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Introduction
In 3GPP TSG RAN meeting #84, the WI [1] on 3GPP NR V2X was endorsed including the following objective to specify NR sidelink HARQ, CSI and power control procedures:
	· 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 contribution provides views on various aspects of sidelink PHY layer procedure, including sidelink HARQ procedure, sidelink CSI acquisition, multi-antenna based transmission and sidelink power control. 
Sidelink HARQ 
1 
2 
PSFCH resource determination
Regarding PSFCH resource determination, the following agreements on periodically configured PSFCH resources were made in RAN1#96bis and RAN1#97:
Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
Agreement:
· For the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported.

Agreements:
· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.
· FFS details of K

Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)
For periodically configured PSFCH resources with a period of N slots, the PSCCH/PSSCH-PSFCH resource mapping rule for N=1 slot and N>1 slots needs to be discussed separately. For example, when N=1, the time gap between PSFCH and associated PSSCH can be (pre)configured to a fixed value to reduce complexity and indication overhead; on the contrary, when N>1, the PSSCH-PSFCH gap will be different for each slot within a PSFCH period, and the resource mapping between PSSCH and PSFCH needs to be adjusted correspondingly.
It was agreed that at resource pool level, the configuration of N should also include the possibility of no resource for PSFCH, and HARQ feedback in the resource pool is disabled. However, for the case of N>1 slots, the following scenario also needs to be considered: partial of the slots within one resource pool have associated PSFCH resources, and the remaining slots within the resource pool have no associated PSFCH resources. For example, if N=4 is configured, one slot in every 4 slots have associated PSFCH resources and the remaining 3 slots have no associated PSFCH resource. Correspondingly, HARQ feedback on the slot with associated PSFCH resource can be enabled/disabled, and HARQ feedback on the remaining 3 slots are disabled. Whether this type of scenario can be supported needs further clarification.
Observation 1: For PSFCH configuration with a period of N>1 slots, whether to support partial of the slots within a resource pool with associated PSFCH resources as well as partial of the slots within a resource pool without associated PSFCH resources need further clarification.
Considering there was no consensus on the issue above until now, the PSSCH-PSFCH resource mapping rule is discussed under both scenarios in this contribution.
Scenario 1: Every slot has associated PSFCH resource in one resource pool
The advantage of Scenario 1 is that all PSSCH within a resource pool can be used for unicast/groupcast with HARQ-ACK feedback, thus the resource allocation procedure has no additional restriction caused by the existence of associated PSFCH resources. However, the PSSCH-PSFCH resource mapping becomes more complicated in this scenario. 
If no HARQ-ACK bundling/multiplexing is supported in NR V2X, N PSFCH resources, or N PSFCH resource groups corresponding to groupcast Option 2, need to be configured corresponding to the separate HARQ-ACK feedbacks of N slots within the PSFCH period. Correspondingly, PSFCH resource multiplexing needs to be further studied. 
· TDM: AGC symbol and gap symbol are still needed for each PSFCH resource. If only TDM is used, there is no gain on PSFCH overhead reduction, and the only difference is whether PSFCH overhead is distributed over each slot or converged within one of the N slots. In addition, size of PSSCH resource will be strongly impacted in the slot configured with TDMed PSFCH resources.
· FDM: The frequency domain size of whole PSFCH resources within a slot should not be larger than PSSCH subchannel granularity. Therefore, PSFCH resource granularity depends on the maximum value of N. Considering that N=2 and N=4 were already agreed, if all PSFCH resources are FDMed in one slot, the frequency granularity of one PSFCH resource should not be larger than 1/4 of the PSSCH subchannel size. PSFCH decoding performance under the restricted granularity needs to be further evaluated.
In addition, half duplex problem will introduce additional impact on PSFCH transmission/decoding. Figure 1 shows an example that according to PSSCH reception/transmission in one PSFCH period, UE needs to both receive and transmit PSFCH in the same slot. In worst case, UE might have to drop up to N-1 PSFCH transmissions or receptions.


Figure 1: Collision between PSFCH transmission and reception
· CDM: When PSFCH resources are CDMed, the performance of PSFCH further depends on the design of groupcast feedback and PSFCH format. If groupcast feedbacks from different Rx UEs are transmitted on multiple CDMed PSFCH resources at least for Option 2, N PSFCH resources can be replaced by N PSFCH resource groups, and in each group multiple CDMed PFSCH resources are configured. The combination of CDMed PSFCH resources for groupcast and CDMed PSFCH resources for different slots within a PSFCH period might cause unacceptable performance degradation. Therefore, the feasibility of CDMed PSFCH resources needs further evaluation.
Proposal 1: If N>1 is configured and on each slot feedback-based transmission can be enabled, in order to support separate HARQ-ACK feedback, multiple PSFCH resources need to be configured within one slot. 
Observation 2: The impact on PSFCH decoding performance caused by PSFCH resource multiplexing within one slot needs to be further evaluated.

If PSFCH is in response to a single PSSCH, i.e. no HARQ-ACK bundling or multiplexing, it is straightforward to determine the time domain resource as the first slot containing PSFCH resource after the associated PSSCH followed by a (pre)configured gap. For frequency and/or code domain, it was agreed to use implicit mechanism for the determination based on slot index, sub-channels, Rx UE identifier within a group, etc. 
Since sidelink groupcast using Option 2 may coexist with Option 1 and unicast in the same resource pool, a unified resource mapping rule at least in time and frequency domain is preferred, as discussed in Section 2.2. According to the discussion on PSFCH resource multiplexing above, one possible solution is to configuring N PSFCH resource groups corresponding to each PSSCH subchannel in frequency domain, and Rx UE decides PSFCH group based on slot index within a PSFCH period of N slots. In each PSFCH group, multiple PSFCH resources are CDMed and Rx UE further determines the code domain resource based on in-group identifier. However, the drawbacks of FDMed PSFCH resource can hardly be handled without further enhancements.
Considering the drawbacks of separate HARQ-ACK feedback, feedback bundling and/or multiplexing should be studied to improve PSFCH performance and efficiency when PSFCH is configured with periodicity of N>1 slots. 
If PSFCH format reuses NR short PUCCH format 0, up to 2 HARQ-ACK bits can be indicated with single PSFCH format. It could naturally utilize the benefit of HARQ-ACK multiplexing by carry HARQ-ACK feedback of up to 2 TBs transmitted within one PSFCH period to improve PSFCH efficiency. Otherwise if PSFCH format reuses NR short PUCCH format 2, larger capacity of HARQ-ACK multiplexing can be further supported. If HARQ-ACK multiplexing cannot be supported for some scenarios e.g. N=4 and only PUCCH format 0 is supported for SL HARQ-ACK feedback, TB bundling can be considered as another potential solution. 
Proposal 2: Support HARQ-ACK multiplexing at least to support periodically configured PSFCH resources with a period of N>1 slots.

Scenario 2: PSFCH-associated slot and PSFCH-less slot coexist in one resource pool
In Scenario 2, two types of time-domain resource are defined: with or without associated PSFCH resource. Consequently, feedback-based transmission could only select PSFCH-associated slots. The solution is similar as defining two separate resource pools. Therefore, it is a trade-off between complexity of PSSCH-PSFCH mapping rule and efficiency of resource utilization, especially when traffic load of different type (feedback-based and feedback-less) changes frequently. 
Observation 3: There is a trade-off between complexity of PSSCH-PSFCH mapping rule and efficiency of resource utilization when PSFCH-associated slot and PSFCH-less slot coexist in a same resource pool.

PSFCH resource in a subset of subchannels
Compared with configuring PSFCH periodically in time domain, another potential solution is configuring PSFCH periodically in frequency domain, i.e. PSFCH in a subset of subchannels. For example, PSFCH resources can be configured periodically with a period of M subchannel(s), and configured on every slot, as shown in Figure 2, or every N slot(s). The mapping rule between PSSCH and PSFCH with N>1 slots can be similarly reused as a unified solution.
The advantages of configurable periodicity in frequency domain include:
· From Rx UE perspective, for received SL transmission of a single TB spanning multiple subchannels, it is straightforward to use only one PSFCH resource for HARQ-ACK feedback. It is beneficial to reduce the impact of simultaneous PSFCH transmission. As a comparison, for configurable periodicity in time domain, the corresponding case is received SL transmissions in multiple slots within a PSFCH period, the simultaneous PSFCH transmission issue can hardly be avoided, unless the received SL transmissions are from same Tx UE and HARQ-ACK bundling/multiplexing is enabled.
· In Scenario 1, M PSFCH resource(s) corresponding to M subchannel(s) can be configured as FDMed in a PSFCH subchannel, and no half-duplex problem will be introduced. Assuming a (pre)configured fixed time gap between PSFCH and associated PSSCH, the M PSFCH resources are associated with M subchannels within the same slot, and UE will not simultaneously transmit and receive on the M subchannels. Figure 2 illustrates an example of no half-duplex problem for periodically configuring PSFCH resources in frequency domain. 
· If in each slot PSFCH resources are configured, similar overhead of configuring PSFCH in every N slots can be achieved, but there will be no additional impact on latency. 
Therefore, it is beneficial to further study configuring PSFCH periodically in frequency domain.
Observation 4: Periodically configuring PSFCH resource in frequency domain can be utilized by sidelink transmission spanning multiple sub-channels. It is beneficial to avoid half duplex problem and to reduce latency.
Proposal 3: Support periodically configured PSFCH resource in frequency domain with a period of M subchannels.


Figure 2: Periodically configured PSFCH resource in frequency domain

HARQ feedback options for groupcast
Regarding support of HARQ feedback Option 1 (NACK-only) and Option 2 (ACK and NACK) for groupcast, the following agreement was made in RAN1#96bis:
Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.
The respective applicability of Option 1 vs. Option 2 needs to be further discussed. There are multiple aspects related to the applicability, e.g., type of group, number of RX UEs, QoS, and so on.
The first aspect is the group characteristics, i.e., connection-less group wherein the number of UEs within the group is indefinite, and connection-oriented group wherein the number of UEs within the group is definite. For connection-less group, ACK feedback is unnecessary, since Tx UE cannot distinguish if the transmitted PSSCH is successfully decoded by all RX UEs within the group, and retransmission will always be triggered after NACK is received no matter the Tx UE additionally received ACK or not. Therefore, Option 2 can only be applied for connection-oriented group. 
The second aspect is the number of RX UEs within the group. For Option 2, it was agreed that each RX UE uses a separate PSFCH resource, which means the number of PSFCH resources mapping to one PSSCH resource should be no smaller than the number of RX UEs within a group. However, the maximum number of PSFCH resources mapped to one PSSCH resource will be specified. Considering detection performance and resource overhead of the PSFCH, the maximum number of PSFCH resources should be limited, thus it may not align with the maximum number of Rx UEs within a group. Using Option 2 is not desirable for the case where the number of Rx UE within a group is larger than maximum PSFCH resources mapped to one PSSCH.
The third aspect is QoS. Since DTX and ACK cannot be distinguished in Option 1, the reliability of PSSCH in Option 1 is worse than that in Option 2. As analysed in [4], the low bound of PSSCH detection error rate is decided by the error rate of PSCCH detection. Therefore, using Option 1 is not suitable for some traffic with a high QoS requirement.
Observation 5: For groupcast transmission, the respective applicability of Option 1 vs. Option 2 is related to following aspects:
· Group characteristics (connection-less or connection-oriented)
· Number of RX UEs
· QoS

According to the aspects in Observation 5, the most straightforward way to select between Option 1 and Option 2 is by higher layer. Dynamic indication for the selection of Option 1 and Option 2, e.g., indication via SCI, is not preferred since the motivation of using Option 1/2 is related to group characteristics and traffic priority. If the group status is assumed as changed very fast, considering the latency of application layer information sharing between UEs in the same group and the latency of cross-layer interaction, dynamic change of Option 1/2 may even result in performance degradation.
Proposal 4: For groupcast, whether Option 1 or Option 2 should be used is (pre-)configured by higher layer and no dynamic indication of Option 1 and Option 2 is introduced.

The support of PSFCH resource sharing among a subset of Rx UEs for Option 1, and PSFCH resource sharing based on ACK/NACK transmission for Option 2, and the mixture of Option 1 and 2 were discussed. Considering the respective applicability of Option 1 and Option 2, these resource sharing mechanisms are not preferred for both options due to the following: 
· For Option 2, if the resource sharing method based on ACK/NACK transmissions is applied, Tx UE cannot benefit from distinguishing HARQ-ACK feedback from different Rx UEs based on separate PSFCH resources, and Tx UE cannot be aware of potential DTX at Rx UE side. Therefore, reliability of Option 2 is impacted. In addition, the resource allocated for ACK is meaningless, since Tx UE can never confirm if all UEs sends HARQ feedback based on the received ACK, and no matter ACK is received or not, retransmission will be triggered by NACK feedback.
· For Option 1, the resource sharing will increase the number of PSFCH resources needed as compared to the case without resource sharing, which results to introducing system overhead or impacting PSFCH decoding performance unnecessarily while no clear gain of PSFCH resource sharing is observed. Power accumulation effect was discussed in some company contributions but different observations were made, and the impact of power accumulation is not verified now. 
· For the mixture of option 1 and option 2, neither the applicable scenario nor the gain has been evaluated so far. The mixture of option 1 and option 2 cannot utilize the benefit from distinguishing DTX/ACK at group level thus the gain on reliability is unclear. Compared with pure Option 1, the mixture shows no improvement on resource efficiency. 
Therefore, based upon above, the following is proposed:
Proposal 5: For HARQ feedback for groupcast, pure Option 1 and Option 2 are supported only:
· For Option 1, not support that all or a subset of receiver UEs share a PSFCH resource.
· For Option 2, not support that all or a subset of receiver UEs share a PSFCH resource for ACK transmission and another PSFCH resource for NACK transmission.
· Not support the mixture of Option 1 and Option 2.

In order to effectively utilize sidelink resource, it is expected to support resource pool sharing between unicast and groupcast including option 1 and option 2, i.e., each PSSCH subchannel can be used for either unicast transmission or groupcast transmission with option 1 or option 2. This means that at least the same mapping rule of PSSCH-PSFCH time/frequency resource should be used for unicast and groupcast including option 1 and option 2. 
Proposal 6: At least in time/frequency domain, the same PSSCH-PSFCH resource mapping rule is applied for unicast as well as groupcast Option 1 and Option 2. 

Distance-based HARQ feedback for groupcast
Regarding support of distance-based enabling/disabling of HARQ-ACK feedback for groupcast, the following agreement was made in RAN1#97:
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
Sidelink groupcast can benefit from distance-based HARQ feedback since the transmitter UE only needs to handle HARQ feedback from receiver UEs within a required communication range. In order to support distance-based HARQ feedback, how to indicate the location of Tx UE needs further discussion, and the following two options can be considered:
· Option 1: The location information includes geographical information, e.g., the coordinate (x, y) of Tx UE, and it is carried on higher layer signalling. 
The advantage of Option 1 is that since the whole information of Tx UE location is used, no ambiguity issue will be introduced compared with Option 2, and Option 1 indicates more accurate information and has higher reliability. In Option 1, Tx UE does not need to transmit its location information very frequently, thus the signalling overhead of Option 1 is acceptable. For example, assuming that UE speed is 200km/h, the difference of Tx UE location (i.e., the distance that UE has been moved) is approximately 56 m/s. So, one transmission of the location would be enough within an interested time period (e.g., a few tens of milliseconds or a few hundreds of milliseconds). Potential enhancements on Option 1, e.g. indicating additional information via SCI to reflect the dynamic change of Tx UE position, can be further studied.
· Option 2: The location information includes zone ID, and is indicated via SCI.
The zone ID-based solution reduces overhead at the expense of reduced reliability. If only zone ID is indicated as location information, potential wrap-around issue caused by zone ID collision needs to be handled. An example of wrap-around issue is illustrated in Figure 3 that Tx UE in zone 0 cannot differentiate whether Rx UE in zone 12 is in the neighbour zone marked as red, or in a distant zone marked as white. This problem can be handled by increasing the bit-size of zone ID. However, it causes overhead in SCI. So, Option 2 is not preferred compared with Option 1.

[image: ]
Figure 3: Ambiguity inherent in zone ID-based approach
Therefore, the following is proposed:
Proposal 7: For distance-based HARQ feedback for groupcast, the coordinate of Tx UE is delivered to RX UE as location information by higher layer signalling.

The applicability of distance-based HARQ feedback for groupcast Option 2 needs to be clarified. The most benefit of Option 2 is improved groupcast reliability since Tx UE could recognize DTX by allocating separate PSFCH resources to each Rx UE in the group. If distance-based HARQ feedback is applied for Option 2, DTX and out-of-communication-range can hardly be differentiated by Tx UE. Therefore, Tx UE might understand no feedback from an out-of-communication-range Rx UE as DTX and trigger unnecessary retransmission, and vice versa. Due to the impact on groupcast reliability, distance-based HARQ feedback should not be applied for groupcast Option 2.
Proposal 8: Distance-based HARQ feedback is only applied for groupcast Option 1.

Others
It was agreed that HARQ feedback can be can enabled/disabled by higher layer (pre-)configuration for both unicast and groupcast. In addition, support of dynamic enabling/disabling of HARQ feedback per PSSCH transmission can be further discussed. 
According to SA 2 [8], Application Layer takes the responsibility of group management including Group ID determination and provides QoS parameters such as VQI and range requirement. So, Application Layer informs V2X Layer of Group ID and QoS parameters. V2X Layer converts Group ID to Destination L2 ID and assigns Source L2 ID, and informs the AS Layer of the Destination L2 ID and the Source L2 ID. This is UE behaviour at Tx side, i.e., Tx UE transmits sidelink packet with the Destination L2 ID, the Source ID, and QoS parameters. Rx UE receives sidelink packet from Tx UE and performs HARQ operation if it is enabled.
If enabling/disabling of HARQ feedback operation is mainly dependent on higher layer configuration (i.e., HARQ operation is performed only when higher layer configures to do it), the following problem is expected: PHY Layer at the RX side have no idea about whether sidelink packet transmitted by Tx UE requires HARQ operation before upper layers at the RX side confirms it. In order to have a common understanding between Tx UE and Rx UE regarding HARQ operation is used or not, an indication via PHY layer signalling is required. One way is to use SCI such as Tx UE indicates whether HARQ operation is used or not for the associated PSSCH.
On the other hand, congestion-level based dynamic enabling/disabling of HARQ feedback without SCI indication was also discussed. However, it is hard to ensure the congestion levels measured by Tx UE and Rx UE are precisely aligned, especially considering that Tx and Rx UE may be far from each other and under different interference environments.
Proposal 9: For unicast and groupcast, dynamic enabling/disabling of HARQ feedback via SCI is supported only when higher layers configure that sidelink HARQ feedback is enabled.

3 
4 
Sidelink multi-antenna transmission
For unicast transmission, the TX UE can use proper MIMO transmission and MCS level to maximize the sidelink efficiency and reliability based on the channel quality between the TX UE and RX UEs. Similarly, for groupcast transmission, the TX UE can also use proper MIMO transmission schemes and MCS level based on the channel quality of UEs in that group.
It was already agreed that transmission of one TB with up to 2 layers in a PSSCH is supported. Considering current status on sidelink MIMO progress and remaining specification period, it is difficult to introduce some advanced MIMO features in NR V2X. In this aspect, transparent transmit diversity scheme should be considered in Rel-16 NR V2X. As we have studied in LTE V2X, non-transparent transmit diversity scheme, for example SFBC, can provide some performance gain. However, drawback of SFBC is that the ‘equivalent’ number of transmitted data streams is doubled and thus the interference to other UEs is also doubled. The interference cancellation capability of other UEs is degraded, especially in the case that there is a single or small number of strong interferer. Due to that the technical reason, Rel-15 LTE V2X does not support SFBC and the same argument can apply for Rel-16 NR V2X. Therefore, we propose:
Proposal 10: For sidelink multi-antenna transmission, transparent transmit diversity scheme is supported. 

Sidelink CSI acquisition
Sidelink CSI acquisition
For sidelink CSI acquisition, it was agreed that sidelink (SL) CSI-RS is supported. However, SL CSI-RS is not be transmitted in a periodic manner. In addition, the SL CSI-RS is confined within the PSSCH transmission. In other word, there is no wideband SL CSI-RS transmission as in NR Uu. Therefore, one question is whether SL CSI-RS can guarantee measurement accuracy for CSI measurement and possible other measurements such as SL RSRP for SL pathloss estimation and SL RLM. 
Another issue is design of SL CSI-RS. Since CSI-RS used for NR Uu was designed with lots of flexibility, some of NR Uu’s CSI-RS patterns can be reused for SL as much as possible. For example, the following CSI-RS pattern of NR Uu for 1 and 2 ports can be considered:
· For 1 CSI-RS port, supported frequency densities of each port per PRB are 1 and 3. 
· See Figure 4(a) for an example of density 1 pattern
· See Figure 4(b) for an example of density 3 pattern
· This pattern is used for purpose of tracking RS in NR Uu
· For 2 CSI-RS ports, supported frequency density of each port per PRB is 1.
· See Figure 4(c) for an example of this pattern
However, increasing SL CSI-RS density in frequency domain needs to be considered in order to guarantee measurement accuracy as mentioned earlier. Thus, the following alternatives can be considered for SL CSI-RS pattern:
· For 1 CSI-RS port, the frequency density of each port per PRB is 6. 
· See Figure 4(d) as an example of this pattern
· For 2 CSI-RS ports, the frequency density of each port per PRB is 3 and 6.
· See Figure 4(e) as an example of density 3 pattern
· See Figure 4(f) as an example of density 6 pattern
As discussed, we can make the following observation and proposal:
Observation 6: Since SL CSI-RS is confined within the PSSCH transmission only, an issue is whether SL CSI-RS can provide measurement accuracy or not for CSI measurement and measurement of SL RSRP and SL RLM as well.
Proposal 11: CSI-RS pattern for NR Uu is reused but increasing sidelink CSI-RS density of each port per PRB in frequency domain should be considered in order to guarantee measurement accuracy.
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(a) Density 1 pattern for 1 port
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(b) Density 3 pattern for 1 port
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(c) Density 1 pattern for 2 ports
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(d) Density 6 pattern for 1 port
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(e) Density 3 pattern for 2 ports
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(f) Density 6 pattern for 2 ports


Figure 4: Examples for SL CSI-RS pattern
In addition, SL CSI reporting can be enabled or disabled by configuration and only aperiodic SL CSI is supported. Therefore, for SL CSI-RS transmission, there would be two different alternatives. The first alternative is that SL CSI-RS is transmitted with PSSCH when SL CSI reporting is enabled by higher layers and actual transmission of SL CSI-RS is triggered by SCI. The other alternative is that SL CSI-RS is transmitted always with PSSCH whenever SL CSI reporting is enabled by higher layers. It can be considered that enabling and disabling of SL CSI reporting is configured by report setting of CSI framework which is part of resource pool configuration. Further details on this will be discussed in next section. If the first alternative is adopted, SL CSI-RS can be transmitted only when SL CSI reporting is triggered by SCI. Therefore, SL CSI-RS cannot be used for other purposes such as SL RSRP for SL pathloss estimation and SL RLM measurement. Since there is no periodic CSI-RS transmission in sidelink, we propose that SL CSI-RS is transmitted always with PSSCH when SL CSI reporting is enabled by higher layers.
Proposal 12: SL CSI-RS is always transmitted with PSSCH when CSI reporting is enabled by higher layers.

Sidelink CSI procedure
For SL CSI procedure, one issue to discuss is about whether or not to reuse NR Uu CSI framework. Since CQI/RI reporting is supported and SL CSI-RS is supported for CQI/RI measurement, it is very straightforward to adopt the NR Uu CSI framework for NR sidelink. Moreover, adopting the NR Uu CSI framework in NR sidelink would be helpful and easy to enhance SL CSI in future release. The NR Uu CSI framework consists of resource setting and report setting. Specifically, M≥1 resource setting contains S≥1 resource set(s) and each resource set includes at least one CSI-RS resource. And there is N≥1 report setting including CSI reporting configuration. One or more resource setting can be linked to report setting. Detailed CSI-RS related information is configured within CSI-RS resource in resource setting. Also, detailed CSI reporting related information is configured in report setting. For instance, enabling or disabling of SL CSI reporting can be configured in report setting. The information included in resource setting and report setting need to be decided depending on supported CSI-RS and CSI reporting features in NR sidelink. Based on agreements, aperiodic CSI-RS transmission, aperiodic CSI reporting, and CQI/RI information as SL CSI are supported. Therefore, we need to modify the detailed configuration information in resource and report setting if we reuse CSI framework for NR Uu. Also, we propose that CSI framework is included within resource pool configuration in order to configure same resource and report setting for UEs in the same resource pool.
Proposal 13: CSI framework for NR Uu is reused for NR SL CSI procedure and CSI framework is associated with resource pool configuration.
· M≥1 resource setting contains S≥1 resource set(s) and each resource set includes at least one SL CSI-RS resource.
· N≥1 report setting including SL CSI reporting configuration.
· One or more resource setting is linked to report setting.
Another issue is RX UE behaviour when the UE reports CSI to TX UE. It was agreed that sidelink CSI is delivered using PSSCH by the resource allocation procedure for data transmission. Depending on resource allocation modes (Mode1 and Mode2 defined in NR sidelink), PSSCH resource for sidelink CSI reporting can be selected in a different way. In case of Mode 1, UE receives information on PSSCH resource allocation from gNB and use this resource to report sidelink CSI. However, for Mode 2 if PSSCH resource for sidelink CSI reporting is selected by RX UE based on sensing and resource selection procedure, receiving CSI feedback may not be guaranteed in the aspect of TX UE. Specifically, if RX UE fails to select resource for CSI reporting then TX UE would not receive CSI from RX UE. We need to discuss how to resolve this kind of uncertainty when TX UE triggers CSI reporting to RX UE.Thus, we propose:
Proposal 14: Further discuss about PSCCH resource selection for sidelink CSI reporting in Mode2  
Also, whether PHY layer signalling (likewise UCI in Uu) or higher layer signalling (e.g., MAC-CE) is used for carrying SL CSI reporting information needs to be discussed. It is expected that payload size of SL CSI report would be at least 4 bits considering 3bits for CQI and 1bit for RI. So, from overhead perspective, using PHY layer signalling for SL CSI reporting should be acceptable. Also, for future proof, using PHY layer signalling would be beneficial. For example, SL beam management will be able to be introduced in Rel-17. In such case, for faster beam management, PHY layer signalling is more desirable than higher layer signalling. Also, even though SL CSI reporting can only be transmitted on PSSCH in Rel-16, enhancements to SL CSI reporting will be able to be introduced in Rel-17, e.g., SL CSI reporting on PSFCH. So, we propose:
Proposal 15: PHY layer signalling is supported for carrying SL CSI reporting information on PSSCH.
It was agreed that for congestion control, LTE CBR is the baseline for defining NR CBR. In LTE V2X, only TX UE decides transmission parameters depending on the congestion level measured by the TX UE. Unlike LTE V2X, NR V2X supports CSI reporting for unicast and RX UE can use CBR for CQI and RI calculation and their feedback. For instance, RX UE reports CQI with the highest CQI index satisfying target BLER within a range of CQI decided by CBR from RX UE. Then, TX UE can decide transmission parameters based on the reported CQI/RI from RX UE.
Proposal 16: CQI/RI is calculated by RX UE considering its CBR.

Sidelink power control
5 
General Issues
Which UE performs L3 filtering for RSRP
Pathloss is calculated by the difference value of the transmit power of RS used for RSRP measurement and the corresponding L3-RSRP. For SL-pathloss based power control, one issue is which UE performs L3 filtering for RSRP based on the previous agreement “SL-RSRP is reported to TX UE from RX UE, and TX UE derives pathloss estimation”. There are following two alternatives for down selection:
Alt.1, TX UE performs L3 filtering for RSRP, and L1-RSRP is reported from RX UE to TX UE
· Pros: No any information of the transmit power of RS used for RSRP measurement is needed to be signalled to RX UE
· Cons: Frequent L1-RSRP reporting is required to obtain samples enough for L3 filtering.
Alt.2, RX UE performs L3 filtering for RSRP, and L3-RSRP is reported from RX UE to TX UE, and the transmit power of RS used for RSRP measurement can be changed based on SL-pathloss and/or DL-pathloss.
· Pros: Frequent L3-RSRP reporting is not needed, i.e., one-shot L3-RSRP reporting. 
· Cons: When the transmit power of RS used for RSRP measurement is changed along with pathloss, the change information needs to be signalled to RX UE. And, RX UE shall adjust the corresponding L1-RSRP sample based on the change information to make sure all of L1-RSRP samples used for L3 filtering to generate L3-RSRP are equivalently measured based on the RS with a fixed power.
Alt.3, RX UE performs L3 filtering for RSRP, and L3-RSRP is reported from RX UE to TX UE, and the transmit power of RS used for RSRP measurement cannot be changed based on SL-pathloss and/or DL-pathloss.
· Pros: Frequent L3-RSRP reporting is not needed, i.e., one-shot L3-RSRP reporting. 
· Cons: The RS used for RSRP measurement needs to use a fixed transmit power regardless of pathloss including DL-pathloss and SL-pathloss.
For Alt.3, using a fixed transmit power for the RS is contrary to the motivation of SL-pathloss and DL-pathloss based power control even if the RS occupies several REs within one PRB. In addition, in order to keep the same total transmit power in each PSCCH/PSSCH symbol, the EPRE of PSCCH/PSSCH in the symbol with the RS will be different from that in the symbol without the RS. This will complicate the determination of transmit power of PSCCH/PSSCH. To simplify the system and keep the consistency as pathloss based power control for PSCCH/PSSCH, using a fixed transmit power for the RS doesn’t make sense. Therefore, down selection can be based on Alt.1 and Alt.2.
To compare Alt.1 and Alt.2, signalling overhead can be considered as one factor. It seems that signalling overhead in Alt.1 is larger than Alt.2 since L1-RSRP reporting is frequent. However, in Atl.2, additional signalling is needed to indicate the change information of the transmit power of RS used for RSRP measurement. Thus, the overall signalling overhead of the two alternatives may be near. On the other hand, it seems that L1-RSRP reporting carried by PSFCH or PSSCH has more specification impact and effort than L3-RSRP reporting carried by SL RRC signalling. However, L1-RSRP reporting may be supported for other purpose sooner or later since beam management will be supported for FR2 in Rel-17. Thus, L1-RSRP reporting related specification impact and effort may not be an issue if considering forward compatibility. Therefore, further analysis is needed to down select one of the two alternatives.
Proposal 17: To down select one of the following alternatives:
· Alt.1: TX UE performs L3-filtering for RSRP, and L1-RSRP is reported from RX UE to TX UE
· Alt.2: RX UE performs L3-filtering for RSRP, and L3-RSRP is reported from RX UE to TX UE

Which RS is used for RSRP measurement
Regarding the RS used for RSRP measurement for the purpose of SL-pathloss based power control, both CSI-RS and DMRS can be used from the technical perspective. If CSI-RS is used for SL-pathloss calculation, then additional UE behaviour needs to be specified. For example, it is possible that CSI reporting is not enabled but SL-pathloss based power control is enabled for unicast. In such case, , using CSI-RS dedicated for SL-RSRP measurement seems not efficient due to the overhead caused by CSI-RS. On the other hand, SL-RSRP measurement based on DMRS is always supported for the purpose of resource sensing. Therefore, DMRS should be used as the baseline RS for RSRP measurement. On the other hand, when CSI reporting is enabled for the unicast transmission, CSI-RS can be used as the assistant RS to improve the accuracy of SL-RSRP measurement. However, since the assistance is not always available, it will complicate the UE behaviour on RSRP measurement. To simplify the UE behaviour, only DMRS is used for SL-RSRP measurement.
Proposal 18: DMRS is used for SL-RSRP measurement for the purpose of SL-pathloss based power control.
How to handle SL-pathloss based power control before SL-RSRP is available
When SL-pathloss based OLPC is enabled, how to handle SL-pathloss based power control before SL-RSRP for a RX UE is available at TX UE side should be discussed. The simplest way is that TX UE just assumes that SL-pathloss based OLPC is not enabled, even though it is enabled. Thus, power control mechanism in LTE V2X can be reused for NR V2X without enabling SL-pathloss based OLPC. The power control mechanism is dependent on whether TX UE is in the coverage of serving gNB or not. If TX UE is inside the coverage, DL-pathloss based OLPC can be used to determine the transmit power. If TX UE is in out-of the coverage, a pre-configured power can be used as the transmit power.
Proposal 19: Before SL-RSRP is available to TX UE, TX UE assumes that SL-pathloss based OLPC is not enabled, i.e.
· If TX UE is in-coverage, DL-pathloss based OLPC is used.
· If TX UE is out-of-coverage, a pre-configured transmit power is used.
Power control formula
In LTE V2X, power control formulas are separately specified for Mode 3 and Mode 4 because Mode 3 and Mode 4 can suffer from different interference levels. This design can be applied for NR V2X as well, i.e., Mode 1 and Mode 2 have separate power control formulas. In addition, power control formula for LTE V2X Mode 4 has maxTxpower configured by higher layers for congestion control. Similar to LTE V2X, the maximum transmit power in NR V2X Mode 2 needs to be restricted by congestion control, i.e., a maxTxpower value based on the priority level of the PSSCH and the CBR range can be used as the maximum transmit power.
Proposal 20: NR V2X Mode 1 and Mode 2 have separate sidelink power control formulas.
Proposal 21: For NR V2X Mode 2, a pre-configured maximum transmit power based on priority of PSSCH and CBR range is considered. 

Power Control for PSCCH
SL-pathloss based power control
It has been argued that for unicast, PSCCH should be decoded by more UEs as far as possible for the purpose of resource sensing. So, it was proposed that SL-pathloss based power control is not applied for PSCCH for unicast. However, in such case, since the interference level of PSCCH is also enlarged, the overall performance gain is unclear. On the other hand, one agreement “Total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot” was made in the last meeting. If PSCCH and the associated PSSCH use different pathloss to determine the transmit power, it will be difficult to keep the same total transmit power in each PSCCH/PSSCH symbol. For example, the total transmit power of PSCCH with DL-pathloss based OLPC may be larger than the total transmit power of the associated PSSCH with SL-pathloss based OLPC. Therefore, SL-pathloss based OLPC should be also applied to PSCCH, which is the same as the associated PSSCH. Furthermore, PSCCH and PSSCH can use the same configuration of power control parameters including alpha and P0 as in LTE V2X Mode 3/4.
Proposal 22: Both DL-pathloss based OLPC and SL-pathloss based OLPC are applied for PSCCH Also, PSCCH and the associated PSSCH use the same reference for pathloss calculation.
PSD boosting compared to the associated PSCCH
In LTE V2X Mode 3/4, 3dB PSD boosting is applied for PSCCH to achieve higher reliability and larger coverage comparing with the associated PSSCH. In NR V2X, it may be difficult to support PSD boosting of PSCCH compared to the associated PSSCH since the multiplexing pattern of PSCCH and PSSCH is different from LTE V2X. For example, as illustrated in Figure 5, assuming 3dB PSD boosting of PSCCH compared to the associated PSSCH is applied, the transmit power of PSCCH and PSSCH-Part-2 can be separately determined as following, 
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Figure 5: Option 3 for multiplexing pattern
In order to keep the same total transmit power in each PSCCH/PSSCH symbol, the transmit power of PSSCH-Part-1 can be determined as following,


This means the precondition of applying 3dB PSD boosting for PSCCH is PPSSCH-1,linear ≥ 0, i.e., PPSSCH-2,linear ≥ PPSCCH,linear. Thus, MPSSCH-2 ≥ 2∙MPSCCH can be accordingly derived. In other words, only when the bandwidth of PSSCH-Part-2 is same as or larger than the twice of the bandwidth of PSCCH, 3dB PSD boosting can be applied to PSCCH. This precondition will restrict the design of PSSCH subchannel. In addition, the decoding performance of PSSCH may be impacted due to the different EPRE from PSSCH-Part-1 and PSSCH-Part-2. As analysed above, the transmit power allocated for PSSCH-Part-1 is dependent on the ratio of bandwidth of PSSCH-Part-2 to the bandwidth of PSCCH. When the transmit power of PSSCH-Part-1 is very low, the transmission of PSSCH-Part-1 may be useless because it is dropped at RX UE side. Therefore, PSD boosting of PSCCH compared to the associated PSSCH is not supported, and low coding rate can be used to achieve high reliability and large coverage for PSCCH.
Proposal 23: PSD boosting of PSCCH is not supported.

Power Control for PSFCH
DL-pathloss based power control
Same as PSCCH/PSSCH, DL-pathloss based OLPC can be applied for PSFCH when RX UE is inside the coverage of a serving gNB. The benefit is to minimize interference to serving gNB. To achieve different requirements for PSCCH/PSSCH and PSFCH, DL-pathloss based power control parameter (e.g., P0 and alpha) can be separately configured for PSCCH/PSSCH and PSFCH. When RX UE is out of the coverage, a preconfigured transmit power can be used for PSFCH, which is same as PSCCH/PSSCH. Similarly, the transmit power can be separately configured for PSCCH/PSSCH and PSFCH.
Proposal 24: DL-pathloss based OLPC is applied for PSFCH when RX UE is in-coverage.
SL-pathloss based power control
If SL-pathloss based OLPC is applied for PSFCH, how to obtain SL-pathloss at RX UE side should be discussed. There would be the following alternatives: One way is that TX UE informs RX UE of TX UE’s transmit power. However, it is not in-line with the previous agreement, “SL-RSRP is reported to TX UE from RX UE, and TX UE derives pathloss estimation”. Another way is that the SL-pathloss derived by TX UE is signalled to RX UE but it should be noted that this alternative was already proposed but finally objected when the above agreement was made. The other way is that TX UE measures the RS transmitted by RX UE and reports SL-RSRP to RX UE. However, it is also not desirable because it makes system complicated. So, for PSFCH power control, SL-pathloss is not used.
Proposal 25: SL-pathloss based OLPC is not supported for PSFCH.

Power Control for SL CSI-RS and SL PTRS
Power control for groupcast
SL CSI-RS is used for SL CSI acquisition, and it has been agreed that SL CSI-RS is non-standalone and shall be transmitted along with a PSSCH transmission. Therefore, the transmit power of SL CSI-RS can be determined based on the EPRE of the accompanying PSSCH. Since SL CSI-RS doesn’t exist in every PSCCH/PSSCH symbol, in order to keep the same total transmit power in each PSCCH/PSSCH symbol, SL CSI-RS should use the same EPRE as the accompanying PSSCH. If PSD boosting of SL CSI-RS compared to the accompanying PSSCH is important and really necessary, it can be realized by muting some REs in the same symbol. For example, both SL ZP CSI-RS and SL NZP CSI-RS can be configured, and the originally allocated power on the SL ZP CSI-RS RE can be boosted to the SL NZP CSI-RS RE to achieve the PSD boosting of SL CSI-RS compared to the accompanying PSSCH.
Proposal 26: SL CSI-RS uses the same EPRE of the accompanying PSSCH as the baseline. 
Power control for SL PTRS
SL PTRS is transmitted along with a PSSCH in FR2 system and the RX UE uses the PTRS to measure and compensate the phase noise in the accompanying PSSCH. Therefore, the transmit power of SL PTRS shall be determined based on the EPRE of the accompanying PSSCH. The number of SL PTRS REs in every PSCCH/PSSCH symbol can be different depending on the configuration and in order to keep the same total transmit power in every PSCCH/PSSCH symbol, EPRE of the SL PTRS shall be the same as EPRE of the accompanying PSSCH.
Proposal 27: SL PTRS uses the same EPRE as the accompanying PSSCH.

Power control for groupcast
[bookmark: _GoBack]If SL-pathloss based OLPC is supported for groupcast, SL-RSRP needs to be reported from all the RX UEs belonging to the same group with TX UE, and TX UE derives SL-pathloss from SL-RSRPs received from all the RX UEs and finds the maximum SL-pathloss to determine the transmit power. For connection-less group, SL-pathloss based OLPC is not feasible because TX UE has no information about the number of RX UEs belonging to the group. For connection-oriented group, SL-pathloss based power control seems feasible but it will increase traffic load in the network unnecessarily and makes half-duplexing problem severer, especially when the number of RX UEs in a group is large. In addition, the number of pathloss maintained by UE should be limited due to UE complexity. If SL-pathloss based power control is adopted, in worst case, UE has to handle 4 DL-pathloss and N SL-pathloss. Considering that SL-based power control for groupcast is not optimized for each RX UE (i.e., maximum pathloss is applied and the worst case is considered), imposing the heavy burden to UE does not make sense. Therefore, SL-pathloss based OLPC is not supported for groupcast.
It was argued that SL-based power control for groupcast can be considered for a special case when TX UE and all the RX UEs in a same group have PC5 RRC connection with each other (i.e., the TX UE has unicast connection to every RX UE in the group) and there is no need to introduce additional UE behaviour for SL-pathloss calculation. However, this scenario is a corner case and any optimization for this case is not necessary.
Proposal 28: SL-pathloss based OLPC is not supported for groupcast.

Conclusions
In this contribution, we presented our views on physical layer procedures for NR V2X sidelink, including the design for HARQ transmission, MIMO and CSI, and power control. Based on the discussion, the following proposals are provided:
Observation 1: For PSFCH configuration with a period of N>1 slots, whether to support partial of the slots within a resource pool with associated PSFCH resources as well as partial of the slots within a resource pool without associated PSFCH resources need further clarification.
Observation 2: The impact on PSFCH decoding performance caused by PSFCH resource multiplexing within one slot needs to be further evaluated.
Observation 3: There is a trade-off between complexity of PSSCH-PSFCH mapping rule and efficiency of resource utilization when PSFCH-associated slot and PSFCH-less slot coexist in a same resource pool.
Observation 4: Periodically configuring PSFCH resource in frequency domain can be utilized by sidelink transmission spanning multiple sub-channels. It is beneficial to avoid half duplex problem and to reduce latency.
Observation 5: For groupcast transmission, the respective applicability of Option 1 vs. Option 2 is related to following aspects:
· Group characteristics (connection-less or connection-oriented)
· Number of RX UEs
· QoS
Observation 6: Since SL CSI-RS is confined within the PSSCH transmission only, an issue is whether SL CSI-RS can provide measurement accuracy or not for CSI measurement and measurement of SL RSRP and SL RLM as well.
Proposal 1: If N>1 is configured and on each slot feedback-based transmission can be enabled, in order to support separate HARQ-ACK feedback, multiple PSFCH resources need to be configured within one slot. 
Proposal 2: Support HARQ-ACK multiplexing at least to support periodically configured PSFCH resources with a period of N>1 slots.
Proposal 3: Support periodically configured PSFCH resource in frequency domain with a period of M subchannels.
Proposal 4: For groupcast, whether Option 1 or Option 2 should be used is (pre-)configured by higher layer and no dynamic indication of Option 1 and Option 2 is introduced.
Proposal 5: For HARQ feedback for groupcast, pure Option 1 and Option 2 are supported only:
· For Option 1, not support that all or a subset of receiver UEs share a PSFCH resource.
· For Option 2, not support that all or a subset of receiver UEs share a PSFCH resource for ACK transmission and another PSFCH resource for NACK transmission.
· Not support the mixture of Option 1 and Option 2.
Proposal 6: At least in time/frequency domain, the same PSSCH-PSFCH resource mapping rule is applied for unicast as well as groupcast Option 1 and Option 2. 
Proposal 7: For distance-based HARQ feedback for groupcast, the coordinate of Tx UE is delivered to RX UE as location information by higher layer signalling.
Proposal 8: Distance-based HARQ feedback is only applied for groupcast Option 1.
Proposal 9: For unicast and groupcast, dynamic enabling/disabling of HARQ feedback via SCI is supported only when higher layers configure that sidelink HARQ feedback is enabled.
Proposal 10: For sidelink multi-antenna transmission, transparent transmit diversity scheme is supported. 
Proposal 11: CSI-RS pattern for NR Uu is reused but increasing sidelink CSI-RS density of each port per PRB in frequency domain should be considered in order to guarantee measurement accuracy.
Proposal 12: SL CSI-RS is always transmitted with PSSCH when CSI reporting is enabled by higher layers.
Proposal 13: CSI framework for NR Uu is reused for NR SL CSI procedure and CSI framework is associated with resource pool configuration.
· M≥1 resource setting contains S≥1 resource set(s) and each resource set includes at least one SL CSI-RS resource.
· N≥1 report setting including SL CSI reporting configuration.
· One or more resource setting is linked to report setting.
Proposal 14: Further discuss about PSCCH resource selection for sidelink CSI reporting in Mode2  
Proposal 15: PHY layer signalling is supported for carrying SL CSI reporting information on PSSCH.
Proposal 16: CQI/RI is calculated by RX UE considering its CBR.
Proposal 17: To down select one of the following alternatives:
· Alt.1: TX UE performs L3-filtering for RSRP, and L1-RSRP is reported from RX UE to TX UE
· Alt.2: RX UE performs L3-filtering for RSRP, and L3-RSRP is reported from RX UE to TX UE
Proposal 18: DMRS is used for SL-RSRP measurement for the purpose of SL-pathloss based power control.
Proposal 19: Before SL-RSRP is available to TX UE, TX UE assumes that SL-pathloss based OLPC is not enabled, i.e.
· If TX UE is in-coverage, DL-pathloss based OLPC is used.
· If TX UE is out-of-coverage, a pre-configured transmit power is used.
Proposal 20: NR V2X Mode 1 and Mode 2 have separate sidelink power control formulas.
Proposal 21: For NR V2X Mode 2, a pre-configured maximum transmit power based on priority of PSSCH and CBR range is considered. 
Proposal 22: Both DL-pathloss based OLPC and SL-pathloss based OLPC are applied for PSCCH Also, PSCCH and the associated PSSCH use the same reference for pathloss calculation.
Proposal 23: PSD boosting of PSCCH is not supported.
Proposal 24: DL-pathloss based OLPC is applied for PSFCH when RX UE is in-coverage.
Proposal 25: SL-pathloss based OLPC is not supported for PSFCH.
Proposal 26: SL CSI-RS uses the same EPRE of the accompanying PSSCH as the baseline. 
Proposal 27: SL PTRS uses the same EPRE as the accompanying PSSCH.
Proposal 28: SL-pathloss based OLPC is not supported for groupcast.
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