in NR-V2X sidelink. According to the requirements for NR-V2X, the maximum payload size is about 10000 bytes. If TB-based feedback and re-transmission is applied, that will cause resource in-efficiency. If CBG-based re-transmission is applied, only the CBG which is not received correctly can be re-transmitted.
Proposal 13: CBG-based HARQ feedback and re-transmission is supported in NR-V2X.
CSI acquisition for unicast
For unicast, if CSI of SL is available at TX UE, it is beneficial for the TX UE to adjust the transmission parameters. It was agreed in RAN1 #96bis that it supported SL CSI-RS for CQI/RI measurement [6]. 
Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission
According to the WID, CSI is delivered using PSSCH [3].
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
……
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
……
Both periodic and aperiodic traffic are supported in NR-V2X, then PSSCH can be transmitted periodically or aperiodically. It is natural to support both periodic and aperiodic CSI reporting. Furthermore, the TX UE can trigger RX UE to do CSI reporting. If CSI-RS is included in PSSCH which is indicated by associated SCI, then it can implicitly trigger RX UE to report CSI. 
Proposal 14: 
· Both periodic and aperiodic CSI reporting are supported in NR-V2X. 
· CSI reporting can be triggered by TX UE.
· Existence of CSI-RS in PSSCH can implicitly trigger RX UE to report CSI. 
Power control of NR-V2X
1.10 Power control for groupcast
Open loop power control for unicast is supported since there is one to one transmission between TX UE and RX UE which is feasible to adjust the transmission power based on SL PL. While for groupcast, it is one to many transmission. Different UEs correspond to different SL PL. If power control is enabled for groupcast, TX UE needs to estimate SL PL for each link. That will cause large signaling overhead. We propose not to support power control for groupcast of NR-V2X in Rel-16.
Proposal 15: Power control for groupcast is not supported in Rel-16 NR-V2X.
1.11 Power control for PSFCH
We propose to support power control for PSFCH to alleviate the effect of near-far issue and in-band emission. 
If two UEs transmit PSSCH in adjacent sub-channels, the corresponding PSFCH will also be transmitted in adjacent sub-cannels. One illustration is shown below. UE1 and UE2 transmit PSSCH to UE3 and UE4 separately, and correspondingly, UE3 and UE4 transmit PSFCH to UE1 and UE2 separately. If UE4 is close to UE1, the PSFCH from UE4 to UE2 will overwhelm the PSFCH from UE3 to UE1 because of in-band emission if they are transmitted in adjacent sub-channels. That will cause UE1 detecting the PSFCH from UE3 failed. 
Another example is for option 2 feedback mechanism in groupcast communication. For option 2, every UE will transmit PSFCH to TX UE using orthogonal resources. If CDM is applied, a PSFCH from a closer RX UE will overwhelm the PSFCH from a farther RX UE because of near-far effect. If adjacent frequency resource is applied, the in-band effect will also affect the PSFCH detection. But in option 2, TX UE needs to detect PSFCH from each RX UE. Therefore, power control for PSFCH is needed in this case. 



Figure 2

Power control for PSFCH can also be based on the SL PL between TX UE and RX UE. If TX power is included in SCI and indicated to RX UE, it can estimate the SL PL based on TX power and measured SL-RSRP. This SL PL can be applied to the link from RX UE to TX UE considering channel reciprocity of SL. Furthermore, a target received power of PSFCH can be (pre-)configured to each RX UE. Based on the SL PL and target received power, RX UE can determine the transmission power for PSFCH. 
Proposal 16: 
· Power control for PSFCH is supported in NR-V2X.
· TX power is included in SCI.
· Target received power of PSFCH is (pre-)configured.
1.12 Effect of power control on sensing procedure
Power control is applied for unicast communication, not for groupcast and broadcast communication. While for the resource pool configuration, it was agreed that a common resource pool configured for all kinds of transmissions. The power control for unicast will affect the sensing procedure. 
[bookmark: _GoBack]One illustration is shown below. UE1 and UE2 does unicast communication and the distance between them is 50 meters. UE3 is for broadcast communication with maximal transmission power (23dBm), and the communication range is about 300 meters, UE4 is within the communication range. If power control is applied to UE1’s PSCCH/PSSCH transmission, the transmission power could be very small considering the short range between UE1 and UE2, such as the transmission power is 10dBm. When UE3 does sensing for SL transmission resource selection, it may assume that the resource used by UE1 is available because of the small transmission power which will cause the measured SL-RSRP less than the threshold. If UE3 selects the resource for broadcast transmission with maximal transmission power, that will cause severe interference to UE1’s data at UE2. 
Observation 2: Sensing and resource selection procedure will be affected by power control in case common resource pool is configured for unicast, groupcast and broadcast.
To solve this issue, some enhancements to sensing procedure is necessary. If the sensing UE can obtain the transmission power of PSCCH transmitter by PSCCH decoding, it can adjust the SL-RSRP threshold based on the transmission power of the PSCCH transmitter and its own transmission power. 
Proposal 17: Sensing procedure should be enhanced in case of power control is enabled 
· TX power is included in SCI.
· SL-RSRP threshold is adjusted based on the TX power in the decoded PSCCH, and the TX power to be used for PSSCH transmission. 
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1.13 Power boosting for PSCCH
PSCCH and PSSCH multiplexing option 3 was agreed as working assumption. For option 3, PSCCH and PSSCH are transmitted at the same time and share the transmission power. It is hardly to do power boosting for PSCCH. If the packet size of PSSCH is very large, PSSCH will use larger bandwidth to carry the payload, which will result in small transmission power of PSCCH. If power boosting is applied to PSCCH, the transmission power of PSSCH on the OFDM symbols of PSCCH will be reduced to keep the total transmission power does not change within the slot. That will cause unequal EPRE for PSSCH on PSCCH OFDM symbol and the rest OFDM symbols without PSCCH transmission. And the decoding performance of PSSCH will degrade. 
Proposal 18: In PSCCH and PSSCH multiplexing option 3, power boosting for PSCCH is not supported.
Multiple antenna transmission
One of the objection of the NR-V2X WID is as follows [4]:
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
……
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
……
According to the WID, no PMI reporting is supported. In this case, only open loop spatial multiplexing can be supported for multi-rank transmission. To support open loop multi-rank transmission, the following schemes which have been discussed in LTE Uu and NR Uu can be considered as starting point, such as large-delay CDD, pre-coder cycling. 
Proposal 19:  Open-loop spatial multiplexing is supported for PSSCH of unicast in NR-V2X. 
Transmission diversity scheme of PSCCH was studied in Rel-15 LTE-V2X and only transparent transmission scheme, i.e., small-delay CDD, was supported. The limitation to transparent transmission is that Rel-15 and Rel-14 UE can share the same resource pool. Rel-14 UE needs to decode Rel-15 UE’s PSCCH for sensing procedure so that non-transparent transmission scheme cannot be supported. In NR-V2X, there is no such limitation so that both transparent scheme, such as small-delay CDD and non-transmission scheme, such as SFBC, can be considered for PSCCH transmission. 
Proposal 20: Both transparent and non-transparent transmission diversity scheme can be supported in NR-V2X.
ID conveyed via PSCCH
It was agreed in RAN1 AH #1901 meeting that the layer-1 destination ID and source ID are conveyed via PSCCH. It needs FFS how to determine Layer-1 source/destination ID and the size of Layer-1 source/destination ID [4].
Agreements:
· Layer-1 destination ID can be explicitly included in SCI
· FFS how to determine Layer-1 destination ID
· FFS size of Layer-1 destination ID
· The following additional information can be included in SCI
· Layer-1 source ID
· FFS how to determine Layer-1 source ID
· FFS size of Layer-1 source ID
· HARQ process ID
· NDI
· RV
· FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

· How to determine Layer-1 source and destination ID
According to the description of unicast/groupcast procedure in [5], the Layer-2 source and destination ID are generated at V2X layer and passed down to AS layer. The Layer-1 ID can be generated based on Layer-2 ID. For example, full or part of Layer-2 ID is used as Layer-1 ID. 
Proposal 21: Layer-1 source and destination ID are generated based on Layer-2 ID.
· The size of Layer-1 source and destination ID
In Rel-12 D2D, only partial of destination ID is included in SCI. Based on the partial destination ID in SCI, RX UE can know whether need to decode the PSSCH. While considering HARQ feedback is introduced in NR-V2X, the full Layer-1 destination ID should be included in SCI. if only part of Layer-1 destination ID is included in SCI, a UE, who has the same partial destination ID as the target receiver, will detect and PSSCH by mistake. Furthermore, if the PSSCH cannot be decoded correctly, it will generate NACK to the transmitter since the MAC layer cannot extract other information, such as the rest part of Layer-1 destination ID from PSSCH. That will cause mistake to the HARQ procedure. 
Similar issue applies to Layer-1 source ID. If only part of Layer-1 source ID is included in SCI, the receiver who can detect PSCCH correctly but not for PSSCH, it cannot obtain the full Layer-1 source ID. If the physical layer of RX UE delivers the data of PSSCH to higher layer for HARQ combining based on partial Layer-1 source ID, it is possible that the data of two different UE with the same partial Layer-1 source ID will be combined together which will cause decoding error. 
If full layer-1 ID is conveyed in SCI, that will cause large signaling overhead. To reduce the overhead, partial ID such as 16 bits, which has lower collision probability, can be conveyed in SCI. 
Proposal 22: At least 16 bits of layer-1 source and destination ID should be included in SCI.
TBS determination
In LTE-V2X, TBS is determined by TBS table based on the allocated MCS and number of PRBs. In NR Uu, the TBS is calculated by the number of available REs which is used to carry the data. NR-V2X can follow the same method as NR Uu.
To calculate the available number of RE which can be used for PSSCH, the following resource or overhead should be removed from the allocated PSSCH transmission resource.
· Resource for PSCCH: including the resource for both 1st stage PSCCH and 2nd stage PSCCH
· Reference signals: including PSSCH DMRS, CSI-RS, PT-RS, etc.
· Resource that cannot be used for SL transmission: such as the GP symbol, or the symbol that cannot be used for SL transmission in shared carrier.
When the number of REs is determined, the following steps in NR Uu to determine the TBS can be applied in NR-V2X.
Proposal 23: 
· TBS determination mechanism in NR Uu can be applied in NR-V2X.
· When calculating the available REs for PSSCH, the following resource should be excluded:
· PSCCH resource
· RS resource
· The resource that cannot be used for SL transmission.
Conclusion
In this contribution, the physical layer procedures, such as feedback mechanism, multiple antenna transmission for PSCCH and PSSCH and power control, are discussed. The following proposals are given to summarize our views.
Observation 1: At least four kinds of information need to be fed back from RX UE to TX UE over sidelink for NR-V2X: HARQ ACK/NACK, SL-RSRP, CQI, RI. 
Observation 2: Sensing and resource selection procedure will be affected by power control in case common resource pool is configured for unicast, groupcast and broadcast.

Proposal 1: 
· PSSCH is used for CQI/RI/SL-RSRP report. 
· CQI/RI is carried in PSSCH by either puncturing or rate-matching.
· It is up to RAN2 to determine whether SL-RSRP is carried in MAC CE or SL RRC signaling.
Proposal 2: 
· Multiplexing of multiple HARQ-ACK bits into one PSFCH is supported in NR-V2X. 
· The total bits of PSFCH depends on the periodicity of feedback slot. Each bit in PSFCH corresponds to a potential PSSCH transmission in a slot within the associate slot set.
· Up to 4 HARQ-ACK bits can be multiplexed into one PSFCH.
Proposal 3: If multiplexing multiple HARQ-ACK into one PSFCH is supported
· The transmission resource of PSFCH is determined by the first correctly decoded PSCCH or its associated PSSCH
· The frequency length of PSFCH is (pre-)configured, such as 4 or 6 PRBs, and less than frequency length of the associated PSSCH.
Proposal 4:  Transmission resource of PSSCH for CQI/RI reporting determined by RX UE is preferred. 
Proposal 5: For PSFCH TX/TX collision, if multiple PSFCH transmissions at the same time is supported, multiple PSFCH can be transmitted corresponding to each associated PSSCH. If not, multiple HARQ-ACK can be multiplexed into one PSFCH.
Proposal 6: For groupcast feedback option 1, all of UEs within the group share the same feedback resource. The feedback resource is determined by the associated PSSCH.
Proposal 7: For groupcast feedback option 2, orthogonal feedback resource is used by each UE within the group. 
Proposal 8: For groupcast feedback option 2, the frequency resource of PSSCH should be large enough to provide sufficient orthogonal resource for PSFCH.
Proposal 9: Layer-1 source ID of TX UE is used for PSFCH sequence generation. 
Proposal 10: An indication which is used to enable or disable SL HARQ feedback should be included in SCI.
Proposal 11: It supports TX UE determines whether to enable or disable SL HARQ feedback.
Proposal 12: TX UE or gNB determines whether to enable or disable SL HARQ feedback based on CBR or QoS parameter.
Proposal 13: CBG-based HARQ feedback and re-transmission is supported in NR-V2X.
Proposal 14: 
· Both periodic and aperiodic CSI reporting are supported in NR-V2X. 
· CSI reporting can be triggered by TX UE.
· Existence of CSI-RS in PSSCH can implicitly trigger RX UE to report CSI. 
Proposal 15: Power control for groupcast is not supported in Rel-16 NR-V2X.
Proposal 16: 
· Power control for PSFCH is supported in NR-V2X.
· TX power is included in SCI.
· Target received power of PSFCH is (pre-)configured.
Proposal 17: Sensing procedure should be enhanced in case of power control is enabled 
· TX power is included in SCI.
· SL-RSRP threshold is adjusted based on the TX power in the decoded PSCCH, and the TX power to be used for PSSCH transmission. 
Proposal 18: In PSCCH and PSSCH multiplexing option 3, power boosting for PSCCH is not supported.
Proposal 19:  Open-loop spatial multiplexing is supported for PSSCH of unicast in NR-V2X. 
Proposal 20: Both transparent and non-transparent transmission diversity scheme can be supported in NR-V2X.
Proposal 21: Layer-1 source and destination ID are generated based on Layer-2 ID.
Proposal 22: At least 16 bits of layer-1 source and destination ID should be included in SCI.
Proposal 23: 
· TBS determination mechanism in NR Uu can be applied in NR-V2X.
· When calculating the available REs for PSSCH, the following resource should be excluded:
· PSCCH resource
· RS resource
· The resource that cannot be used for SL transmission.
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