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1. Introduction
The V2X WI has been approved in RAN#83 meeting [1]. The sidelink physical layer procedures, including the HARQ procedures, CSI acquisition for unicast, and Power control, should be defined in Rel-16. 
	· 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]


In this contribution, we provide our view for the design of sidelink physical layer procedures.
2. HARQ procedure 
Some remaining aspects for HARQ procedure are discussed in this section.
2.1. HARQ feedback for groupcast 
Two HARQ-ACK options are supported for groupcast in NR V2X as following agreements. 
	Agreements:
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet
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.


Regarding the HARQ-ACK option 1, one remaining issue is whether a subset of receiver UEs can share a PSFCH or a pool of PSFCH. It may require multiple PSFCH resources to be configured and used for receiver UEs, which degrades the resource utilization and complicates the design. Further, it increases the complexity of the TX UE due to higher decoding burden. Finally, the benefit is not clear for this proposal. 
[bookmark: _Ref7522379][bookmark: _Ref7460580]Proposal 1: Regarding HARQ feedback for groupcast, when Option 1 is used for a groupcast transmission, all the receiver UEs share a PSFCH. It is not necessary to support a pool of PSFCH, or only a subset of the receiver UEs sharing a PSFCH.
Regarding Option 2, each receiver UE sends HARQ ACK or NACK respectively for success or failure of each reception. A variation of Option 2 is that all or a subset of the receiver UEs share a PSFCH for ACK and another PSFCH for NACK. The benefit of this scheme is still not shown. Considering limited remaining time for Rel-16 V2X WI, it is preferred not to support this scheme.
[bookmark: _Ref7522381]Proposal 2: Regarding HARQ feedback for groupcast, when Option 2 is used for a groupcast transmission, all or a subset of the receiver UEs share a PSFCH for ACK and another PSFCH for NACK is not supported. 
	Agreements:
· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.


As agreed in the email discussion after RAN1#98bis meeting, SCI is used to indicate the selected groupcast option. One bit can be added in 1st or 2nd stage SCI to indicate the groupcast option. Alternatively, some existing field can be reused without increasing the SCI overhead, for example, the communicate range agreed for groupcast option 1, because it is not useful in option 2 given that every UE should send HARQ feedback regardless of the range requirement. More specifically, one of the code point of communicate range can be used to indicate that option 2 should be used by the receiver UEs.
[bookmark: _Ref23936561]Proposal 3: For the indication of selected groupcast option, some field used only for Option 1 can be reused, e.g., communication range requirement indication field, where one special code point indicating Option 2 is used.
2.2. Distance based HARQ feedback
Based on the working assumptions and agreements reached in previous meetings [2][3], at least the TX-RX geographical distance based HARQ-ACK feedback is supported, and FFS the support of L1-RSRP based HARQ-ACK feedback. In the following, three aspects will be discussion, i.e., geographical TX-RX distance indication, transmission range indication and L1-RSRP based HARQ-ACK feedback.
	Working assumption:
· Regarding the use of TX-RX geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast
· Support at least the use of TX-RX geographical distance
· FFS whether or not to additionally use L1-RSRP
Companies are encouraged to perform additional evaluations/analysis
Agreements:
· For TX-RX distance-based HARQ feedback for groupcast Option 1, 
· The location information of TX UE is indicated by the 2nd stage SCI payload 
· FFS whether/how higher layer signaling is also used in signaling the location information
· [bookmark: OLE_LINK2]FFS whether/how to handle when the location information is not available at TX and/or RX UE.
Working assumption:
· For TX-RX distance-based HARQ feedback for groupcast Option 1,
· Zone is (pre-)configured with respect to geographical area, and Zone ID associated with TE UE’s location is indicated by SCI.
· Details FFS
Note: this does not intend to impact the discussion on the zone based resource allocation.
Agreements:
· For the communication range requirement for TX-RX distance-based HARQ feedback, explicit indication in the 2nd stage SCI is used.
· FFS details


· Geographical TX-RX distance indication
It has agreed that SCI is used to convey the location information. From signalling overhead perspective, it is not desirable to apply the geographical location information directly in physical layer due to large signalling overhead. Consequently, it is proposed to use “quantized” position information, e.g. similar to the geographical zone concept used in LTE V2X. 
[bookmark: _Ref24102329]Proposal 4: Zone ID associated with TE UE’s location is indicated by SCI.
Zone size determination
[bookmark: OLE_LINK10][bookmark: OLE_LINK12]However, there is a tradeoff between the signaling overhead and the accuracy of positioning at determining the resolution of the zone. A large number of zones increases the positioning accuracy at the cost of larger signaling overhead, while a small number of zones may increase the number of unnecessary NACK feedback, which in turn results in increasing of unnecessary retransmission and higher resource collision probability. Moreover, the optimal resolution of zone may vary in different scenarios (e.g., highway, urban, etc.), or under different QoS requirements (e.g., communication range). 
As a result, it seems challenging to design a proper zone resolution applicable to all the scenarios. An alternative way is to define a quantized zone size as small as possible that can be used in every scenario.  However, it brings larger signaling overhead.
[bookmark: _Ref16770988]Observation 1: There is a tradeoff between signaling overhead and positioning accuracy. 
Consequently, there are two issues in quantized position scheme according to the analysis above:
· Issue 1: It is difficult to design a proper zone resolution adapted to all the scenarios.
· Issue 2: Signaling overhead is large if a high resolution is used for better positioning accuracy.
[bookmark: OLE_LINK5][bookmark: OLE_LINK9]The issues mentioned above can be mitigated when the size of the geographical zone varies with the communication range requirement. In this case, the receiver UE would feedback only if it is in the same zone as the TX UE or the adjacent zones from the TX UE. For issue 1, the optimal resolution would be determined dynamically for each transmission, which is no longer constrained by the scenario and QoS parameters. An example is shown in Figure 1 and Figure 2, where the zone size equals to half of the range requirement can lead to a higher ranging accuracy, which can further eliminate unnecessary HARQ NACK feedback. As a result, the TX UE can select preferable resolution to reach a higher accuracy, which is more flexible for different scenarios and service requirements. 
	

	


	[bookmark: _Ref16883480]Figure 1 The length of a zone equals to the communication range
	[bookmark: _Ref16857432]Figure 2 The length of a zone equals to half of the communication range


Issue 2 can also be mitigated via the dynamic zone size scheme. The largest and smallest minimum required communication range defined in 22.186 are 1000m and 50m, respectively. When the resolution is pre-configured, the zone size cannot be larger than the smallest range value (i.e. 50ms), in order to guarantee the accuracy for all the scenarios and QoS requirements. Based on this assumption, the total SCI overhead of zone ID is about 10bits. 
[image: ]
[bookmark: _Ref16883567]Figure 3 The pathloss curves in different scenario
However, such overhead is too large for SCI and can be reduced by further investigation. Firstly, the scenario requiring a very large communication range (e.g., up to 1000m) has high probability under the excellent channel condition like highway, where the pathloss retains at a relatively small level and increases slightly with the distance as shown in Figure 3. In this case, a small value of zone size (e.g., 50m) is not required at all, and is undesirable due to the large SCI overhead. A larger zone size is more desirable (e.g., 250m) to reduce the zone ID costs (e.g., around 5 bits assuming 250m zone size). 
On the contrary, the scenario requiring smaller communication range (e.g., 50m or 100m) has high probability in a high-loss channel condition. Figure 3 also shows the curve of pathloss in the urban scenario. The pathloss exceeds 130dB when the distance is larger than 400m, where the receiver has difficulties in decoding the signal. Unnecessary retransmission due to the “warp-around” zone ID (issue discussed in our contribution in [4]) can be avoided in this case using less number of zone ID. For example, the cost of zone ID can be reduced to about 6bits when 400m is selected as the critical point. 
[bookmark: OLE_LINK1]Based on the analysis above, the signaling overhead for zone ID can be reduced (e.g., down to about 5~6 bits) if the zone size varies according to the scenarios and requirements. The TX UE can select preferable resolution according to the communication range requirement. Therefore, the zone ID overhead can be reduced compared to the pre-configured scheme.
[bookmark: _Ref16770973]Observation 2: It is more flexible to adapt to different scenario and service requirement when the zone size varies according to the communication range requirement. 
[bookmark: _Ref16859543]Observation 3: The signaling overhead is reduced when the zone size varies according to the communication range requirement.
The dynamic zone size determination associated with the communication range requirement is more flexible and robust. It not only brings much benefit to the diversity transmission, which is no longer constrained by scenario and QoS parameter, but also saves the overhead that position information cost. Hence, the dynamic zone size determination associated with the communication range requirement should be supported.
[bookmark: _Ref16770998]Proposal 5: The dynamic zone size determination associated with communication range requirement is supported.
Zone ID determination
The method for determining the zone ID according to the latitude and longitude of each UE has been defined in LTE V2X. Therefore, a similar scheme can be reused, which will not bring additional complexity. Although the zone size varies dynamically, the TX UE and RX UE can obtain their zone ID via the communication range. 
[bookmark: _Ref23938500]Proposal 6: The zone ID determination scheme similar to LTE V2X can be used as a baseline.
· Transmission range indication
A V2X packet transmission is associated with a communication range requirement. According to the SA1 requirement, several typical ranges are defined. Therefore, corresponding code points in the SCI can be defined or (pre-)configured to indicate the defined ranges. However, it is wasteful to assign a code point for each range respectively as some ranges is closed to each other, e.g., 180m and 200m. Therefore, 3bits can be used for the communication range indicator.
[bookmark: _Ref23938510]Proposal 7: 3 bit can be used for the communication range requirement indication and each code point is linked to a (pre-)configured range value.
· L1-RSRP based HARQ-ACK feedback
Another remaining issue is whether/how to handle the case when the location information is not available at TX and/or RX UE, e.g., due to GNSS coverage hole. In this case, the receiver can decide whether to send feedback based on RSRP measurement. Compared to the geographical distance, RSRP based HARQ feedback is more robust. 
[bookmark: _Ref20826311]Observation 4: The RSRP based scheme is necessary for distance based HARQ feedback when the GNSS information is not available.
[bookmark: OLE_LINK3]System level simulations are executed to evaluate the performance of TX-RX geographical distance based and RSRP based solution for HARQ feedback. The simulation results for highway scenario and urban scenario are shown from Figure 4 and Figure 5. Simulation assumptions are provided in Annex A. The distance for feedback in simulation is 320m and 150m for highway and urban scenarios respectively.
[image: ]
[bookmark: _Ref20840686]Figure 4 Average PRR for distance based and RSRP based schemes in Highway scenario
[image: ]
[bookmark: _Ref20840843]Figure 5 Average PRR for distance based and RSRP based schemes in Urban scenario
According to the evaluation results, the RSRP based schemes with RSRP thresholds of -75dBm and -85dBm have slightly better performance than that of TX-RX geographical distance based scheme in both highway and urban scenarios. Nevertheless, the gain is not significant. The RSRP based schemes with RSRP thresholds of -65dBm and -95dBm have a similar performance with that of TX-RX geographical distance based scheme, which can be easily observed from the interlaced performance curves. In general, the average performance gain of PRR for the RSRP based schemes over the TX-RX geographical distance based scheme is around 2% to 3%. Therefore, the performance between RSRP based scheme and TX-RX geographical distance based scheme is comparable.
[bookmark: _Ref20826318]Observation 5: Comparable performance between RSRP based scheme and TX-RX geographical distance based scheme can be observed in both urban and highway scenarios.
Therefore, the RSRP based HARQ feedback should be supported for the groupcast, especially in the case that the location information is not available.
[bookmark: _Ref20826629]Proposal 8: The RSRP based HARQ feedback is supported for groupcast, especially in case GNSS location information is not available.
2.3. PSSCH-to-HARQ feedback timing
	Working assumption:
·  A single value of K is (pre-)configured in a resource pool.
·  K=3 is supported in addition to K=2.


Above working assumption was made in the email discussion after RAN1#98bis meeting. The intention to introduce K=3 is to cope with increased PSSCH processing time due to 2nd stage SCI decoding and/or smaller number of SL symbols configured per slot. For relaxation of UE processing complexity, K=3 can be accepted. 
[bookmark: _Ref23938537]Proposal 9: Confirm the WA ‘K=3 is supported in addition to K=2’.
Moreover, it was assumed that K value is (pre-)configured per resource pool. Hence, UE camping on the resource pool needs to finish PSCCH/PSSCH processing within K logical slots. To guarantee this point, follow methods can be considered.
· UE is required to finish PSSCH processing within K slots for any potential combination of following system/transmission parameters, e.g., SCS, DMRS pattern, SL symbol(s) mapping per slot, 2nd stage SCI mapping.
· The PSCCH/PSSCH processing time should be clearly restricted in specification, and then proper system parameter configuration can base on the defined PSCCH/PSSCH processing time restriction.
Considering limited remaining time for Rel-16 SL WI, it is suggested to simply reuse the Uu principle to define PSCCH/PSSCH processing time restriction. 
[bookmark: _Ref23938547]Proposal 10: Confirm the WA ‘a single value of K is (pre-)configured in a resource pool’ with following: 
-	Define PSCCH/PSSCH processing time restriction in RAN1 specification. 
2.4. Frequency/code domain PSFCH resource determination 
Following agreements were achieved for frequency/code domain PSFCH resource determination.
	Agreements:
· For implicit mechanism for PSFCH resource determination, 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot 
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with different starting sub-channel(s) in different slots
· …
· FFS how to multiplex HARQ feedback for unicast, groupcast option 1, and groupcast option 2.
Agreements:
· For implicit mechanism for PSFCH resource determination,
· In a resource pool, one or multiple PSFCH candidate resources are determined from the starting sub-channel index and slot index used for the corresponding PSSCH
· Within the determined PSFCH candidate resources, PSFCH resource for actual transmission is selected based on at least the following parameters
· For unicast and groupcast HARQ feedback Option 1,
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· member ID (i.e., the “identifier” agreed in RAN1#97 to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback)
· FFS: L1-source ID (i.e., the ID of TX UE) indicated by SCI


In Rel-16 NR SL, implicit mechanism is used to determine frequency and/or code domain PSFCH resource corresponding to a PSSCH resource. To achieve the implicit mechanism, two aspects can be further considered: 1) association between PSSCH resource and PSFCH resource; 2) Based on the association relation, RX UE derives corresponding PSFCH resource in response to a certain PSSCH transmission. In the following discussion, the two aspects will be discussed in details.
· Association between PSSCH resource and PSFCH resource 
As agreed in email discussion after RAN1#98 meeting, PSSCH transmissions with different starting sub-channel(s) in the same/different slots are mapped to FDMed PSFCH resource. For the simplicity of association between PSSCH and PSFCH, it can be further supported that a PSSCH resource in a certain sub-channel is always associated with a PSFCH resource(s) confined in the same sub-channel. 
[bookmark: _Ref20841355][bookmark: _Ref16771002]Proposal 11: A PSSCH resource in a certain sub-channel is always associated with PSFCH resource(s) confined in the same sub-channel.
· PSFCH resource derivation by RX UE
It has been agreed that a PSSCH resource can map to a set of PSFCH resources. For a given PSSCH transmission, RX UE needs to derive a PSFCH resource from the set of associated PSFCH resources. For different transmission types, the method for RX UE to derive its PSFCH resource can be different.
If RX UE receives a unicast transmission on a PSSCH resource, it performs HARQ-ACK feedback on one of the multiple corresponding PSFCH resource(s). More specifically, it can derive the exact PSFCH resource based on layer-1 source ID. Assuming that number of PSFCH resource in the PSFCH resource set is M, a RX UE can derive the HARQ-ACK feedback resource as m-th resource in a PSFCH resource set, where m = layer-1 source ID mod M. The benefit to involve layer-1 source ID is to randomize interference on PSFCH and to avoid TX UE misunderstanding if more than one RX UEs in proximity feedback HARQ-ACK in response to different data transmissions using the same PSSCH resource.
[bookmark: _Ref16771005]Proposal 12: For unicast transmission, RX UE derives PSFCH resource among a set of PSFCH resource(s) based on the layer-1 source ID for the corresponding PSSCH transmission.
If RX UE receives an option-1 based groupcast transmission, RX UE performs HARQ-ACK feedback on one of the multiple corresponding PSFCH resource(s). Given that only one single NACK feedback may be sent for each TB, a similar approach for unicast can be reused, e.g., RX UE derives the PSFCH resource based on layer-1 source ID. However, it is necessary to avoid the case that a PSFCH resource for unicast is CDM’ed with a PSFCH resource for option-1 based groupcast. Otherwise, the accumulated power on the PSFCH resource from a large number of group members may degrade the decoding performance of the CDM’ed unicast PSFCH. Therefore, the set of PSFCH resources for option-1 based groupcast transmission should be separated from that for unicast transmission. 
[bookmark: _Ref16771009]Proposal 13: For option-1 based groupcast transmission, RX UE derives PSFCH resource among a set of PSFCH resource(s) based on the layer-1 source ID, similarly as the unicast case. However, the PSFCH resources for unicast and option-1 based groupcast transmissions should not be multiplexed in the same PRB(s).
If RX UE receives an option-2 based groupcast transmission, it needs to selects HARQ-ACK feedback resource based on its ‘member ID’, where the dedicated ‘member ID’ is assigned per UE in a groupcast group by high layer. Assuming that number of PSFCH resource in the PSFCH resource set is M, a UE can derive the HARQ-ACK feedback resource as m-th resource in a PSFCH resource set corresponding to a given PSSCH transmission, where m = member ID mod M.
[bookmark: _Ref16771016]Proposal 14: For option-2 based groupcast transmission, RX UE derives PSFCH resource among a set of PSFCH resource(s) based on its in-group ID configured by high layer.
2.5. PSFCH transmission/reception overlap
At the RAN1#97 meeting, it was concluded to further study the following cases for PSFCH transmission and reception overlap. 
	Agreements:
· For Case 1 (PSFCH TX/RX overlap),
· Select PSFCH TX or RX based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation
· For Case 2 (PSFCH TX to multiple UEs),
· Select N PSFCH(s) transmissions based on priority rule
· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.
· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation
· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),
· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2
· Including the current RAN1 agreement on PSFCH design


For case 1, due to half-duplex constraint, a UE cannot transmit and receive PSFCHs simultaneously. For case 2, when UE needs to feedback multiple PSFCHs to different UEs, due to UE capability constrain or power limitation (e.g., limited total TX power or high PAPR for simultaneous PSFCH transmissions) it may not support simultaneous PSFCH transmissions. 
For case 1 and case 2, it has been agreed at the RAN1#98 meeting that, priority rule at least based on priority indication in the associated PSCCH/PSSCH is used to decide whether to drop some PSFCH transmission/reception, while some other priority rules are still under discussion. Among the candidates on the table, HARQ state can be used to decide whether to drop some PSFCH transmission or not. More specifically, NACK transmission for unicast and option 2 based groupcast can be dropped with higher priority: since both DTX and NACK feedback will incur retransmission, dropping the NACK feedback will not impact TX UE retransmission behavior.
[bookmark: _Ref20826586]Proposal 15: For case 1 and case 2, priority rule based on HARQ state is used to drop PSFCH transmission.
For case 3, although it is similar to case 2, whether to use PSFCH dropping needs to be carefully studied. In case 3, destination of multiple PSFCH transmissions is the same UE, so HARQ-ACK bundling can be used to reflect a more complete PSSCH decoding results, instead of merely dropping the HARQ feedback. 
[bookmark: _Ref16771021]Proposal 16: For case 3, bundling multiple HARQ feedback bits on a PSFCH resource is applied.
2.6. [bookmark: _Ref16619904]HARQ process
The TX/RX process number should be restricted for a reasonable UE complexity. Therefore, the maximum HARQ process number needs to be determined. In NR Uu, the maximum TX/RX HARQ process number is 16, which can be a baseline for determination of SL TX/RX HARQ process number.
In the Uu interface, each UE has only a single connected link, i.e., connection between base station and UE. However, in the SL interface, each UE may have multiple connected links for unicast transmission. Besides, there are groupcast and broadcast as well. Assuming different unicast links, different groupcast UE groups and broadcast transmissions share the total SL HARQ processes, the HARQ process number needs to be limited per unicast or groupcast link. This is because, when a UE is connected to multiple other UEs, if each link corresponding to a UE pair (including this UE) assumes maximum HARQ process number, simultaneous transmission of these multiple UE pairs will incur HARQ process overload. The maximum HARQ process number of each link can be determined during PC5-RRC link establishment.  
[bookmark: _Ref16771025]Proposal 17: The maximum HARQ process number of a UE is 16 for sidelink. The maximum HARQ process number per link is limited and determined during PC5-RRC link establishment.
3. CSI acquisition
	Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission


At the RAN1#96bis meeting, the above was agreed, which means that no stand-alone CSI-RS transmission is allowed in Rel-16 NR SL. Consequently, aperiodic CSI-RS transmission is a straightforward assumption. To indicate the absence/presence of the aperiodic CSI-RS, 1 bit in SCI can be used. 
[bookmark: _Ref16771030]Proposal 18: 1 bit in SCI is used to indicate the presence of CSI-RS on the associated PSSCH.
	Agreements:
· For CQI/RI reporting on PSSCH: 
· Higher layer signaling (e.g. MAC CE) is used for CQI/RI reporting
· Details up to RAN2
· SL CQI/RI measurement and derivation are based on the existing physical layer procedure for Uu


Although it has been agreed to reuse the Rel-15 physical layer procedure for CQI/RI measurement and derivation, it has not been discussed how to determine the resource for conveying CSI report. It is preferred that RX UE selects resource for CSI feedback. Compared with the other alternative where CSI feedback resource is selected by TX UE, less spec impact on resource selection and reservation procedure is expected, and less SCI overhead can be expected because resource reservation for the CSI transmission needs to be indicated when TX UE performs the resource selection.
Moreover, for RX UE to select CSI transmission resource, the selected resource should be constrained within a time window after receiving CSI-RS to guarantee the CSI accuracy. Otherwise, the CSI report becomes obsolete, thus leading to improper link adaptation result as well as degraded PSSCH performance. 
[bookmark: _Ref16771032]Proposal 19: Support RX UE to select PSSCH resource for CSI report, which should be constrained within a (predefined) time window to guarantee the CSI accuracy.
Based on the SL CSI-RS transmission and CSI report discussion, the CSI (including CQI and RI) report would be appropriate for short-term link adaptation for the following unicast transmission(s) between the UE pairs. Nevertheless, how the TX UE performs link adaptation needs to be further studied.
For MCS adaptation in LTE SL, MCS range per UE speed can be (pre-)configured, and UE can autonomously select MCS within the MCS range for the TB transmission. If the TB cannot fit into the selected/scheduled resource assuming the maximum allowed MCS, UE can request new resource or perform resource reselection. Such principle can be reused in NR SL at least for groupcast or broadcast transmission. However, for unicast transmission, since CSI feedback has been supported, MCS adaptation based on CSI feedback should be supported, e.g., UE determines MCS for a given TB transmission based on acquired CSI, assuming the determined MCS. If reserved resource is not large enough, UE can request new transmission resource or reselect transmission resource.   
To enable the MCS adaptation for unicast transmission based on CSI feedback, solution with simple specification impact is expected, e.g., UE implementation to determine MCS based on CSI feedback, allowing UE to request/reselect transmission resource after receiving CSI feedback.
[bookmark: _Ref20942300][bookmark: _Ref16771034]Proposal 20: For unicast transmission, MCS adaptation based on CSI report is supported with following clarification: 
-	UE implementation to decide MCS for a given TB based on CSI report; 
-	UE is triggered to perform resource reselection after receiving CSI report.
4. Power control
[bookmark: _Hlk4853979]In this section, some remaining aspects of supporting open-loop power control for unicast are discussed.
· SL-RSRP measurement
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Agreements:
· L3-filtered sidelink RSRP reporting (from RX UE to TX UE) for open-loop power control for PSCCH/PSSCH uses higher layer signaling. 
· Details (e.g., reporting layer, triggering condition, etc.) are up to RAN2.
· FFS: Other details


[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK30]At the RAN1#98bis meeting, it was agreed that a UE receiving RS for SL-RSRP measurement reports a L3-filtered sidelink RSRP. One relevant issue is that if the variation of transmit power among SL-RSRP measurement period is not notified to RX UE, the RX UE cannot know when the TX UE changes its transmit power. Consequently, the filtered SL-RSRP from RX UE may be inaccurate. 
Simulations based on aperiodic traffic model are executed to evaluate the performance on the cases that the transmit power is changed and unchanged during the filtering window, in the highway scenario with the simulation assumption shown in Table 2 in the Annex A. The deviation between the pathloss based on the measured RSRP from the transmission and the actual pathloss is used as the metric. As the result shown in 
Figure 6, when the transmission power is not changed during the filtering window, the deviation mostly concentrates between -8dB to 8dB, which achieves a more concentrated distribution than the other case. 
[bookmark: _Ref20996600][image: ]
Figure 6 Performance comparison with or without transmit power change
[bookmark: _Ref20753031]Therefore, the transmit power should not be changed during the filtering window.
[bookmark: _Ref24102370]Proposal 21: The transmit power should not be changed during the filtering window.
· Physical channels and signals for OLPC
The candidates of physical layer channels and signals for OLPC at least include PSCCH, PSSCH, PSFCH, S-SSB, CSI-RS and PT-RS.
For PSCCH, in order to mitigate the hidden UE problem, the PSCCH should be decoded by all the UE in the proximity for sensing. Therefore, it should be sent in a broadcast manner regardless of whether it is scheduling unicast, groupcast or broadcast transmission. In other words, the sidelink pathloss component may not be applicable for OLPC, either. An example is illustrated in Figure 7. Although OLPC based on the sidelink pathloss between the white car (the RX UE) and the yellow car (the TX UE) is used for PSSCH, it should not be used for the PSCCH transmission, so that the black car can detect the transmission and avoid potential collision at the RX UE side.
[image: ]
[bookmark: _Ref16518840]Figure 7 Different TX power between PSCCH and PSSCH for mitigating hidden UE problem
[bookmark: _Ref4850607]Proposal 22: Sidelink pathloss based OLPC is not applicable to PSCCH regardless of unicast, groupcast or broadcast transmission, nor the CSI-RS for sidelink measurement.
In RAN1 #97, it has been agreed that total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot. Besides, sidelink CSI-RS and/or CSI reporting is also confined within the PSSCH transmission. One remaining issue is how to execute power control when PSSCH multiplex with other physical layer channels and/or signals (i.e. CSI-RS, PT-RS, CSI reporting, etc.). It seems reasonable that the same transmit power should be used for PSSCH symbols with or without other channels/signals. 
On the other hand, given that the CSI-RS is agreed for sidelink measurement (CSI acquisition, pathloss estimation, etc.), its transmission power should not be retuned dynamically according to the sidelink pathloss. Otherwise, the measurement result can hardly be stable and accurate. Therefore, the transmit power of SL CSI-RS can be determined based on the EPRE of the multiplexed PSSCH.
[bookmark: _Ref23845999]Proposal 23: In the case when PSSCH is multiplexed with other channels/signals (CSI-RS, PT-RS, CSI/RSRP reporting, etc.), the total sidelink transmit power is the same in the PSSCH symbols with or without other channels/signals
· Issue of SL pathloss coexist with DL pathloss
[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK26]According to the agreement, both the downlink pathloss and the sidelink pathloss should be considered for compensation in unicast OLPC. The downlink pathloss component is beneficial for mitigating the interference to UL reception at gNB, while the sidelink pathloss component is useful for interference control in sidelink. If both of them are enabled, it is necessary to determine the final pathloss compensation for OLPC.
A straightforward approach is that, the downlink pathloss component is considered as the upper bound for pathloss compensation, while the actual transmit power can be further reduced based on the sidelink pathloss component. However, the problem may occur if the pathloss between the TX and RX UEs are significantly larger than the pathloss between the TX UE and the gNB, as illustrated in Figure 8. In this case, the UE has difficulty to receive and decode the packet due to very low SNR. 
[image: ] 
[bookmark: _Ref4838124]Figure 8 The issue of sidelink unicast transmission with OLPC based on DL pathloss
Furthermore, similar issue may also occur for broadcast/groupcast transmission. A UE near the gNB would have a limited coverage compared with that of another UE far from the gNB, which may not be able to meet the minimum required communication range.
[bookmark: _Ref4850653]Observation 6: For sidelink transmission within the network coverage, using both SL and DL pathloss for OLPC may cause coverage issue when the TX power given by OLPC is not enough for compensation of SL pathloss.
· TDM pattern based solution
A TDM based solution can be applied to resolve this issue. UE can perform different OLPC schemes at different time domain resource sets. For example, as illustrated in Figure 9, some unicast sidelink transmissions may be performed with OLPC based on sidelink pathloss only in resource set A, while other sidelink transmissions may be sent with OLPC concerning the downlink pathloss in another resource set B. By this way, the power of transmission in resource set A is not limited by the downlink pathloss, so that the coverage and performance can be satisfied. The network can avoid scheduling uplink transmission in slots of resource set A, in order to mitigate the interference from sidelink to Uu. 


[bookmark: _Ref4861510][bookmark: _Ref16759719][bookmark: _Ref4861504]Figure 9 Example of the TDM based solution
· Preliminary evaluation results
System level simulation is applied to verify the performance of the TDM based solution. The corresponding evaluation assumption is shown in Table 2 in the Annex A. In this simulation, sidelink pathloss and downlink pathloss based OLPC is modeled. Both highway and urban scenarios are evaluated.
· Baseline scheme:
· OLPC based on the minimum value of sidelink pathloss and downlink pathloss. 
· Mode-1 resource allocation mechanism.
· TDM based scheme:
· OLPC based on sidelink pathloss only.
· [bookmark: _Hlk16772565]Mode-1 resource allocation mechanism. A TDM pattern including resource set A and B as illustrated in Figure 9 is used for OLPC. For the UE whose sidelink pathloss is greater than downlink pathloss, resource set A is used. On the other hand, for the UE whose downlink pathloss is greater than sidelink pathloss, all resources in selection window (including both set A and B) could be used.
System evaluation results of average PRR and average PIR for aperiodic and periodic traffic of above two schemes are as follows.
Highway case:
	[image: ]
[bookmark: _Ref16771380]Figure 10 Average PRR of periodic traffic
	[image: ]
[bookmark: _Ref16771888]Figure 11 Average PIR of periodic traffic
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[bookmark: _Ref16771408]Figure 12 Average PRR of aperiodic traffic
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[bookmark: _Ref16771905][bookmark: _Ref16773308]Figure 13 Average PIR of aperiodic traffic


Urban case:
	[image: ]
[bookmark: _Ref16866463]Figure 14 Average PRR of periodic traffic
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[bookmark: _Ref16866515]Figure 15 Average PIR of periodic traffic
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[bookmark: _Ref16866476]Figure 16 Average PRR of aperiodic traffic
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[bookmark: _Ref16866527]Figure 17 Average PIR of aperiodic traffic


As shown in Figure 10, Figure 12, Figure 14 and Figure 16, the average PRR of TDM based scheme is much better than that of the baseline scheme. Besides, as shown in Figure 11, Figure 13, Figure 15 and Figure 17, the average PIR of TDM based scheme also outperform the baseline scheme. There are about 48% UE in highway case and 26% UE in urban case whose sidelink pathloss is greater than downlink pathloss. By employing the TDM based scheme, these UEs can have a more suitable transmission power to compensate the sidelink pathloss.
[bookmark: _Ref16774856]Observation 7: The performance of average PRR and average PIR of TDM based scheme is significantly better than that of baseline scheme.
[bookmark: _Ref4850610]Proposal 24: TDM based scheme is supported for OLPC, where UE can perform individual OLPC schemes in different time domain resource sets based on different pathloss compensation for different sidelink transmission (e.g., using SL pathloss only in one set, while using DL and SL pathloss in another set).
5. Conclusion
In the contribution, we provide our considerations on the detailed procedure for the design of NR sidelink physical layer procedure with the following observations.
Observation 1: There is a tradeoff between signaling overhead and positioning accuracy.
Observation 2: It is more flexible to adapt to different scenario and service requirement when the zone size varies according to the communication range requirement.
Observation 3: The signaling overhead is reduced when the zone size varies according to the communication range requirement. 
Observation 4: The RSRP based scheme is necessary for distance based HARQ feedback when the GNSS information is not available.
Observation 5: Comparable performance between RSRP based scheme and TX-RX geographical distance based scheme can be observed in both urban and highway scenarios. 
Observation 6: For sidelink transmission within the network coverage, using both SL and DL pathloss for OLPC may cause coverage issue when the TX power given by OLPC is not enough for compensation of SL pathloss.
Observation 7: The performance of average PRR and average PIR of TDM based scheme is significantly better than that of baseline scheme.

Based on these observations, we have the following proposals.
Proposal 1: Regarding HARQ feedback for groupcast, when Option 1 is used for a groupcast transmission, all the receiver UEs share a PSFCH. It is not necessary to support a pool of PSFCH, or only a subset of the receiver UEs sharing a PSFCH.
Proposal 2: Regarding HARQ feedback for groupcast, when Option 2 is used for a groupcast transmission, all or a subset of the receiver UEs share a PSFCH for ACK and another PSFCH for NACK is not supported. 
Proposal 3: For the indication of selected groupcast option, some field used only for Option 1 can be reused, e.g., communication range requirement indication field, where one special code point indicating Option 2 is used.
Proposal 4: Zone ID associated with TE UE’s location is indicated by SCI.
Proposal 5: The dynamic zone size determination associated with communication range requirement is supported.
Proposal 6: The zone ID determination scheme similar to LTE V2X can be used as a baseline.
Proposal 7: 3 bit can be used for the communication range requirement indication and each code point is linked to a (pre-)configured range value.
Proposal 8: The RSRP based HARQ feedback is supported for groupcast, especially in case GNSS location information is not available.
Proposal 9: Confirm the WA ‘K=3 is supported in addition to K=2’. 
Proposal 10: Confirm the WA ‘a single value of K is (pre-)configured in a resource pool’ with following: 
-	Define PSCCH/PSSCH processing time restriction in RAN1 specification. 
Proposal 11: A PSSCH resource in a certain sub-channel is always associated with PSFCH resource(s) confined in the same sub-channel.
Proposal 12: For unicast transmission, RX UE derives PSFCH resource among a set of PSFCH resource(s) based on the layer-1 source ID for the corresponding PSSCH transmission.
Proposal 13: For option-1 based groupcast transmission, RX UE derives PSFCH resource among a set of PSFCH resource(s) based on the layer-1 source ID, similarly as the unicast case. However, the PSFCH resources for unicast and option-1 based groupcast transmissions should not be multiplexed in the same PRB(s).
Proposal 14: For option-2 based groupcast transmission, RX UE derives PSFCH resource among a set of PSFCH resource(s) based on its in-group ID configured by high layer.
Proposal 15: For case 1 and case 2, priority rule based on HARQ state is used to drop PSFCH transmission.
Proposal 16: For case 3, bundling multiple HARQ feedback bits on a PSFCH resource is applied.
Proposal 17: The maximum HARQ process number of a UE is 16 for sidelink. The maximum HARQ process number per link is limited and determined during PC5-RRC link establishment.
Proposal 18: 1 bit in SCI is used to indicate the presence of CSI-RS on the associated PSSCH.
Proposal 19: Support RX UE to select PSSCH resource for CSI report, which should be constrained within a (predefined) time window to guarantee the CSI accuracy.
Proposal 20: For unicast transmission, MCS adaptation based on CSI report is supported with following clarification: 
-	UE implementation to decide MCS for a given TB based on CSI report; 
-	UE is triggered to perform resource reselection after receiving CSI report. 
Proposal 21: The transmit power should not be changed during the filtering window.
Proposal 22: Sidelink pathloss based OLPC is not applicable to PSCCH regardless of unicast, groupcast or broadcast transmission, nor the CSI-RS for sidelink measurement.
Proposal 23: In the case when PSSCH is multiplexed with other channels/signals (CSI-RS, PT-RS, CSI/RSRP reporting, etc.), the total sidelink transmit power is the same in the PSSCH symbols with or without other channels/signals
Proposal 24: TDM based scheme is supported for OLPC, where UE can perform individual OLPC schemes in different time domain resource sets based on different pathloss compensation for different sidelink transmission (e.g., using SL pathloss only in one set, while using DL and SL pathloss in another set).
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Annex A
Table 1  System level simulation assumption for HARQ procedure
	Parameter
	value

	Deployment
	Highway and Urban scenario

	UE drop
	Option A (140km/h and 60km/h for Highway and Urban scenario respectively)

	Communication type
	Groupcast

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	30KHz

	TTI structure
	10 symbols for data

	Traffic parameter
	Traffic type: Aperiodic traffic
Traffic load: Medium Intensity
[bookmark: OLE_LINK4][bookmark: OLE_LINK13]Packet arrival interval: 50ms+an exponential random variable with the mean of 50ms
Packet latency requirement: 50ms
Packet size: 200-2000byte

	HARQ max transmission time
	Four time

	HARQ combination method
	IR

	Feedback distance
	Urban: 150m    Highway: 320m

	RSRP threshold
	(-65/-75/-85/-95) dBm

	Resource for retransmission
	Reserved via resource selection at first transmission time

	Channel model
	NR highway channel model defined in 37.885 [5]




[bookmark: _Ref16774513]Table 2 System level simulation assumption for power control
	Parameter
	value

	Deployment
	Highway, Urban

	UE drop
	Option A (140km/h for highway, 60km/h for urban)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz

	Subcarrier spacing
	15KHz

	OLPC parameter
	P0 = -80 dBm, α = 1

	Transmission type
	Unicast

	Traffic model
	Periodic traffic: Medium Intensity
· Inter-packet arrival time: 10ms
· Packet size: 800 bytes or 1200 bytes
· Latency requirement: 10 ms
Aperiodic traffic: Medium Intensity
· Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50 ms
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
· Latency requirement: 50 ms

	Resource selection
	Mode 1 resource allocation mechanism

	Pattern of TDM based scheme
	Highway case:
For periodic traffic：
· Slot number of resource set A: 6
· Slot number of resource set B: 4
For aperiodic traffic:
· Slot number of resource set A: 26
· Slot number of resource set B: 24
Urban case:
For periodic traffic：
· Slot number of resource set A: 4
· Slot number of resource set B: 6
For aperiodic traffic:
· Slot number of resource set A: 15
· Slot number of resource set B: 35

	TTI structure
	10 symbols for data

	Channel model
	NR V2X channel model defined in 37.885 [5]

	MCS for periodic traffic of different packet sizes
	800bytes: QPSK, CR = 0.44
1200bytes: QPSK, CR = 0.59

	MCS for aperiodic traffic of different packet sizes
	200bytes: QPSK, CR = 0.12
400bytes: QPSK, CR = 0.19
600bytes: QPSK, CR = 0.3
800bytes, 1000bytes: QPSK, CR = 0.44
1200bytes, 1400bytes: QPSK, CR = 0.59
1600bytes: 16QAM, CR = 0.37
1800bytes, 2000bytes: 16QAM, CR = 0.48
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