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At RAN#83, the following objectives on sidelink procedures were agreed in the WID [1]: 
· 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.
· Power control [RAN1, RAN2]
This paper will discusses how to support unicast and groupcast communications over sidelink, and changes in broadcast over sidelink compared to the LTE design, for advanced NR V2X services.
HARQ operation for SL unicast and groupcast
HARQ in Mode 1
In RAN1#96, the following was agreed [2]:
 Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.
In the following, we will first discuss the content of retransmission indication sent from the transmitter UE to gNB, then we will address whether to support report from the receiver UE in addition to the transmitter UE.
Contents of retransmission indication to gNB
The purpose of sending feedback to the gNB is firstly to allow adaptation of sidelink transmissions during a HARQ procedures, and secondly to allow gNB to release any repetition resources it has scheduled in advance.
When the transmitter UE receives a sidelink ACK, if there are still data waiting for transmission in the buffer, a SR/BSR is sent to gNB to trigger new data transmission. On reception of the message, repetition resources, if any, can be used by gNB for new data or other UEs’ transmissions. 
When the transmitter UE receives a sidelink NACK, it has to send an indication to gNB requesting for retransmission resource scheduling. SR alone or SR/BSR cannot report whether it is a request for new data transmission or for retransmission. The SR/BSR procedure is time consuming and may not be suitable for HARQ operation as shown in Figure 1 where the retransmission delay is dependent on the SR periodicity configuration. Two additional RTT over Uu are needed for SR and BSR reporting. Because the gNB cannot distinguish whether it is a new data transmission or a retransmission, it is possible that resources are provided for a new transmission that are smaller than needed for what is, in fact, a retransmission, and the retransmission will fail. Alternatively, the gNB could over-dimension resources for a new transmission to account for the chance the UE may actually be performing a retransmission, with clear system inefficiency.  
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[bookmark: _Ref3900977]Figure 1 SR/BSR for requesting SL HARQ retransmission resource scheduling
An SR dedicated to managing SL HARQ retransmission, SR_Rx, can help reduce these problems. As SR_Rx indication to gNB occurs after PSFCH, the periodicity configuration for SR_Rx needs to take the PSFCH design into consideration. With (pre)configured time gap between PSSCH and PSFCH, it is possible to configure each slot with PSFCH, without limitation of the starting slot for data transmission, although less frequent PSFCH can also be used at some latency cost. To make it simple, SR_Rx periodicity can be configured so that the PSFCH is just one slot ahead of it as shown in Figure 2 (a) where short PSFCH and long PSFCH are considered [11]. This can achieve the fastest retransmission at the cost of resource consumption and can be used for services with the most stringent delay requirement. For other services, the SR_Rx periodicity can be configured to n slots so that each SR_Rx contains indication for multiple SL retransmissions as shown in Figure 2 (b). 
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[bookmark: _Ref3904021]Figure 2 PSFCH and PUCCH mapping for SR_Rx indication
Proposal 1:
· The indication to gNB to trigger SL HARQ re-transmission is a SL retransmission scheduling request, SR_Rx, sent to gNB when RX UE sends NACK on PSFCH.
· SR_Rx resource periodicity is configured according to PSFCH, 1 SR_Rx per slot and 1 SR_Rx per multiple slots are supported.
Feedback report from Tx UE only to gNB
Agreements from RAN1-AH-1901 [3]:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· […]
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS
Agreement from RAN1#96 [2]:
Agreements:
· […]
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.
Agreements:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
Taken together, RAN1 has already ruled out the only option that was considered for support in case feedback from RX UE to gNB is supported. 
Observation 1: Since sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16, retransmission indication from receiver UE to gNB is also excluded.
In the following we also analyze some technical challenges to support retransmission indication from receiver UE to gNB. When the receiver UE is in-coverage and no inter-BS communication is considered, the receiver UE has to be in the same gNB site as the transmitter UE. This will result in very limited use cases considering the ever shrinking cell size and some service where the minimum communication range requirement is large, e.g. 700 m for information sharing between UEs [4]. There are also other challenges identified for receiver UE to do the report to gNB:
· When the receiver UE is in Idle/Inactive state, it will not be able to send feedback information to gNB, without first performing the lengthy RACH procedure which introduces larger access delay. 
· Even when the receiver UE is in connected mode, in order for the gNB to tell which transmitter UE data transmission is indicated for retransmission, the indication needs to carry transmitter UE information besides the data transmission information which complicate the indication design, and may increase the message size on PUCCH. 
· There could also be consequences for MAC buffering since the transmitter UE has to wait longer for NDI in DCI to know if it can clear the buffer. 
In addition, for group-based transmission (e.g. platooning), the transmitter UE or the leading vehicle will be responsible for receiving and forwarding information to gNB. In this case, the transmitter UE can be configured by gNB to receive the scheduling grant for other UEs in the group and forward the feedback information to gNB. 
Support of both transmitter and receiver UE to feedback to gNB does not seem necessary, since adding the receiver UE option does not add further use cases given that we are here considering Mode 1 operation under a gNB. Therefore, to avoid the complications of transferring sidelink feedback from the receiver UE over Uu link(s), it is preferable to send SL feedback information from the transmitter UE to the gNB. This applies to unicast and groupcast transmission.
Proposal 2: For NR sidelink mode 1 in unicast and groupcast, only support the transmitter UE sends the indication to gNB to trigger re-transmission.
HARQ retransmission 
In NR both downlink and uplink adopt asynchronous HARQ for flexible retransmission. NR SL HARQ can follow the NR design to support asynchronous retransmission. This includes pre-determined retransmission timing at initial scheduling and retransmission timing determination on reception of NACK/SR_Rx feedback. Retransmission can be non-adaptive or adaptive as shown in Figure 3:
· Non-adaptive HARQ: All of the parameters of the retransmission are the same as the initial transmission. 
· Adaptive HARQ: One or more of the parameters of the retransmission are determined dynamically. 
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[bookmark: _Ref527724906]Figure 3 Examples of non-adaptive and adaptive HARQ retransmission
In non-adaptive retransmission, the pre-scheduled resources may be used for fast retransmission for delay sensitive services. This is especially suitable for mode 1 operation as the feedback to the gNB and the rescheduling signaling over Uu will cause additional processing and transmission latency. For adaptive retransmission, the retransmission resources, MCS/TBS, and transmission mode such as diversity techniques, etc., can be dynamically determined based on NACK feedback, and CSI when available. This can achieve better resource utilization. 
Proposal 3: For NR SL HARQ,  
· Asynchronous HARQ is supported, i.e. retransmission timing is dynamic. 
· Non-adaptive and adaptive HARQ are supported.
[bookmark: _Ref524763957]Physical layer IDs 
Based on agreements achieved in [3] , Layer-1 source ID and Layer-1 destination ID are agreed to be explicitly included in SCI:
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)
As part of SA2 study on advanced V2X, discussions and the relevant agreements are made in [6] and [7] regarding the availability of source and destination IDs in Layer-2. They are passed from upper layers to the AS layer. The source Layer-2 ID will be used by a peer UE as the destination Layer-2 ID in unicast communication. In groupcast, the Layer-2 destination ID is the Layer-2 Group ID. Based on SA2 agreements, it is straightforward to derive Layer-1 source and destination IDs from Layer-2 IDs by selecting a fixed number of LSBs of the Layer-2 IDs similar to the procedure defined in LTE D2D. Since Layer-1 source and destination IDs are included in SCI, 8 bits for Layer-1 source ID and 8 bits for Layer-1 destination ID may be considered. The partial inclusion of IDs in the SCI may lead to Layer-1 ID collision at physical layer, though the probability of this Layer-1 ID collision may be quite small. The Layer-1 ID collision happens only when two proximal UEs have the same Layer-1 ID and transmit to/receive from the same UE at the same time. In addition, if there are collisions with the Layer-1 ID, MAC layer can resolve this issue with knowledge of a complete ID by dropping the received packets that are not addressed to the UE. 
Proposal 4: Layer-1 source and destination IDs for unicast and groupcast are derived from the 8 LSBs of Layer-2 source and destination IDs.
It is noted that HARQ operation is not supported in broadcast, so there are no Layer-1 IDs included in SCI for broadcast communication as in LTE V2X. 
HARQ operation for groupcast
Further agreements have been reached regarding the HARQ feedback for sidelink groupcast in RAN#96:
Agreements:
· For sidelink groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.
· Details to be discussed during WI phase, including whether the information on TX-RX distance is explicitly signaled or implicitly derived, whether/how this operation is related to resource allocation, accuracy of distance and/or RSRP, the aspects related to “and/or”, etc.
· This feature can be disabled/enabled.
This section will address the remaining issues and further discuss the two options of HARQ-ACK feedback.
HARQ feedback decision making
Tx-Rx distance is difficult to obtain accurately at physical layer. Because of the large size of raw data of location information, it is not efficient to convey Tx UE location explicitly in SCI. The concept of zones was introduced in LTE-V2X so that a UE shall only use the resource pool which corresponds to its geographical coordinates to alleviate interference. To limit the size for zone ID and for efficient resource utilization, the zone ID is designed to be reused.
Zones can implicitly represent UE location, but to reuse the zone concept for HARQ feedback decision making, some enhancement is needed. First of all, to make an Rx UE know which zones the feedback applies to, the Tx UE needs to send its zone ID with each data transmission. Based on the zone ID at receiver UE, the receiver UE can roughly derive the Tx-Rx distance. However, the distance accuracy is dependent on the settings of zone length and width. When the zone length and width are set to small values, a relatively accurate Tx-Rx distance can be derived. However, there can be duplicated zone IDs within an area as shown in Figure 4, where a zone ID is generated based on the mechanism in 5.10.13.2 of [15] designed for LTE V2X. In this case, zone ID carried in SCI cannot tell where the transmitter UE is located. For instance, zone ID of 0 can reflect position 0 or position 1, and the receiver UE cannot obtain the distance towards the transmitter UE based on zone ID only. A larger zone ID reuse factor may achieve an exclusive zone ID in a geographical area. However, the overhead in SCI is non-negligible. Additionally, excessive resource division among pools makes the system fragile to unbalanced traffic variations. 
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[bookmark: _Ref4579890]Figure 4 Zone ID configuration
Observation 2: Zone ID is designed in resource pool for resource reuse, and is not suitable to be used to determine range between Tx UE and receiver UE(s). 
Proposal 5: Definition of TX-RX distance for controlling sidelink groupcast needs at least a new definition of zones compared to LTE, which also takes into account overhead of signaling the TX UE’s zone ID.
The RAN1#96 agreement leaves open the meaning of “and/or” and consequently which of the two parameters of RSRP and/or TX-RX distance is used. We further discuss whether RSRP can be used in deciding whether to send HARQ feedback. According to the agreements on power control in [3], groupcast transmit power control is based on the pathloss between Tx UE and gNB when the TX UE is in-coverage. This means that the transmit power is smaller for Tx UEs located near to the cell center compared to those at the cell edge. In this case, if a RSRP threshold is pre-defined and a receiver UE sends back HARQ feedback on decoding failure whenever the RSRP measurement at the receiver side is above the threshold, the same application running at vehicles located at cell center and cell edge will have different feedback areas where high reliability communication is provided as shown in Figure 5. This is not acceptable for certain advanced V2X services, and bears no particular relation to the service or system-level needs. 
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[bookmark: _Ref4588435]Figure 5 Power control effect to feedback area
Observation 3: When power control is applied to groupcast, RSRP measurement at receiver UE is not suitable for use in deciding whether RX UE sends HARQ feedback. 
Proposal 6: For sidelink groupcast, RSRP based feedback decision is not supported.
IBE caused by NACK-only
With Option 1, the performance requirements in terms of reliability cannot efficiently be provided to some receiver UE(s) in the group due to DTX issue where the decoding of PSCCH is a failure. In this case, the TX UE cannot tell whether failure to receive feedback is due to failure of decoding PSSCH or failure to receive PSCCH. In addition, Option 1 uses a common PSFCH resource for all the NACK feedbacks, so it has the risk of accumulated power level at PSFCH resource and increased IBE level to neighboring resource blocks which severely interferes with receptions on neighboring resources.
We performed evaluations to investigate the characteristics of IBE in NACK-only transmission. With urban-A scenario as defined in [14], a Tx UE A transmits and all the Rx UEs within 500 m distance do the HARQ feedback. In this case, there are 360 UEs in total that will feedback on the same PRBs. With 20 MHz system bandwidth and 60 kHz SCS, there are in total 25 PRBs. The feedback resource is assumed to be on the PRB index of 13. A random phase is selected for each Rx UE’s feedback signal so that the accumulated power phase is accounted for. The evaluation runs for 10000 times and Figure 6 shows the averaged received power at Tx UE A at the target resource block, PRB#13, and averaged in-band emission power received at neighboring PRBs. 23 dBm transmit power is assumed for HARQ feedback transmission. It is seen that for all the neighboring PRBs in the system, the IBE power level is above -76dBm. 
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[bookmark: _Ref4686109]Figure 6 Received power (PRB#13) and IBE to neighboring resource blocks
The IBE will affect the reception on neighboring PRBs. If we consider a design where the last symbol is used for PSFCH only. Thus those neighboring PRBs can be used to receive feedbacks from other unicast or groupcast transmissions. We take unicast for evaluation purpose as it is most likely affected by IBE. Figure 7 shows the one-shot received power at UE B from a unicast A/N feedback signal from a randomly selected UE among the 360 UEs in the 500 m simulation radius. When UE B is very close to  the TX UE A, and is receiving on those PRBs, the interference level experienced is almost the same as those IBE see from Tx UE A shown in Figure 6. We set a dash line to indicate the -76dBm IBE level over neighboring PRBs. When the IBE level is above the received power, false detection will happen with high probability, causing unicast feedback failure. It is seen from Figure 7 that feedback from more than 80% UEs are severely affected with emission power and most likely result in failed A/N detection. The IBE effect becomes more severe when the group size gets larger and there is no control of the number of group members.
On the other hand, with A/N feedback as discussed in subsection 2.4.3 and 2.4.4, because the UEs are known to the configuration, a limited number of UEs are multiplexed over the same frequency resource block to do feedback and the IBE level is under control. 
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[bookmark: _Ref4775732][bookmark: _Ref4775722]Figure 7 Received power at a close UE B
Observation 4: For groupcast HARQ, NACK-only causes severe IBE and will degrade receptions on neighboring resource blocks.
ACK/NACK resources are sufficient
Based on discussions in [5], Option 2, where FDM+CDM scheme is used to multiplex the HARQ ACK and NACK feedback from group members, can be applied for groupcast. As we discussed in our companion paper [11], the frequency resource for short PSFCH is aligned with the corresponding PSSCH for design simplicity and effective interference management. The minimum frequency resource for PSSCH is one subchannel which contains several PRBs, e.g. 4, 5, 6, 8...as defined for LTE V2X. If PUCCH format 0 is reused for PSFCH, a maximum of 6 UEs can be multiplexed in one PRB and a total of 24 UEs can be supported with subchannel size of 4. If periodic traffic model 2 with medium traffic intensity as defined in [14] is assumed, with a targeted code rate of 0.5, more than ten subchannels will be needed for each data transmission with 16QAM. Hence more than 200 UEs can be supported simultaneously for HARQ feedback with dedicated resources. 
Observation 5: The amount of ACK/NACK resource that will exist as a natural consequence of its association to PSSCH resource and subchannels is sufficient for most cases.
ACK/NACK resources are controllable
UE IDs are assumed to be used for the determination of the feedback resource. Transmitter UE can configure each receiver UE with a UE ID via PC5-RRC. If PUCCH format 0 is reused, an initial cyclic shift associated with UE ID is also configured so that multiple UEs can multiplex over the same frequency resource. The frequency resources offset to the starting PRB for PSFCH feedback is determined as  So UEs with ID between 0~5 are multiplexed on frequency resource with offset to the starting PRB as 0, UEs with ID between 1~11 are multiplexed on frequency resource with offset as 1, and so on as shown in Figure 8.
When in rare cases that the group size is exceeding the capacity of the PSFCH, only those UEs with their IDs indicating the feedback resource within the PSFCH limit are allowed to do the feedback.
Observation 6: If the ACK/NACK resource is not sufficient for all UEs, feedback from some UEs can be not sent. 
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[bookmark: _Ref4597578]Figure 8 PSFCH capacity and UE feedback resource determination
Non-applicability of NACK-only
Option 1 (NACK-only) is not applicable to high reliability and efficient resource utilization requirements. NACK-only feedback prevents TX UE from distinguishing successful PSSCH decoding from missed SCI. This leads to over-dimensioning PSCCH compared to what is really necessary in order to ensure it is received reliably. Those resources cannot be recovered when a UE decodes PSCCH in fewer repetitions. This also means that in mixed latency use of resources, the lack of ACK feedback will make it hard to find resources for low latency services since they will become scarcer thanks to PSCCH occupation. Due to high reliability and resource efficiency demands, NACK-only feedback would not be applicable, and ACK/NACK feedback would be applicable instead. NACK-only feedback is proposed on the basis that TX UE does not know the number of UEs and the ID of UEs in the group and cannot tell which UE sends ACK. RAN2/3 has defined PC5 RRC at control plane. It is applicable to allowing group UE configuration within the group. This implies RAN2/3 know how many and which UEs are in the group in the radio layers. Therefore, since RAN will have UE numbering within the group, ACK feedback is useful and for the reasons given above, NACK-only feedback would not have applicability.
Observation 7: The disadvantages of NACK-only feedback mean that ACK-NACK is a better choice, and thus NACK-only feedback is not applicable.
In summary, ACK/NACK feedback can overcome the disadvantages of NACK-only feedback, with higher transmission reliability, lower interference to other UE reception, no DTX problem and the feasibility to identity the UEs with failed reception. Hence, only ACK/NACK feedback should be supported in groupcast. 
Proposal 7: When HARQ feedback is enabled for groupcast, confirm support of ACK/NACK feedback from receiver UEs (i.e. option 2).
HARQ feedback for SL repetition transmission
In RAN1#96, blind retransmission was agreed:
Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase
HARQ feedback for SL repetition transmission or blind retransmission needs to be supported to assure the reliability and latency requirement. For example, reliability of up to 99.999% within 3 ms requirements is required for V2X communication e.g. emergency trajectory alignment between UEs [4]. In Rel-15, the PDSCH and PUSCH repetition and HARQ feedback for PDSCH repetition have been supported to improve the reliability [12] [13]. Configurable repetition number or configurable blind retransmission number for SL repetition together with HARQ should be supported. 
The slots used for repetition transmission could be non-consecutive to enable flexible resource partitioning between the Uu link and SL. The half-duplex issue can be mitigated with certain non-consecutive resource repetition pattern. Latency, reliability and resource efficiency also need to be taken into account for the time-frequency resource pattern (TFRP) configuration. Each TB repetition can use the redundancy version according to (pre)configuration. 
Proposal 8: HARQ feedback is supported for TFRP based transmission.
HARQ feedback enable/disable
Agreements have been reached regarding the enablement and disablement of HARQ feedback in RAN1-AH-1901:
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
HARQ achieves a compromise among transmission reliability, latency and resource utilization. When HARQ feedback has been enabled, it is not necessary to dynamically over-ride the configuration. If an event occurs which would motivate disabling HARQ, this should be detectable in higher layers, or by QoS re-negotiation, and result in PC5-RRC or Uu-RRC de-configuring HARQ feedback. 
Proposal 9: SL HARQ feedback is always used whilst it is enabled. Changes in HARQ operation are handled by re-configuring the feature.
CSI acquisition
There is a working assumption in RAN1#96 regarding CSI acquisition for unicast.
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
RAN#83 replaced the RAN1 working assumption with the following decision on CSI acquisition.
· 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.
CSI is delivered using PSSCH. One scenario is that the communication is bi-directional and the CSI can be piggyback with the data transmission from Rx UE to Tx UE. In this case, NR UE procedure for multiplexing CSI in the PUSCH can be reused. In cases when there is no data transmission from Rx UE to Tx UE, we can consider the following three options:
· Option1: No CSI is sent.
· Option 2: CSI is sent in compact PSSCH which occupies less resource.
· Option 3: CSI is sent in a PSSCH with dummy data.
Option 1 will degrade the link adaptation performance while option 2 needs different PSSCH design within a resource pool which will complicate the PSCCH blind decoding as discussed in our companion paper [8]. It seems option 3 gives a simple solution among the three.
Proposal 10: When Rx UE has no data, CSI is at least sent in a PSSCH with a small TBS. FFS if a compact PSSCH format for only CSI report should also be defined.
To make a uniform CSI acquisition framework, it is preferred to have Tx UE send CSI configuration to Rx UE either via SCI or PC5-RRC. With SCI configuration the CSI report is activated every time the Rx UE receives the configuration. With PC5-RRC configuration the CSI report is activated when there is data transmission from Tx UE to Rx UE. The latter option can also be applied to TFRP based transmission with no SCI multiplexed with data [10]. CSI configuration contains at least the CSI reporting slot (or interval) and reporting band. CSI-RS is used for CSI measurement and report, so the CSI-RS reference signal configuration is also provided which includes at least CSI-RS band, CSI-RS slot configuration and CSI-RS resource mapping. Detailed analysis can refer to [8]. 
Proposal 11: Support CSI report configuration from Tx UE to Rx UE via PC5-RRC in mode 1 and mode 2. The configuration needs to contain similar fields as Uu CSI configuration.
Proposal 12: The CSI report is based on at least CSI-RS.
With more frequent CSI report, the channel status is more accurately captured and the transmission should be more efficient. However, too small CSI feedback periodicity setting will introduce extra overhead of reference signals and report resources. Some evaluation results are given in Figure 9 to demonstrate the channel estimation accuracy with different report slot configuration and its effect on throughput. 
Here the term “ideal” means the CSI is measured based on the channel coefficient of the current slot, i.e. the CSI is reported every slot and the associated MCS and rank configuration is used by current slot. For other curves with x ms interval, it means the CSI is reported every x ms, i.e. upon receiving one CSI report at time t, the associated MCS and rank configuration is used by all the following slots during the time duration (t, t+x]. It is observed that with different report intervals, the throughput is different. The overhead is negligible if the CSI report is always piggy-backed with data, while it is non-negligible if the CSI report is standalone. 
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[bookmark: _Ref4418320]Figure 9 Performance with different CQI/RI report interval
Proposal 13: The CSI report interval, of every x ms after triggering, is configurable considering the variation of overhead in different scenarios. 
[bookmark: _Ref528846070]Power control for unicast and groupcast
RAN1-AH-1901 reached the following agreements related to power control:
Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
FFS whether closed-loop power control is additionally needed
Further agreements on power control were reached in RAN1#96.
 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 
Agreements:
· TPC commands for SL PC are not supported
In summary, open-loop power control is supported based on: 
a) Pathloss between transmitter UE and gNB if the transmitter UE is in-coverage; and
b) Pathloss between transmitter UE and receiver UE, at least for SL unicast. 
For SL groupcast communication, power control based on the pathloss between transmitter UE and receiver UE(s) should also be supported. For instance, a platoon may consist of only 3 vehicles or a maximum of 19 vehicles in line. When the number of UEs in the platoon is small and/or they are located sufficiently close to each other, if the open-loop power control considers only the pathloss between the transmitter UE and the gNB, the sidelink transmit power could be larger than is necessary, which introduces unnecessary interference to other sidelinks. In this case, the transmitter UE can apply power control based on SL pathloss from the transmitter UE to the receiver UEs, with the procedures ensuring the transmitter will guarantee QoS requirements throughout the group. 
As there will be no standalone RS transmission dedicated to CSI reporting, so receiver UE will not have SL-RSRP available before data is received from Tx UE. Power control is exclusively based on pathloss between transmitter UE and gNB if the transmitter UE is in-coverage before the SL-RSRP is available at the receiver UE.  
Proposal 14: Open-loop power control based on the pathloss between transmitter UE and receiver UEs for groupcast over sidelink is supported. 
Proposal 15: Power control is exclusively based on pathloss between transmitter UE and gNB if the transmitter UE is in-coverage before the SL-RSRP is available at the receiver UE. 
UE procedures for PSCCH and PSSCH power control
Transmit power is upper bounded by the maximum output power within the transmission bandwidth. Transmit power also needs to provide the desired link quality. For SL unicast, link budget is derived based on the path loss from Tx UE to Rx UE. For groupcast, as discussed above, the transmission has to reach all the group members to guarantee QoS requirements throughout the group, so the maximum path loss among Tx UE and Rx UEs can be used for power control. LTE V2X only defines broadcast transmission, so there is no link budget requirement. But to limit the interference to gNB in licensed bands, the transmit power is limited by the pathloss from Tx UE to gNB. This also applies to NR V2X. So for NR SL, the pathloss PL is given by 

Where in groupcast, is the pathloss of the th receiver UE to the transmitter UE; and  includes the sidelink group members. However, the above pathloss may not provide enough transmit power in the case that PLUL is smaller than the sidelink pathloss, due to preference for avoiding interference to gNB UL. Nevertheless, it is possible for gNB to schedule UL and SL resources to tolerate the interference that would arise, if the gNB can predict the levels of interference it should expect. Thus an addition to the unicast and groupcast power control procedures is to allow the gNB to configure also a maximum transmit power for the TX UE, which will be set according to the gNB’s scheduling preferences.
Proposal 16: When pathloss based power control is used for unicast and groupcast
· When PLSL > PLUL, pathloss between Tx UE and gNB is used for SL power control while it can ensure the UE’s sidelink communication. 
· When PLSL < PLUL, pathloss between Tx UE and Rx UE(s) is used for SL power control.
Considering the maximum output power, the link budget and the interference limitations, UE transmit power for PSSCH and PSCCH are given by
min
min
Where  is the target received power to achieve the required link quality, M is the transmission bandwidth of the channel,  is the path-loss compensation coefficient which is provided by higher layer parameters.  and  are the maximum output power for data and control channels depending on how PSCCH and PSSCH are multiplexed. 
Proposal 17: NR SL power control takes into account the maximum output power, the sidelink budget and the interference limitations to gNB when power control is enabled.
PSCCH/PSSCH multiplexing option 3 is considered as shown in Figure 10, where MPSCCH and MPSSCH are the bandwidth of PSSCH and PSSCH channels, respectively. In part A, PSCCH and PSSCH have overlap in time domain, and are multiplexed in frequency domain, so the power is split between PSSCH and PSCCH. We assume that PSCCH will need a 3 dB power boost as in the LTE V2X design, thus, the maximum output power of PSCCH and PSSCH in part A is:


Where  represents 3dB power boost for PSCCH, and  is configured by gNB to ensure that the interference from sidelink to uplink can be under gNB’s control.
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[bookmark: _Ref4769227]Figure 10 PSCCH/PSSCH multiplexing option 3
According to RAN4, the transmit power time mask defines the transient period allowed between continuous ON-power transmission with power change [16]. For option 3, if the total transmit power of PSCCH and PSSCH in part A and the transmit power of part B are different, a transient period is needed in between part A and part B transmissions which is not resource efficient. To avoid an additional transient period, the transmit power of part A and that of part B are the same. So the transmit power of PSSCH for part B is given by

Proposal 18: NR SL power control for PSCCH and PSSCH multiplexing option 3
· The transmit power is shared between PSCCH and PSSCH in time overlapped area based on the proportion of allocated bandwidth with additional 3dB power boost for PSCCH.
· Within a slot, the total transmit power is the same in symbols with PSCCH/PSSCH overlap and without.
[bookmark: _Ref528852095][bookmark: _Ref531681600]Multi-antenna transmission scheme 
For broadcast, open-loop MIMO schemes, such as SFBC, or precoder cycling, can be considered to increase the reliability of PSSCH without increasing the overhead too much. For unicast and groupcast, link adaptation can be considered to improve sidelink throughput and reliability via RI report. The MIMO transmission scheme with type 1 precoder in Rel-15 NR Uu can be the starting point with some simplification/modification, if needed. 
Some evaluation results are provided here whereas the detailed link level simulation results are provided in our companion contribution [9]. The simulation parameters are given in Appendix A. For the small-delay CDD scheme, the delay difference between adjacent antenna ports is set to 0.1 us. For SFBC, the SFBC-FSTD scheme for four antenna ports in LTE is applied. For the precoder cycling scheme, RB-level precoder cycling is applied. More specifically, the precoding matrix can be written as , where  can be determined based on long-term CSI and  is alternately chosen from the set  . 
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(a) Low modulation order
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(b) High modulation order


Figure 11 Performance comparison of open-loop MIMO schemes
Proposal 19: Open-loop MIMO schemes based on SFBC should be supported for sidelink unicast, groupcast, and broadcast communications. 
Conclusions
In the following, we highlight our key observations and proposals related to the sidelink physical layer procedure in NR V2X.
Observation 1: Since sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16, retransmission indication from receiver UE to gNB is also excluded.
Observation 2: Zone ID is designed in resource pool for resource reuse, and is not suitable to be used to determine range between Tx UE and receiver UE(s). 
Observation 3: When power control is applied to groupcast, RSRP measurement at receiver UE is not suitable for use in deciding whether RX UE sends HARQ feedback. 
Observation 4: For groupcast HARQ, NACK-only causes severe IBE and will degrade receptions on neighboring resource blocks.
Observation 5: The amount of ACK/NACK resource that will exist as a natural consequence of its association to PSSCH resource and subchannels is sufficient for most cases.
Observation 6: If the ACK/NACK resource is not sufficient for all UEs, feedback from some UEs can be not sent. 
Observation 7: The disadvantages of NACK-only feedback mean that ACK-NACK is a better choice, and thus NACK-only feedback is not applicable.
Proposal 1:
· The indication to gNB to trigger SL HARQ re-transmission is a SL retransmission scheduling request, SR_Rx, sent to gNB when RX UE sends NACK on PSFCH.
· SR_Rx resource periodicity is configured according to PSFCH, 1 SR_Rx per slot and 1 SR_Rx per multiple slots are supported.
Proposal 2: For NR sidelink mode 1 in unicast and groupcast, only support the transmitter UE sends the indication to gNB to trigger re-transmission.
Proposal 3: For NR SL HARQ,  
· Asynchronous HARQ is supported, i.e. retransmission timing is dynamic. 
· Non-adaptive and adaptive HARQ are supported.
Proposal 4: Layer-1 source and destination IDs for unicast and groupcast are derived from the 8 LSBs of Layer-2 source and destination IDs.
Proposal 5: Definition of TX-RX distance for controlling sidelink groupcast needs at least a new definition of zones compared to LTE, which also takes into account overhead of signaling the TX UE’s zone ID.
Proposal 6: For sidelink groupcast, RSRP based feedback decision is not supported.
Proposal 7: When HARQ feedback is enabled for groupcast, confirm support of ACK/NACK feedback from receiver UEs (i.e. option 2).
Proposal 8: HARQ feedback is supported for TFRP based transmission.
Proposal 9: SL HARQ feedback is always used whilst it is enabled. Changes in HARQ operation are handled by re-configuring the feature.
Proposal 10: When Rx UE has no data, CSI is at least sent in a PSSCH with a small TBS. FFS if a compact PSSCH format for only CSI report should also be defined.
Proposal 11: Support CSI report configuration from Tx UE to Rx UE via PC5-RRC in mode 1 and mode 2. The configuration needs to contain similar fields as Uu CSI configuration.
Proposal 12: The CSI report is based on at least CSI-RS. 
Proposal 13: The CSI report interval, of every x ms after triggering, is configurable considering the variation of overhead in different scenarios. 
Proposal 14: Open-loop power control based on the pathloss between transmitter UE and receiver UEs for groupcast over sidelink is supported. 
Proposal 15: Power control is exclusively based on pathloss between transmitter UE and gNB if the transmitter UE is in-coverage before the SL-RSRP is available at the receiver UE. 
Proposal 16: When pathloss based power control is used for unicast and groupcast
· When PLSL > PLUL, pathloss between Tx UE and gNB is used for SL power control while it can ensure the UE’s sidelink communication. 
· When PLSL < PLUL, pathloss between Tx UE and Rx UE(s) is used for SL power control.
Proposal 17: NR SL power control takes into account the maximum output power, the sidelink budget and the interference limitations to gNB when power control is enabled.
Proposal 18: NR SL power control for PSCCH and PSSCH multiplexing option 3
· The transmit power is shared between PSCCH and PSSCH in time overlapped area based on the proportion of allocated bandwidth with additional 3dB power boost for PSCCH.
· Within a slot, the transmit power is the same for PSCCH/PSSCH overlapped and non-overlapped area in time domain.
Proposal 19: Open-loop MIMO schemes based on SFBC should be supported for sidelink unicast, groupcast, and broadcast communications. 
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Table 1 Link level simulation assumptions for MIMO
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	10 RB

	Channel 
	Urban-nlos

	MCS
	QPSK, code rate-0.3
64QAM, code rate-0.6
AMC

	Waveform
	CP-OFDM

	Subcarrier Spacing
	30/60 kHz

	Symbol number
	13

	CP length
	Normal CP

	Frequency synchronization error
	Not modeled

	DMRS configuration
	DMRS 1+3
DMRS symbol position <#0, #3, #6, #9>
DMRS 1+2 
DMRS symbol position <#1, #6, #11>

	Number of antennas
	2, 4

	Antenna array configuration
(M, N, P, Mg, Ng)
	2T4R
(1, 1, 2, 1, 1) , (1, 2, 2, 1, 1)

	Transmission diversity scheme
	small-delay-CDD/SFBC/precoder cycling

	UE receiver algorithm
	MMSE

	Speed
	3/250/500 km/h

	Time delay for small-delay-CDD(SCDD)
	#TX0 0 us, #TX1 0.1 us

	CSI-RS density
	1 RE per PRB
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