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1. Introduction
At RAN plenary #83 meeting, NR V2X WID was endorsed as ‘New WID on 5G V2X with NR sidelink’. According to the WID, there were many discussions on NR-V2X at the previous RAN1 meetings. In this contribution, we share our views on SL physical layer procedure for NR-V2X including HARQ, CSI acquisition, and power control.

2. Discussions
2.1. TBS determination
One remaining issue is how to determine TBS for PSSCH transmission. Let us remember TBS determination for NR-Rel-15. The following is determination flow [1].
	1. The number of available REs per RB for the data transmission is calculated roughly
, where  is the number of subcarriers per PRB,  is the number of scheduled symbols,  is the number of REs for DM-RS per PRB, and  is overhead like CSI-RS, PT-RS, PDCCH other than DM-RS and configured by higher layer parameter.
2. The total number of available REs for the data transmission is calculated
, where  is the total number of allocated PRBs.
3. The number of transmittable information bits is obtained
, where R is target code rate defined in MCS tables, Qm is modulation order defined in MCS tables, and v is the number of layers.
4. TBS is derived by quantization using table for  and formulas otherwise.


Baseline should be the same as the TBS determination mechanism on NR-Uu as described above. Two questions are introduced for NR-SL, i.e.
· Q1. How to calculate ?
· Q2. Whether current  is enough or not?
Regarding the first question, in NR-Uu, PDCCH is not overlapped with DM-RS for PDSCH discussed in our contribution [2]. However, NR-SL supports PSCCH/PSSCH multiplexing option 3, and to support relative speed = 500 km/h, overlap between PSCCH and DM-RS for PSSCH in time-domain should be supported. In this case, the number of DM-RS per PRB is different between PRB with PSCCH and PRB(s) without PSCCH. Some update is necessary.
For the second question, in NR-Uu, all overhead other than DM-RS is subtracted, where the overhead is configured as approximate value from {0, 6, 12, 18}. Sometimes there are PDCCH and/or CSI-RS and/or PT-RS in the scheduled resources, and sometimes there are not. However, in NR-SL, SCI is always transmitted with the PSSCH in the selected sub-channels and it will be fixed amount. For example, let us assume SCI payload size is 100 bits and coding rate is 1/3. One sub-channel is composed of 5 PRBs. All modulation is QPSK and the transmission is done by using single sub-channel. In this case, 100/(1/3)*2 = 150 REs are used for SCI transmission. That is, SCI overhead per PRB is 150/5 = 30 REs. The maximum value of  is 18, so actual coding rate is completely different from target coding rate. This always occur in the assumptions since there is always SCI in the SL transmissions. Note that the above example does not include DM-RS for PSCCH. The overhead needs to be considered as well, then the effect becomes larger. To avoid this issue, some update is necessary.
Proposal 1:
· For TBS determination, baseline is the mechanism defined in NR Rel-15 and updates to solve the following issues are applied.
·  in NR Rel-15 does not assume difference of DM-RS for PSSCH per PRB.
· Candidates value of  is not enough for NR-SL.

2.2. UL/SL prioritization
In this meeting, we are receiving LS from RAN2 regarding UL/SL prioritization [3].
	Q1: For the two scenarios agreed by RAN2 for NR-UL/NR-SL prioritization (i.e., 1) when UL TX overlaps in time domain with SL TX in the shared/same carrier frequency, and 2) when UL TX and SL TX (in different carrier frequency) share TX chains and power budget), are they valid scenarios for prioritization from RAN1/4 perspective?
Q2: For the second scenario agreed by RAN2 for LTE-UL/NR-SL and LTE-SL/NR-UL prioritization, (i.e., when UL TX and SL TX (in different carrier frequency) share TX chains and power budget), is it a valid scenario for prioritization from RAN1/4 perspective? 
Q3: Additionally, for LTE-UL/NR-SL and LTE-SL/NR-UL prioritization, is the scenario of “UL TX overlaps in time domain with SL TX in the shared/same carrier frequency” valid or not from RAN1/4 perspective? Please note that RAN2 raise a similar question in R2-1911680, but for another issue, i.e., cross-RAT sidelink configuration.
Q4: Till now, the RAN2 conclusion on UL/SL prioritization is limited to the prioritization between MCG UL and MCG SL. Besides that, from RAN1/4 perspective, is there a need to separately consider SCG UL and MCG SL prioritization, e.g., for the scenario of “when UL TX overlaps in time domain with SL TX in the shared/same carrier frequency” and/or “when UL TX and SL TX (in different carrier frequency) share TX chains and power budget”? Q4 includes the following scenarios:
· SCG NR-UL and NR-SL under control of MCG;
· SCG NR-UL and LTE-SL under control of MCG;
· SCG LTE-UL and NR-SL under control of MCG;


Regarding Q1, the first case (UL and SL are in the shared/same carrier component,) is questionable while the second case (i.e. UL and SL are in different carrier components,) is clearly feasible. In our understanding, when SL transmission is done in the shared carrier component, the transmission should be controlled by gNB (i.e. mode 1). Because, if mode 2 is applied in the shared carrier component, the transmission will become huge interference. Mode 1 is feasible resource allocation in the carrier, i.e. overlap between UL and SL can be avoided by gNB scheduling. However, NR V2X WID seems not to exclude mode 2 in the shared carrier component. Clarification of whether mode 2 in the shared carrier component is possible should be discussed.
Regarding Q2, the same as the second case of Q1. That is, the case of Q2 is valid.
Regarding Q3, as captured in NR V2X WID [4], SL operation in the licensed carrier used for LTE-Uu is also considered. The same question as in Q1 is derived, i.e. mode 2 resource allocation can be done in the shared carrier? If only mode 1 is feasible, there is no need to specify mechanism to handle the collision.
Regarding Q4, basically, SL will be controlled by control information of the same cell group. gNB scheduling might not have sufficient coordination between MCG and SCG. In this case, some overlap between UL and SL would occur. Some solution to handle the collision seems necessary.
In addition, one question is prioritization rule between UL and SL. In NR Rel-16, URLLC enhancement will be specified including handling mechanism of overlap between URLLC and eMBB for NR-Uu. NR-SL supports high reliability traffic as well. Then, how to handle collision between UL and SL in consideration of traffic type? For example, if UL TX for URLLC is collided to SL TX for URLLC, is either dropped? Certain mechanism will be discussed/decided by RAN2, so notification to consider service type should be included in LS reply from RAN1.
Proposal 2:
· Whether mode 2 in the carrier component shared between UL and SL should be clarified.
· LS reply from RAN1 to RAN2 requests to consider service type (eMBB and URLLC) for prioritization between UL and SL.

2.3. HARQ operation
· HARQ process number/New data indicator
In NR V2X, HARQ operation will be supported on unicast/groupcast. Then, HARQ process number (HPN) and new data indicator (NDI) need to be discussed. In NR Rel-15, HARQ process is applied for each HPN independently and NDI indicates whether the transmission conveys new TB from the previous transmission or not, for each HPN. The same feature should be introduced to NR-V2X. To introduce HPN/NDI, an issue is whether HPN/NDI are managed per link or not. Because, there are many UEs in NR-V2X, i.e. lots of links, which is different from NR-Uu.
Simple solution is to manage both HPN and NDI separately per link. For example, in Fig. 1 (a), UE#A transmits a PSSCH to UE#B with HPN#0, and then UE#A transmits another PSSCH to UE#C with HPN#0. After that, if UE#A would transmit another PSSCH to UE#B with HPN#0, the toggling of NDI can be applied from the previous transmission of UE#A to UE#B. In Fig. 1 (b), UE#A transmits a PSSCH to UE#B with HPN#0, and then UE#C transmits another PSSCH to UE#B with HPN#0. After that, if UE#A would retransmit the first PSSCH to UE#B with HPN#0, UE#B is keeping the soft bits of the initial transmission and can combine the first one and the second one. It seems that system can work well via such a simple solution.
It is noted that there are many links per UE in NR-V2X. Even if the number of HARQ processes for each link is less than that of NR-Uu, the total number of HARQ processes will be quite large; thereby each UE needs to be equipped with large soft buffer. In terms of UE complexity and cost, large soft buffer is not desirable. Soft buffer aspect could be determined by UE capability, but anyway, further discussions/conclusions about HPN/NDI on NR-SL are necessary.
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(a) First example
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(b) Second example
Fig. 1: Examples of HPN/NDI management per link
 (Blue: PSCCH, Red: PSSCH, Green: PSFCH)
Proposal 3:
· Discuss whether HPN/NDI is managed per link or not.

· PSFCH TX/TX overlap and TX/RX overlap
	Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· 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
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· 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
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2
· Send LS to RAN4 to ask the feasibility of simultaneous transmission of multiple PSFCH, and the maximum value of N if feasible (draft LS in R1-1909873, email approval till 9/5 – Hanbyul, LGE)
· 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.
· Including the current RAN1 agreement on PSFCH design


At the last meeting, the above agreements were reached for PSFCH TX/TX overlap and TX/RX overlap [5]. One LS was sent to RAN4 to ask whether simultaneous transmissions of multiple PSFCHs are feasible or not. Details of how to handle PSFCH overlap should be provided after receiving LS reply from RAN4. Meanwhile, it is the fact that the number of PSFCH TX and/or RX would like to be reduced as much as possible for smaller MPR and less half duplex issue. Therefore, unnecessary PSFCH TX should not be generated.
One considerable situation is PSFCH corresponding to SL-CSI report without SL data. If SL-CSI report failed to be detected, UE can re-request SL-CSI report by SCI. There is no need to inform the failure of the SL-CSI report by NACK. In this case, HARQ-ACK corresponding to the SL-CSI report without SL data is not generated and the corresponding PSFCH is not transmitted. Note that the mechanism can be applied if SL-CSI report is transmitted on PHY layer. In case that MAC layer signaling is used for SL-CSI report, the corresponding HARQ-ACK shall be generated/transmitted.
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Fig. 2: No HARQ feedback corresponding to SL-CSI report on PSSCH without SL data.
Observation 1:
· Unnecessary PSFCH transmission should be avoided to reduce PSFCH TX/TX overlap and TX/RX overlap as much as possible.
Proposal 4:
· HARQ-ACK corresponding to SL-CSI report on PSSCH without SL data is not generated/transmitted.

Another situation is PSFCHs corresponding to blind retransmissions. In blind retransmissions, one TB is transmitted repeatedly, so whether HARQ-ACK corresponding to each (re)transmission is transmitted is one question related to the PSFCH overlap issue. The following options are considerable:
· Option X: Only HARQ-ACK corresponding to one (re)transmission of the transmissions is reported
· Option Y: HARQ-ACK corresponding to every transmissions is reported
UE will decode the TB by combining all of the (re)transmissions. Based on this assumption, only one HARQ feedback for all of the initial transmission and the blind retransmissions may seem feasible. However, RX-UE does not how many times blind retransmissions come. In other words, RX-UE does not know which transmission is the last blind retransmissions. In addition, some of the initial transmission and the blind retransmissions are failed due to half duplex issue or PSCCH decoding failure. If HARQ feedback is done on PSFCH resource associated with the last blind retransmission for example, and if the last blind retransmission is not received, actual HARQ feedback will be transmitted on different PSFCH resource. Option X is less reliability in consideration of these cases. Based on this analysis, option Y is feasible for NR-SL. Note that, when PSFCH resources corresponding to some of the initial transmission and the blind retransmissions are overlapped in time-domain, dropping rule can be applied. Priority is the same, so either can be up to UE implementation. 
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	(a) Option X	(b) Option Y
Fig. 3: HARQ feedback corresponding to initial transmission and blind retransmissions.
Observation 2:
· For blind retransmissions, only one bit HARQ feedback corresponding to the initial transmission and the blind retransmissions lead to some issues.
Proposal 5:
· For blind retransmissions, HARQ-ACK corresponding to every (re)transmission is transmitted.

· PSSCH-to-HARQ_feedback_timing
	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.
Proposal 3
· 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


At the last meeting, the above agreements were reached for the slot offset K between PSSCH and PSFCH [5]. In addition, for the details of K value, proposal 3 in the email discussion after the last meeting was endorsed. One remaining issue is how to determine the slot offset K. In our view, K should be decided automatically by PSFCH slot period N. For example, let us assume that slot n is one PSFCH slot. HARQ-ACK corresponding to PSSCH in slot n, n+1, ..., n+(N-1) is transmitted PSFCH at slot n+N, where PSSCH processing time is considered. K is N, N-1, ..., 1, respectively. The association is continued to the following slots and the set of K is fixed. This mechanism seems quite straightforward and it should be supported for NR-SL. (If PSSCH processing time is not enough, more gap can be considered as right side of fig. 4.) For this determination mechanism, multiple K values are necessary in a resource pool for N = 2, 4.
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Fig. 4: K determination (left: minimum K = 1, right: minimum K = 2).
Proposal 6:
· When Kmin is defined as the minimum value of slot offset K,
· Slot n, n+1, ..., n+(N-1) are associated with PSFCH at slot n+(N-1)+Kmin.
· For N = 1, single K value is supported, where K = Kmin.
· For N = 2, two K values are supported, where K = Kmin, Kmin+1.
· For N = 4, two K values are supported, where K = Kmin, Kmin+1, Kmin+2, Kmin+3.

Another issue is that still there are two options for the definition to count K. In fig. 5, the same color is intended for association between PSSCH and PSFCH. (Kmin is 1 as example.) In case of example 1 and both options, 
· HARQ-ACK corresponding to PSSCH in slot n, n+1, n+2, and n+3 is transmitted on PSFCH at slot n+4, where K = 4, 3, 2, and 1, respectively. 
· HARQ-ACK corresponding to PSSCH in slot n+4, n+5, n+6, and n+7 is transmitted on PSFCH at slot n+8, where K = 4, 3, 2, and 1, respectively. 
· HARQ-ACK corresponding to PSSCH in slot n+8, n+9, n+10, and n+11 is transmitted on PSFCH at slot n+12, where K = 4, 3, 2, and 1, respectively. 
· HARQ-ACK corresponding to PSSCH in slot n+12, n+13, n+14, and n+15 is transmitted on PSFCH at slot n+16, where K = 4, 3, 2, and 1, respectively.
All resources within the resource pool are in contiguous slots while some symbols in slot n and n+16 are not belonging to the resource pool. Both options work well.
Meanwhile, in case of example 2, HARQ-ACK corresponding to PSSCH in slot n+12, n+13, and n+14 cannot be transmitted till the next available resource. Latency becomes larger, which is undesirable. When option 2 is applied, HARQ-ACK corresponding to PSSCH in slot n+12, n+13, and n+14 is transmitted in slot n+16.
However, in consideration of carrier shared between Uu and SL, option 2 leads to less resource efficiency. For example, in example 3, slot n+4 to slot n+11 are unavailable for SL transmissions. In this case, if physical slot is used, PSFCH cannot be transmitted at slot n+4, which is corresponding to slot n, n+1, n+2, and n+3. To ensure PSFCH transmissions, PSCCH/PSSCH cannot be transmitted on the slots. The resources are wasted, which is undesirable. If option 1 is applied, the PSFCH transmission can be done after the unavailable part. 
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(a) Example 1
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(b) Example 2
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(c) Example 3
Fig. 5: Definition to count K.
Observation 3:
· Regarding definition to count K, there is a trade-off between resource efficiency and latency performance.
· Option 1 could reduce latency while resource efficiency will be worse in case of shared carrier.
· Option 2 could achieve better resource efficiency while latency will be larger when two resource pools are with large time-gap.
Proposal 7:
· For the definition to count K, discuss whether either option 1 or option 2 is feasible, or consider other option.

· PSFCH resource determination
	Proposal 2
· 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.
Proposal 4
· 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.


Proposal 2 and proposal 4 in the email discussion after the last meeting were endorsed for PSFCH resource determination. Still the details are FFS; hence detailed mechanism to decide PSFCH resource should be discussed.
One key point is which sub-channel PSFCH is (pre-)configured in. The following options are considerable:
· Option A: PSFCH resources are (pre-)configured in distributed PRBs
· Option B: PSFCH resources are (pre-)configured in specific sub-channel
We believe that option B is better solution than option A in terms of MPR and resource efficiency. Firstly, simultaneous transmission of multiple PSFCHs would be supported for NR-SL. In this case, larger gap of frequency resources between two PSFCHs leads to larger MPR. Larger MPR degrades PSFCH performance. To avoid this case as much as possible, less gap is desirable. Option B can achieve less gap compared to option A. Secondly, PSFCH will use small number of PRBs. The remaining PRBs are wasted if unused for other transmissions. FDM between PSCCH/PSSCH and PSFCH is precluded from NR Rel-16 since the remaining meetings are insufficient, but future release should support the FDM for better resource efficiency. To support this mechanism, option B is better since available resources are non-contiguous in option A.
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(a) Option A
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(b) Option B
Fig. 6: Frequency-domain resource for PSFCH.
Observation 4:
· PSFCH resources (pre-)configured in specific sub-channel can achieve less MPR and better resource efficiency compared to (pre-)configured in distributed PRBs.
Proposal 8:
· PSFCH resources are (pre-)configured in specific sub-channel.
· If single sub-channel has insufficient resources, more sub-channels are used.

One FFS is whether FDM is supported between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots. In our view, FDM should be supported for larger period N of PSFCH slot. When N = 2 or 4, PSFCHs used for HARQ feedback of PSSCH transmissions with the same starting sub-channel in different slots are transmitted on the same PSFCH slot. FDM and CDM are candidates for the multiplexing. Only CDM seems insufficient since CDM is also used for groupcast. Code-domain resource is at most 6 in PUCCH format 0. PSFCH format is the same as/similar to the format. Therefore, FDM should be supported for this FFS point.
Proposal 9:
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots.

Another FFS is whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient). We prefer not to support CDM for this case. Because, PSFCH performance by CDM is worse than the case of FDM. In addition, PSFCH TX power may be significantly different between two PSFCHs, which leads to larger interference. One concern will be the case that PSFCH resources are insufficient. In our understanding, such case will occur only if option 2 is enabled for HARQ feedback corresponding to groupcast transmissions. In our view, if resources are not enough for option 2, option 2 should not be used. Option 1 can be used or HARQ feedback can be disabled. For other case, each PSFCH resource uses one or a few PRBs. Amount of PSFCH resources shall be enough.
Proposal 10:
· NOT support CDM between PSFCH resources used for HARQ feedback of different PSSCH transmissions.

· TX-RX distance based HARQ feedback for groupcast
	Agreements:
· For at least option 1 based TX-RX distance-based HARQ feedback for groupcast,
· A UE transmits HARQ feedback for the PSSCH if TX-RX distance is smaller or equal to the communication range requirement. Otherwise, the UE does not transmit HARQ feedback for the PSSCH
· TX UE’s location is indicated by SCI associated with the PSSCH.
· Details FFS 
· The TX-RX distance is estimated by RX UE based on its own location and TX UE location.
· The used communication range requirement for a PSSCH is known after decoding SCI associated with the PSSCH
· FFS implicit or explicit
· FFS how to define location
· Send a response LS to SA2 including this agreement – R1-1907823 (Hanbyul, LGE), which is approved with final LS in R1-1907908


At the RAN1#97 meeting [6], the above agreements were reached for TX-RX distance-based HARQ feedback for groupcast. TX-RX distance-based HARQ feedback for groupcast for option 2 is still FFS. We believe that the feature of TX-RX distance-based HARQ feedback should be precluded if enabled HARQ-ACK feedback option on groupcast is option 2. The main motivation of option 2 (both ACK and NACK feedback) is to know DTX. If HARQ-ACK is not received, the TX-UE can assume DTX of the RX-UE. After the DTX detection, the TX-UE can do retransmission. However, if TX-RX distance-based HARQ feedback is applied, no reception of HARQ-ACK means two cases: DTX of RX-UE and larger distance than threshold. Retransmission is necessary for the first case while unnecessary for the second case. The benefit is lost; therefore, option 2 becomes meaningless. To avoid this situation, the following proposal is provided.
Observation 5:
· If HARQ feedback option 2 on groupcast is enabled, and if TX-RX distance-based HARQ feedback is applied, the main motivation of option 2 (DTX detection) is lost.
Proposal 11:
· For HARQ feedback option 2 on groupcast, TX-RX distance-based HARQ feedback is disabled.

· CBG-based HARQ feedback
In NR Rel-15, CBG-based HARQ feedback is supported for better resource utilization efficiency because if some CBG decoding is successful, the CBG is not retransmitted even if the TB is not decoded correctly. However, CBG-based operation requires multiple HARQ-ACK bits for a TB, which makes spec. more complexity; for example, PSFCH format aspect, HARQ-ACK bits multiplexing aspect, and TB-base/CBG-base switching aspect. Furthermore, resource for HARQ-based retransmission will be reserved by the prior transmission. That is, regardless of which CB is decoded successfully, the amount of reserved resource will be enough to transmit all of the CBGs. There is little gain in terms of resource utilization efficiency. As additional reason, CBG-based operation is not mandatory feature but optimization. Considering large scope in Rel-16 NR-V2X, it is desirable to drop this feature in Rel-16 NR V2X. Therefore, we provide the following proposal.
Proposal 12:
· CBG-based HARQ feedback is not supported at least in Rel-16 NR-SL.

2.4. CSI acquisition
· SL-CSI reporting layer
For SL-CSI reporting, reporting layer has not been decided yet. Following options were mentioned by companies:
· Option I: PHY layer
· Option II: MAC layer
We believe that SL-CSI report should be transmitted by PHY layer signaling. UCI multiplexing on PUSCH in NR Rel-15 illustrated as fig. 7 can be used for the multiplexing. Concern of option I is additional UE implementation. In NR Rel-15, UE implementation covers UCI multiplexing on PUSCH from transmitter perspective. Receiver side is gNB, so there is no need to implement receiver side. In NR-SL, all UEs are both TX-UE and RX-UE. To support option I, UCI multiplexing from receiver perspective needs to be implemented. However, in our understanding, option II also requires additional UE implementation. For example, MAC CE can be considered as feature of MAC layer to transmit SL-CSI report. In NR Rel-15, MAC CE is used for BSR, C-RNTI, SCell activation/deactivation, etc. Of course, there is no MAC CE definition for CSI report. To support this purpose, new implementation of MAC CE is necessary. Therefore, there seems no difference between option I and option II in terms of UE implementation. Meanwhile, option I reuses UCI multiplexing on PUSCH while option II is completely new feature. Option II needs large effort of RAN2. In terms of spec. impact, option I is better mechanism. No difference is assumed from other aspects; hence, option I is preferred.
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Fig. 7: UCI multiplexing on PUSCH in NR Rel-15.
Observation 6:
· Additional UE implementation seems necessary regardless of whether SL-CSI report is transmitted on PHY layer or MAC layer.
Proposal 13:
· SL-CSI report is transmitted on PHY layer.

· SL-CSI reporting configuration
In NR Rel-15, many parameters for CSI reporting are associated with a CSI report configuration (CSI-ReportConfig). Some of the parameters are needed for SL-CSI reporting as well.
Regarding reportQuantity, which CSI type is requested is determined. One CSI type is associated among none, cri-RI-CQI, cri-RI-PMI-CQI, cri-RSRP, etc. PMI reporting is not supported for NR-SL, but at least none and cri-RI-CQI are supportable. It is noted that in case of none, associating aperiodic CSI-RS is transmitted but no CSI report is assumed. In addition in future release, beam management will be supported. In this case, L1-RSRP reporting is necessary for beam management. In NR Rel-15, cri-RSRP/ssb-Index-RSRP is configured for reportQuantity. NR-SL will reuse the mechanism for L1-RSRP reporting on SL. Regarding cqi-Table, one CQI table is associated among three tables in NR Rel-15. The three CQI tables are feasible for NR-SL; hence, one table needs to be selected.
Based on the analysis, multiple SL-SCI reporting configurations should be configurable and one configuration should be selectable by each SL-CSI reporting triggering in SCI. SL-CSI reporting is available for unicast transmission, where PC5-RRC signalling can be used. Therefore, to configure them by PC5-RRC configuration is the feasible solution.
Proposal 14:
· One or more SL-CSI reporting configurations are PC5-RRC-configured and one configuration is indicated by aperiodic SL-CSI reporting triggering in SCI.

· SL-CSI reporting timing
An important aspect of SL-CSI reporting is timing of SL-CSI reporting. In NR Rel-15, gNB triggers a CSI reporting with reporting timing/resource, and then the UE transmits the CSI report on the indicated PUSCH to gNB (in case of aperiodic CSI report). Meanwhile, in SL operation, whether each resource is available or not depends on sensing results. That is, even when a UE requests a SL-CSI report to another UE with a resource for the SL-CSI report, the requested UE may not be able to transmit the SL-CSI report on the indicated resource. This situation is similar to PSSCH-PSFCH association, but the same solution is not reasonable since SL-CSI report is conveyed on PSSCH. Therefore, SL-CSI reporting timing should be up to RX-UE. SL-CSI reporting is performed by the same mechanism as data transmission.
Observation 7:
· SL-CSI report indicated to transmit at slot n by TX-UE may not be transmitted at slot n due to sensing results.
Proposal 15:
· SL-CSI reporting timing is up to RX-UE.

One concern about the above timing selection is that TX-UE cannot know when the RX-UE reports the SL-CSI report. When TX-UE does not receive the SL-CSI report shortly, the SL-CSI report trigger may be failed, the SL-CSI report reception may be failed, or just the RX-UE may postpone the SL-CSI report. TX-UE cannot distinguish them. If SL-CSI reporting triggering or SL CSI reporting is failed, TX-UE will retrigger, which is desirable for better transmission performance. Accordingly, we believe that SL-CSI reporting window should be introduced so that TX-UE judges whether retriggering of the SL-CSI report is necessary or not. If SL-CSI report is not received in the window, TX-UE can assume that the SL-CSI reporting is failed. As abovementioned, SL-CSI reporting is available for unicast transmission, where PC5-RRC signalling can be used. The length of the SL-CSI reporting window can be PC5-RRC-configured. 
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Fig. 8: SL-CSI reporting window.
Proposal 16:
· Support SL-CSI reporting window.
· SL-CSI is reported within the window.
· If SL-CSI report is not received in the window, it is assumed that the SL-CSI report is failed.

2.5. Power control
· SL pathloss-based open loop power control for groupcast
	Agreements:
· For the SL open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· When the SL open-loop power control is configured to use both DL pathloss and SL pathloss,
· The minimum of the power values given by open-loop power control based on DL pathloss and the open-loop power control based on SL pathloss is taken.
· (Working assumption) P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.


At the RAN1#97 meeting [6], the above agreements were reached for SL pathloss-based open loop power control. One concern of SL pathloss-based OLPC is groupcast case. In groupcast, a part of RX-UEs’ RSRP information may be unavailable at TX-UE. If TX-UE applies SL pathloss-based OLPC in this case, some UEs in the group cannot receive the groupcast transmission. For example, as fig. 8, UE#D is the farthest from UE#A. UE#A has RSRP information of UE#B and UE#C, but does not that of UE#D. If UE#A applies SL pathloss-based OLPC, UE#A transmits groupcast with transmit power where UE#B and UE#C can receive it. The groupcast transmission is not received by UE#D. That is, the SL pathloss-based OLPC is unreasonable for such a case. To avoid this case, a restriction to apply SL pathloss-based OLPC is feasible for groupcast, where all RX-UEs’ RSRP information needs to be available at TX-UE. TX-UE can apply SL pathloss-based OLPC based on the smallest RSRP information.
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Fig. 9: SL pathloss-based OLPC for groupcast
Proposal 17:
· If all UEs’ RSRPs are available at TX-UE, SL pathloss-based OLPC is applicable.
· Otherwise, SL pathloss-based OLPC is not allowed.

· Power control for PSFCH
PSFCH power control needs to be discussed. In consideration of current WI workload, we believe that the same power control mechanism as that for PSSCH is sufficient. No need to specify PSFCH power control with completely different mechanism from that for PSSCH. Note that PSSCH and PSFCH coverage and requirement will be different. P0 and alpha should be managed as different series from those for PSSCH.
Proposal 18:
· The same power control mechanism as that for PSSCH is applied.
· P0 and alpha are defined separately from those for PSSCH.

· RSRP measurement for open loop power control
For OLPC (and RLF/RLM), RSRP measurement/feedback is necessary. One considerable topic is pathloss reference RS. In NR Rel-15, higher layer parameter pathlossReferenceRS is configured per PUCCH/PUSCH/SRS to measure pathloss and apply power control. SSB and CSI-RS are the candidates as pathlossReferenceRS. For NR-SL, S-SSB is not suitable for this purpose, and DM-RS or CSI-RS is possible solution. S-SSB might not be received by some UEs since transmission timing of S-SSB would be overlapped. Among CSI-RS and DM-RS, our preference is CSI-RS for pathlossReferenceRS. The reason is forward compatibility. In future release, beam management would be support in NR-SL. In this case, QCL and TCI-state concept will be introduced, where beam switching can be considered for RSRP calculation by using CSI-RS. It cannot be considered if DM-RS is used for pathlossReferenceRS. Both of DM-RS and CSI-RS are feasible for pathlossReferenceRS in NR-SL Rel-16, and not so much difference is assumed. Therefore, CSI-RS is better for RSRP measurement. Note that DM-RS is also applicable but whether/how to use can be up to UE implementation.
Proposal 19:
· CSI-RS is used for RSRP measurement.
· One CSI-RS configuration is set as pathloss reference RS.
· DM-RS can be used as well. Whether/how is up to UE implementation.

As discussed above, RSRP-feedback-based OLPC will be supported. That is, UE#A transmits RS to UE#B, and UE#B reports RSRP to UE#A (termed as RSRP information #1). Meanwhile, RSRP can be measured from RS received by TX-UE itself. UE#B transmits RS to UE#A, and then UE#A measures RSRP from the received RS (termed as RSRP information #2). One question is, for SL pathloss-based OLPC, can UE#A use both RSRP information #1 and RSRP information #2, or either? Considerable options are the following:
· Option 1: both are available and either is prioritized if any
· Option 2: both are available and combined if any
· Option 3: only RSRP information #1 is available
· Option 4: only RSRP information #2 is available
We believe that option 1 or option 2 should be supported since system performance/power control performance can be better. If either RSRP information #1 or RSRP information #2 is available, the UE does not need to try to obtain the other. If both are available, power control with more accuracy can be provided. There is no certain reason to prohibit option 1 and option 2. Note that, whether/how to use the two information should be up to UE implementation since WI workload should not be increased.
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(a) RSRP information #1			(b) RSRP information #2
Fig. 10: Two flows of RSRP information acquisition
Proposal 20:
· For SL pathloss-based OLPC, the following two RSRP information are applicable by TX-UE. Whether/how is up to UE implementation.
· RSRP information feedbacked from RX-UE
· RSRP information measured by TX-UE from RS transmitted by RX-UE

3. Conclusion
In this contribution, we discussed SL physical layer procedure for NR V2X. Proposals are summarized as following: 
Proposal 1:
· For TBS determination, baseline is the mechanism defined in NR Rel-15 and updates to solve the following issues are applied.
·  in NR Rel-15 does not assume difference of DM-RS for PSSCH per PRB.
· Candidates value of  is not enough for NR-SL.
Proposal 2:
· Whether mode 2 in the carrier component shared between UL and SL should be clarified.
· LS reply from RAN1 to RAN2 requests to consider service type (eMBB and URLLC) for prioritization between UL and SL.
Proposal 3:
· Discuss whether HPN/NDI is managed per link or not.
Observation 1:
· Unnecessary PSFCH transmission should be avoided to reduce PSFCH TX/TX overlap and TX/RX overlap as much as possible.
Proposal 4:
· HARQ-ACK corresponding to SL-CSI report on PSSCH without SL data is not generated/transmitted.
Observation 2:
· For blind retransmissions, only one bit HARQ feedback corresponding to the initial transmission and the blind retransmissions lead to some issues.
Proposal 5:
· For blind retransmissions, HARQ-ACK corresponding to every (re)transmission is transmitted.
Proposal 6:
· When Kmin is defined as the minimum value of slot offset K,
· Slot n, n+1, ..., n+(N-1) are associated with PSFCH at slot n+(N-1)+Kmin.
· For N = 1, single K value is supported, where K = Kmin.
· For N = 2, two K values are supported, where K = Kmin, Kmin+1.
· For N = 4, two K values are supported, where K = Kmin, Kmin+1, Kmin+2, Kmin+3.
Observation 3:
· Regarding definition to count K, there is a trade-off between resource efficiency and latency performance.
· Option 1 could reduce latency while resource efficiency will be worse in case of shared carrier.
· Option 2 could achieve better resource efficiency while latency will be larger when two resource pools are with large time-gap.
Proposal 7:
· For the definition to count K, discuss whether either option 1 or option 2 is feasible, or consider other option.
Observation 4:
· PSFCH resources (pre-)configured in specific sub-channel can achieve less MPR and better resource efficiency compared to (pre-)configured in distributed PRBs.
Proposal 8:
· PSFCH resources are (pre-)configured in specific sub-channel.
· If single sub-channel has insufficient resources, more sub-channels are used.
Proposal 9:
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots.
Proposal 10:
· NOT support CDM between PSFCH resources used for HARQ feedback of different PSSCH transmissions.
Observation 5:
· If HARQ feedback option 2 on groupcast is enabled, and if TX-RX distance-based HARQ feedback is applied, the main motivation of option 2 (DTX detection) is lost.
Proposal 11:
· For HARQ feedback option 2 on groupcast, TX-RX distance-based HARQ feedback is disabled.
Proposal 12:
· CBG-based HARQ feedback is not supported at least in Rel-16 NR-SL.
Observation 6:
· Additional UE implementation seems necessary regardless of whether SL-CSI report is transmitted on PHY layer or MAC layer.
Proposal 13:
· SL-CSI report is transmitted on PHY layer.
Proposal 14:
· One or more SL-CSI reporting configurations are PC5-RRC-configured and one configuration is indicated by aperiodic SL-CSI reporting triggering in SCI.
Observation 7:
· SL-CSI report indicated to transmit at slot n by TX-UE may not be transmitted at slot n due to sensing results.
Proposal 15:
· SL-CSI reporting timing is up to RX-UE.
Proposal 16:
· Support SL-CSI reporting window.
· SL-CSI is reported within the window.
· If SL-CSI report is not received in the window, it is assumed that the SL-CSI report is failed.
Proposal 17:
· If all UEs’ RSRPs are available at TX-UE, SL pathloss-based OLPC is applicable.
· Otherwise, SL pathloss-based OLPC is not allowed.
Proposal 18:
· The same power control mechanism as that for PSSCH is applied.
· P0 and alpha are defined separately from those for PSSCH.
Proposal 19:
· CSI-RS is used for RSRP measurement.
· One CSI-RS configuration is set as pathloss reference RS.
· DM-RS can be used as well. Whether/how is up to UE implementation.
Proposal 20:
· For SL pathloss-based OLPC, the following two RSRP information are applicable by TX-UE. Whether/how is up to UE implementation.
· RSRP information feedbacked from RX-UE
· RSRP information measured by TX-UE from RS transmitted by RX-UE

References
[1] 3GPP TS 38.214	Physical layer procedures for data
[2] [bookmark: _GoBack]R1-1911168	Sidelink physical layer structure for NR V2X	NTT DOCOMO, INC.
[3] R1-1909944	LS on UL-SL prioritization	RAN2
[4] RP-190766		New WID on 5G V2X with NR sidelink		LG Electronics, Huawei
[5] 3GPP RAN1#98 meeting,	chairman’s notes
[6] 3GPP RAN1#97 meeting,	chairman’s notes
- 16/17 -
image3.emf
UE#A

UE#B

1. CSI request with SL-CSI-RS

2. CSI report on PSSCH without SL data

3. HARQ-ACK


image4.emf
PSSCH

PSCCH

Slot

Sub-channel

PSSCH

PSCCH

Initial TX

Blind ReTX

PSFCH

PSFCH


image5.emf
PSSCH

PSCCH

Slot

Sub-channel

PSSCH

PSCCH

Initial TX

Blind ReTX

PSFCH

PSFCH


image6.emf
Slot

PSFCH symbol(per 4 slots)

Sub

-

channel

PSSCH-PSFCH association

n n+1 n+2 n+3 n+4


image7.emf
Slot

PSFCH symbol(per 4 slots)

Sub

-

channel

PSSCH-PSFCH association

n n+1 n+2 n+3 n+4 n+5


image8.emf
Resource 

Pool

Slot

PSFCH symbol(per 4 slots)

Sub

-

channel

PSSCH-PSFCH association

n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 n+10n+11n+12n+13n+14n+15n+16

K= 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1


image9.emf
Resource 

Pool

Slot

PSFCH symbol(per 4 slots)

Sub

-

channel

PSSCH-PSFCH association

n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 n+10n+11n+12n+13n+14n+15n+16

K= 4 3 2 1 4 3 2 1 4 3 2 1 4 3 2


image10.emf
Resource 

Pool

Slot

PSFCH symbol(per 4 slots)

Sub

-

channel

PSSCH-PSFCH association

n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 n+10n+11n+12n+13n+14n+15n+16

K= 4 3 2 1 4 3 2

DL part


image11.emf
PSCCH

PSSCH

PSFCH

Sub-channel

Slot


image12.emf
Sub-channel

Slot


image13.emf
HARQ-ACK: up to 2 bits 



Puncture

HARQ-ACK: more than 2 bits 



Rate-matching

HARQ-ACK is mapped 

behindfirst DMRS

CSI is mapped 

from first OFDM symbol

CSI part 1 is not mapped 

on reserved REs

CSI part 2 can be mapped 

on reserved REs

UL-SCH can be FDMed

with DMRS(for CP-OFDM)

UCI is distributed

in frequency domainif possible

t

f

Reserved for HARQ-ACK

HARQ-ACK DMRS

CSI part1

CSI part2

UL-SCH

HARQ-ACK is mapped 

behind first DMRS


image14.emf
PSCCH to transmit SCI with SL-CSI request

PSSCH with SL-CSI-RS

TX-UE



RX-UE

Slot X

X+Y

X+Y+Z

CSI reporting window

No CSI reporting in window CSI report is failed


image15.emf
UE#A

UE#B

RSRP feedback

UE#D

UE#C

•

UE#B RSRP

•

UE#C RSRP

RSRP feedback


image16.emf
TX-UE

RX-UE

RS

RSRP

RSRP#1


image17.emf
TX-UE

RS

RX-UE RSRP#2


image1.emf
-HPN: AB#0

-NDI: 0

-Unicast (UE#A



UE#B)

-HPN: AC#0

-NDI: 1

-Unicast (UE#A



UE#C)

-HPN: AB#0

-NDI: 1

-Unicast (UE#A



UE#B)

ACK

NACK

Initial transmission

Toggling


image2.emf
-HPN: AB#0

-NDI: 0

-Unicast (UE#A



UE#B)

-HPN: CB#0

-NDI: 1

-Unicast (UE#C



UE#B)

-HPN: AB#0

-NDI: 0

-Unicast (UE#A



UE#B)

NACK

NACK

Initial transmission

Un-toggling


