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This contribution discusses some issues related to sidelink physical layer procedures, based on the current 3GPP progress, including physical layer IDs, HARQ, CSI acquisition for unicast, power control, etc.
Discussion
Physical layer IDs 
In NR V2X SI [1], it has been agreed that layer-1 destination and source IDs can be included in SCI. To control size of SCI, too many bits are not allowed for both of them. In RAN1 previous meetings, several companies proposed to use 8 bits extracted from 24 bits of layer-2 destination/source ID for layer-1 destination/source ID, respectively. As only partial bits of layer-2 ID are carried by layer-1 ID, several UEs with different layer-2 IDs will share layer-1 IDs definitely and collision will happen.
Collision of layer-1 IDs will cause failure for combination of PSSCH initial transmission and retransmissions based on HARQ feedback, as the RX UE cannot distinguish PSSCH from different links but with the same layer-1 IDs. One solution for this is to reserve resources for potential retransmissions based on HARQ feedback, and indicate the reserved resources in SCI for all potential transmissions. With such resource reservation, the RX UE can combine the PSSCH according to the resource locations of initial transmission and retransmissions as indicated in SCI, even when the layer-1 ID collision happens. However, this will cause resource waste of overbooking resources for retransmissions when HARQ ACK is received, and if releasing the reserved resources for other UEs’ further use is supported, additional mechanism should be designed.
Proposal 1: Collision of layer-1 destination and source IDs should be solved, FFS collision reduction mechanism. 
HARQ 
1.1.1 HARQ feedback resource determination
In last RAN 1 meeting, it has been agreed that PSFCH resources can be (pre)configured periodically with a period of N slot(s), where N is configurable, with values 1 and at least one more value >1. Regarding to the case N>1, it may help to save using AGC symbol and TX/RX switching gap between PSSCH and PSFCH, however, it will deteriorate half duplex and transmission collision problem of PSFCH. In the following, our analysis on this issue is provided. Generally, there are two scenarios to be considered for N>1. In scenario 1, there exist multiple values of actual time gap between PSSCH and associated PSFCH, and thus, for multiple PSSCHs in different time slots within a period of N, the associated PSFCHs are transmitted in the same slot, as shown in Figure 1 (a). In scenario 2, PSSCH is transmitted across multiple slots, i.e., slot aggregation, and there exists one fixed value of actual time gap between PSSCH and associated PSFCH as shown in Figure 1 (b).  


(a) N=2 : scenario 1


(b) N=2: scenario 2
Figure 1. PSFCH configuration with a periodicity of N=2
In scenario 1, due to different values of actual time gap between PSSCH and PSFCH are adopted to enable utilizing PSFCH resource sparse in time domain, more half duplex occasions of PSFCH will be caused, compared to the case that each slot has PSFCH resource. Take Figure 2 together with Figure 1 (a) for illustration, UE 1 transmits PSSCH2 to UE 3 at slot 1, and UE 3 is expected to transmit the associated PSFCH at slot 3, on the other hand, UE 3 transmits PSSCH3 to UE 2 at slot 2, also UE 2 is expected to transmit the associated PSFCH at slot 3. For UE 3, it has to both transmit and receive PSFCH at slot 3, which causes half duplex. However, such half duplex problem can be avoided by using one fixed time gap between PSSCH and PSFCH with each slot having PSFCH resource.
Observation 1: For PSFCH configuration with a periodicity N>1, if different values of actual time gap between PSSCH and PSFCH are allowed in a resource pool, more serious half duplex of PSFCH will happen.


Figure 2. Half duplex problem in N>1 
Furthermore, different values of actual time gap between PSSCH and PSFCH in a resource pool also cause more PSFCH collision. Take Figure 3 together with Figure 1 (a) for illustration, UE 1 transmits PSSCH2 to UE 3 at slot 1, and UE 3 is expected to transmit the associated PSFCH at slot 3, on the other hand, UE 2 transmits PSSCH3 to UE 3 at slot 2, and UE 3 is also expected to transmit the associated PSFCH at slot 3. For UE 3, it has to transmit two PSFCHs at slot 3, which are targeted for two different UEs, and it may not be able to integrate them into one PSFCH. Thus, UE 3 has to transmit two PSFCHs simultaneously, which depends on UE capability, otherwise, it has to drop one PSFCH. However, such collision problem can be avoided by using one fixed time gap between PSSCH and PSFCH with each slot having PSFCH resource.


Figure 3. PSFCH collision in N>1
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 2: For PSFCH configuration with a periodicity N>1, if different values of actual time gap between PSSCH and PSFCH are allowed in a resource pool, more serious PSFCH collision will happen.
In scenario 2, as shown in Figure 1 (b), one fixed time gap between PSSCH and PSFCH is used, the half-duplex and transmission collision problem of PSFCH discussed above will not happen. However, as the PSFCH resources exist at only some of slots, the available number of resources for PSSCH transmission will be different between slots with and without PSFCH resource. Therefore, for PSSCH with blind retransmission, the MCS varies, which will be different with NR Uu design.
According to our analysis above, we conclude:
Proposal 2: For PSFCH configuration with a periodicity N>1, different values of actual time gap between PSSCH and PSFCH are not supported in a resource pool.
In addition to the time domain PSFCH resource as discussed above, we will discuss how to determine the PSFCH resource in frequency domain. Generally, there are two alternatives: 
· Alt 1: Frequency resource of PSFCH is associated with the associated PSCCH/PSSCH
· Alt 2: Frequency resource of PSFCH is flexible
Regarding to the determination of frequency resource for PSFCH, the simplest way is that PSFCH and the associated PSCCH use the same frequency resource. The receiver UE transmits the HARQ feedback in a specific reserved frequency resource in the (pre-) configured time instance after data decoding. The assumptions behind this method are two: 1) The HARQ feedback resource has to be reserved by default; 2) PSFCH and the associated PSCCH always use the same number of RBs/subchannels, although not flexible enough but easy to implement. Alternatively, the frequency resource of PSFCH can be a subset of the frequency resources used for the associated PSSCH, because PSSCH may occupy more than one RB/subchannel. The specific subset needs to be predefined or indicated to the receiver UE. 
Comparing to Alt 1, Alt 2 is a flexible way where the PSFCH frequency resource is dynamically indicated, by including frequency resource allocation field(s) in the SCI, or implicitly deriving/indexing from a (pre)configured transmission pattern/table/hash function. 
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· Alt 1: (pre)configured or fixed
· Alt 1a): Frequency resource of PSFCH is associated with the associated PSCCH
· Alt 1b): Frequency resource of PSFCH is associated with the associated PSSCH
· Alt 2: Flexible (dynamically indicated by SCI)
1.1.2 CBG-based SL HARQ feedback
In previous meetings, it has been discussed on whether to support CBG-based SL HARQ feedback, but no consensus reached. 
According to CBG-based SL HARQ feedback, when part of CBGs are error decoded, the error decoded CBGs will be retransmitted instead of the whole TB. Therefore, supporting SL HARQ feedback per CBG is helpful to increase resource efficiency for retransmission. However, only unicast transmission may benefit from CBG-based retransmission. For groupcast transmission, it is difficult for TX UE to send only error decoded CBGs, since different UEs in a group may have different error decoded CBGs and as a consequence it is possible that the set of error decoded CBGs among the group is exactly the set of CBGs consisting of the TB transmitted by the TX UE. In this case, the whole TB needs to be retransmitted which causes CBG based retransmission to be meaningless. From this perspective, CBG-based retransmission is not suitable for groupcast. 
The main scenarios for CBG-based HARQ feedback in NR Uu are: 1) Large TB size; 2) URLLC & eMBB multiplexing. Considering the maximum payload size is 12000 Bytes in the requirements to support advanced driving, and the minimum max end-to-end latency is 3 ms [3GPP TR 22.186], it is not intuitive to determine the necessity of supporting CBG-based SL HARQ feedback. Furthermore, Support of CBG-based operation will impact the PSFCH format design, since number of feedback bits increases. 
Whether to support CBG-based SL HARQ feedback still needs to discuss, including the scenarios, conditions, benefits and impacts on other channel design, et al. If support, the design in NR Uu is a starting point. 
Based on above analysis, we propose that
Proposal 4: If CBG-based SL HARQ feedback is supported,
· This feature is turned ON/OFF by (pre)configuration or dynamic indication. 
· When turns ON, certain condition (e.g., very large TB size) can be considered to confirm the actual use of the CBG-based SL HARQ feedback.
· This feature is only for unicast transmission.
1.1.3 HARQ feedback for groupcast 
In last RAN1 meeting, a working assumption has been achieved regarding to the use of TX-RX geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast and, whether or not to additionally use L1-RSRP is FFS. From our perspective, RSRP is not qualified to determine whether to send HARQ feedback, as the value of RSRP highly depends on channel condition. For UEs which are near to the transmit UE but suffering from blocking, the measured RSRP will be quite low, if HARQ feedback is not sent in this case, there is definitely performance loss.
Proposal 5: Not support using L1-RSRP to determine whether to send HARQ feedback for groupcast.
Furthermore, regarding to TX-RX distance, some group members satisfying constraint will send HARQ feedback, while the other group members will not. Then, we have to consider whether the number of group members satisfying TX-RX distance and their individual IDs should be known to the TX UE or not. In option 1, only HARQ NACK is transmitted by the RX UEs and one common HARQ feedback resource can be allocated for group members, in this case, if the TX-RX distance constraint applies, each individual group member can determine whether to send HARQ NACK on the common feedback resource based on both TX-RX distance and its own decoding result. At the TX UE side, it will retransmit data if NACK is detected on the common feedback resource. Thus, the TX UE does not need to know the number of group members satisfying TX-RX distance and their individual IDs in option 1. 
In option 2, RX UE transmits HARQ ACK/NACK, and dedicated feedback resource has to be allocated to each group member, and thus, if the TX-RX distance constraint applies, the TX UE needs to know the number of group members satisfying TX-RX distance and their individual IDs, otherwise, the TX UE may be not able to distinguish between DTX and not satisfying TX-RX distance constraint of a certain group member, if no feedback is received from it. However, the actual TX-RX distance between the TX UE and one RX UE may change frequently, also some UEs may leave the group and some new UEs may join. These updated information has to be always known to the TX UE, causing large signalling overhead, and thus, TX-RX distance constraint is not preferred in option 2.
Proposal 6: Support to apply TX-RX distance constraint to option 1 only.
1.1.4 HARQ feedback collision
During NR sidelink transmission, some RX UE may need to receive multiple unicast transmissions from different TX UEs. For example, a V-UE can receive data/control information from another V-UE. Meanwhile, there is a P-UE connecting to this V-UE via unicast transmission. Thus, it is possible to encounter the case of multiple PSFCHs occurring in the same slot. To solve this issue, we have at least the following two options:
Option-1: Enable FDM-ed transmission for multiple PSFCHs.
Option-2: Introduce certain dropping criterion allowing only fixed number of PSFCH transmissions within one slot.
More investigations are necessary to the two options in terms of pros and cons.
Proposal 7: Identify possible sidelink HARQ-ACK collision scenarios and discuss the solutions for HARQ-ACK collision issue.
CSI acquisition for unicast
According to NR V2X WID [1], sidelink CSI is delivered using PSSCH (including PSSCH containing CSI only) and using the resource allocation procedure for data transmission. Furthermore, CQI/RI reporting is supported and they are always reported together.
In sidelink mode 1, gNB allocates sidelink resources to TX UE for PSSCH/PSCCH transmission. If sidelink CSI for a certain link is available at gNB side, it will be able to allocate proper resources by considering not only the buffer size but also channel condition of a certain link, and thus, the resource efficiency can be effectively improved in mode 1.
Regarding sidelink UE transmitting sidelink CSI to gNB, either PUCCH or PUSCH can be used, same as CSI reporting of Uu link. Also, mechanism of differentiation between CSI reporting of sidelink and Uu link from the same UE should be considered. 
Proposal 8: Sidelink CSI reporting to gNB is supported and should be differentiated with Uu link CSI reporting.
Considering that sidelink CSI is delivered using PSSCH and based on aperiodic CSI reporting mechanism, periodic PSSCH for sidelink CSI may be a waste of resources, and PSSCH resources can be allocated or selected only when CSI reporting is triggered.
For the RX UE which is triggered for sending CSI reporting, the PSSCH resources can be obtained from gNB if it works in mode 1, or obtained by sensing if it works in mode 2. Then, in the SCI associated with the PSSCH carrying CSI reporting, the RX UE can indicate the target TX UE for receiving the CSI information, so that the TX UE which triggers the CSI reporting can identify the desired one. In this case, it only requires that the PSSCH transmitting resource pool of the RX UE is included by the PSSCH receiving resource pool of the TX UE. 
On the other hand, if the TX UE determines the PSSCH resource for the RX UE for CSI reporting, it will be quite complicated. First, the TX UE and the RX UE may work in different modes, i.e., the TX UE works in mode 1 and the RX UE works in mode 2, and vice versa, it may be not possible for the TX UE to allocate proper PSSCH resource for the RX UE. Even if both the TX UE and the RX UE work in same mode, indication the determined PSSCH resources to the RX UE requires additional control signalling. Therefore, it is preferred that PSSCH resources are determined by the RX UE which is triggered for sending CSI reporting. 
Proposal 9: Support that RX UE determines the PSSCH resources to carry sidelink CSI. 
Since PMI feedback is not supported in sidelink, some PMI-related/precoder issue should be reconsidered for their presence. First, the concept of PRG may still be utilized for sidelink. The size of PRG can reuse Uu’s definition or depend on the bandwidth of resource pool, which deserves further discussion. Without any PMI information, TX UE may determine the precoders based on channel reciprocity. Second, the sidelink CSI reporting can reuse Uu non-PMI reporting, which also means no codebook-design is needed.
Proposal 10: Uu non-PMI scheme could be a start point for sidelink CSI acquisition/feedback. 
In Uu link, we have IMR for interference measurement. In sidelink, IMR may not be necessary for some reasons. First, interference can also be evaluated on CMR. Second, during the sensing procedure TX UE will evaluate the interference level which is equivalent to the functionality of IMR. Third, one of the main function of IMR is to evaluate the MU-interference, which is not the case in sidelink.
Proposal 11: No need to introduce IMR.
Power control 
In previous meetings, it was agreed to support sidelink open-loop power control and both sidelink pathloss and Uu pathloss are applied to sidelink open-loop power control. 
Take the following figure as example.


For different scenarios listed below, different carriers may belong to different scenarios, which may cause that the SL transmission power in different carrier is different.
Scenario 1: SL Pathloss is lower than Uu Pathloss1 or Uu Pathloss2 
Scenario 2: SL Pathloss is higher than Uu Pathloss 1 or Uu Pathloss2
In order to realize bidirectional unicast, it is reasonable to consider the switching between these two scenarios. In scenario 1, UE1 and UE2 can carry out bidirectional transmission as the transmission power is determined by SL pathloss. Once any UE finds that SL pathloss is higher than Uu pathloss, the transmission power needs to be determined by Uu pathloss in order to mitigate interference to UL reception at gNB. However, if the Uu pathloss is adopted as upper bound for Tx power, the bidirectional transmission may not be applicable when the sidelink pathloss is significantly larger than the Uu pathloss. In that case, the Rx UE has difficulty to receive and decode the packet due to low SINR.
Proposal 12: RAN1 needs to deal with the scenario if SL pathloss is higher than Uu pathloss. 
In order to match the coverage of the PSCCH channel and the associated PSFCH channel, power control of the PSFCH channel is required. As the payload between PSCCH and PSFCH would have large differences, and the interference level on both sides of TX UE and RX UE is different. In addition, the required performance of PSCCH/PSSCH and PSFCH are different, hence different received SINR for different channel is required when decoding PSCCH and PSFCH. Therefore, it should separately set power control parameters (e.g. P0, alpha) to the different channels.
Proposal 13: Power control parameters of PSFCH should be separately configured from PSCCH/PSSCH.
In the RAN1#96 meeting, it was agreed that TX UE derives sidelink pathloss from the SL RSRP reported by the RX UE. So far which reference signal is used for RSRP measurement is still not clear. Unlike Uu pathloss estimation, SL-SSB is not suitable for RSRP measurement. Different SL-SSBs from different TX UEs may have same SLSS ID, in which case the RX UE cannot identify which SSB needs to be measured. Since periodic sidelink reference signal other than SL-SSB is not supported in V2X, aperiodic reference signal could be used for SL RSRP measurement. There are two options for aperiodic reference signal, one is the DMRS of PSSCH, and the other is the aperiodic CSI-RS used for CSI acquisition. 
Proposal 14: Aperiodic reference signal such as DMRS of PSSCH and/or aperiodic CSI-RS should be used for SL RSRP measurement.
In order to obtain a reasonable indication of the sidelink pathloss, the UE should filter the sidelink pathoss estimate with a suitable time-window to remove the effect of fast fading. Typical filter lengths are between 100 and 500 ms for effective operation. The remaining issue is which UE performs higher layer filtering. Two options are proposed in [2]:
· Option 1: Support Layer-1 SL-RSRP reporting, and Layer-3 filtering is performed by UE transmitting RS for RSRP measurement 
· Option 2: UE transmitting RS for RSRP measurement indicates relevant information about the transmit power of the RS, and UE receiving RS for RSRP measurement reports Layer-3 filtered RSRP
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]For option 1, the RX UE should feedback Layer-1 SL-RSRP after each measured instance. In contrast, for option 2, the RX UE only feedback Layer-3 SL-RSRP once during each filtering window. Therefore, the resource consumption in option 2 is lower compared to option 1. Since the reference signal used for SL RSRP measurement (e.g. DMRS of PSSCH or aperiodic CSI-RS) is transmitted in association with PSCCH and PSSCH, the missed detection probability of this signal is relatively low. In that case, the SL RSRP of option 1 and option 2 have similar detection accuracy. Furthermore, if the EPRE of the reference signal remains constant during the filtering window, there is no need to indicate the transmit power of the reference signal from TX UE in option 2.
Proposal 15: The UE receiving the reference signal for RSRP measurement reports layer-3 filtered RSRP.
In order to assist the gNB to schedule the sidelink transmission resources to different V2X UEs in an appropriate way, it is important that the V2X UE can report its available power headroom to the gNB. The gNB can use the sidelink power headroom reports (SL-PHRs) to determine how much more sidelink transmission resources per slot a V2X UE is capable of using. This can help to avoid allocating excessive sidelink transmission resources to V2X UEs. Therefore, sidelink power headroom reporting should be supported in NR V2X.
Proposal 16: Support sidelink power headroom reporting in NR V2X.
Conclusions
The following conclusions are proposed:
Observation 1: For PSFCH configuration with a periodicity N>1, if different values of actual time gap between PSSCH and PSFCH are allowed in a resource pool, more serious half duplex of PSFCH will happen.
Observation 2: For PSFCH configuration with a periodicity N>1, if different values of actual time gap between PSSCH and PSFCH are allowed in a resource pool, more serious PSFCH collision will happen.
Proposal 1: Collision of layer-1 destination and source IDs should be solved, FFS collision reduction mechanism.
Proposal 2: For PSFCH configuration with a periodicity N>1, different values of actual time gap between PSSCH and PSFCH are not supported in a resource pool.
Proposal 3: PSFCH frequency resource can be 
· Alt 1: (pre)configured or fixed
· Alt 1a): Frequency resource of PSFCH is associated with the associated PSCCH
· Alt 1b): Frequency resource of PSFCH is associated with the associated PSSCH
· Alt 2: Flexible (dynamically indicated by SCI)
Proposal 4: If CBG-based SL HARQ feedback is supported,
· This feature is turned ON/OFF by (pre)configuration or dynamic indication. 
· When turns ON, certain condition (e.g., very large TB size) can be considered to confirm the actual use of the CBG-based SL HARQ feedback.
· This feature is only for unicast transmission.
Proposal 5: Not support using L1-RSRP to determine whether to send HARQ feedback for groupcast.
Proposal 6: Support to apply TX-RX distance constraint to option 1 only.
Proposal 7: Identify possible sidelink HARQ-ACK collision scenarios and discuss the solutions for HARQ-ACK collision issue.
Proposal 8: Sidelink CSI reporting to gNB is supported and should be differentiated with Uu link CSI reporting.
Proposal 9: Support that RX UE determines the PSSCH resources to carry sidelink CSI. 
Proposal 10: Uu non-PMI scheme could be a start point for sidelink CSI acquisition/feedback. 
Proposal 11: No need to introduce IMR.
Proposal 12: RAN1 needs to deal with the scenario if SL pathloss is higher than Uu pathloss. 
Proposal 13: Power control parameters of PSFCH should be separately configured from PSCCH/PSSCH.
Proposal 14: Aperiodic reference signal such as DMRS of PSSCH and/or aperiodic CSI-RS should be used for SL RSRP measurement.
Proposal 15: The UE receiving the reference signal for RSRP measurement reports layer-3 filtered RSRP.
Proposal 16: Support sidelink power headroom reporting in NR V2X.
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