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This contribution discusses some remaining issues related to sidelink physical layer procedures, based on the latest 3GPP progress, including simultaneous transmission of uplink and sidelink, HARQ and power control.
Discussion
Simultaneous transmission of uplink and sidelink
Regarding to simultaneous transmission of uplink (UL) and sidelink (SL) issue, major progresses were achieved in both RAN 1 and RAN 2 [1-2]. In RAN 1, it concluded to adjust the transmission power of the down-prioritized link before the start of the transmission, such that its total transmission power does not exceed on any overlapped portion. And in RAN2, it determined the prioritization criteria between SL-data and UL-data/SRB, as well as between UL SR and SL data. Considering the timing of acquiring the priorities of both UL and SL transmissions, there are three cases in general: 
· Case 1: the priorities of both UL and SL known at the UE side prior to time of both transmissions
In this case as shown by an illustrative example in Figure 1, if the priorities of both UL and SL are known at the UE side before both transmissions (subject to processing time restrictions), the transmission power of the full transmission in either link could be reduced depending on priority. Otherwise, the adjusting of the transmission power of the down-prioritized link in the beginning portion may not be possible.


Figure 1 Simultaneous transmission of UL and SL: case 1
· Case 2: the priority of UL known at the UE side after SL transmission
In this case as shown by an illustrative example in Figure 2, if the priority of UL is known at the UE side after SL transmission, but with a time gap (covering processing time) earlier than the start of overlapped portion, the transmission power of PUSCH could be reduced, if SL is prioritized; whereas the SL transmission on overlapped portion could be dropped, if UL is prioritized. Otherwise, the adjusting operation of the down-prioritized link in the beginning portion may not be possible. Furthermore, PSSCH/PSCCH dropping in some symbols by Tx UE will degrade decoding performance as the information of dropped symbols is not available at Rx UE side.


Figure 2 Simultaneous transmission of UL and SL: case 2
· Case 3: the priority of SL known at the UE side after UL transmission
In this case as shown by an illustrative example in Figure 3, if the priority of SL is known at the UE side after UL transmission, but with a time gap (covering processing time) earlier than the start of overlapped portion, the transmission power of PUSCH on overlapped portion could be reduced, if SL is prioritized; whereas the transmission power of the whole SL transmission could be reduced if UL is prioritized. Otherwise, the adjusting operation of the down-prioritized link in the beginning portion may not be possible.


Figure 3 Simultaneous transmission of UL and SL: case 3
Proposal 1: In simultaneous UL and SL transmissions, the priorities of both UL and SL should be known prior to the start of overlapped portion subject to processing time restriction, otherwise, it’s up to UE’s implementation to manage power limitation.
HARQ 
1.1.1 PSFCH resource determination
Regarding to the implicit mechanism for PSFCH resource determination, it has already been agreed that one or multiple PSFCH candidate resources are determined from the starting sub-channel index and slot index used for the corresponding PSSCH: within the set of PRBs (pre-)configured for the actual PSFCH resources, the first Z PRBs are associated with the first sub-channel in the first slot associated with the PSFCH slot, the second Z PRBs are associated with the first sub-channel in the second slot associated with the PSFCH slot, and so on. Furthermore, for the PSFCH candidate resource set with Z PRBs and Y cyclic shift pairs in each PRB, each PSFCH resource is indexed in the manner of frequency first and cyclic shift second and PSFCH resource with the index ((K+M) mod (Z*Y)) is used for PSFCH transmission of RX UE. An illustrative example for the implicit mechanism can be found in Figure 4. 
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Figure 4 Implicit mechanism for PSFCH resource determination
Currently, the remaining issue is how to determine PSFCH resource when the associated PSSCH consisting of more than one subchannels, the possible solutions are listed as below in general:
1) Solution 1: the starting sub-channel and slot used for the associated PSSCH.
2) Solution 2: randomly selecting one sub-channel and slot used for the associated PSSCH
3) Solution 3: ((K+M) mod (L*Z*Y)), L indicates the total number of subchannels for the associated PSSCH
Considering that solution 1 may cause PSFCH resource collision among multiple PSSCHs with the same starting sub-channel, if Z*Y is smaller than the number of PSSCHs. Therefore, solution 2 and 3 should be considered to further reduce the PSFCH resource collision. As for solution 2, if the sub-channel is randomly selected by Rx UE for PSFCH determination, Tx UE may need to monitoring all potential PSFCH resources which increases Tx UE’s complexity. Consequently, solution 3 is preferred.
Proposal 2: For a PSSCH of multiple subchannels, PSFCH resource with the index ((K+M) mod (Z*Y*L)) is used, where L indicates the total number of subchannels for the associated PSSCH.
1.1.2 HARQ feedback for groupcast 
In previous RAN1 meetings, a working assumption has been achieved regarding to the use of Tx-Rx geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast and, whether or not to additionally use L1-RSRP is FFS. From our perspective, RSRP is not qualified to determine whether to send HARQ feedback, as the value of RSRP highly depends on channel condition. For UEs which are near to the transmit UE but suffer from blocking, the measured RSRP will be quite low, if HARQ feedback is not sent in this case, there is definitely performance loss.
Proposal 3: Not support using L1-RSRP to determine whether to send HARQ feedback for groupcast.
Furthermore, regarding to Tx-Rx distance, some group members satisfying constraint will send HARQ feedback, while the other group members will not. Then, we have to consider whether the number of group members satisfying Tx-Rx distance and their individual IDs should be known to the Tx UE or not. In option 1, only HARQ NACK is transmitted by the Rx UEs and one common HARQ feedback resource can be allocated for group members, in this case, if the Tx-Rx distance constraint applies, each individual group member can determine whether to send HARQ NACK on the common feedback resource based on both Tx-Rx distance and its own decoding result. At Tx UE side, it will retransmit data if NACK is detected on the common feedback resource. Thus, Tx UE does not need to know the number of group members satisfying Tx-Rx distance and their individual IDs in option 1. 
In option 2, Rx UE transmits HARQ ACK/NACK, and dedicated feedback resource has to be allocated to each group member, and thus, if the Tx-Rx distance constraint applies, Tx UE needs to know the number of group members satisfying TX-RX distance and their individual IDs, otherwise, the TX UE may be not able to distinguish between DTX and not satisfying TX-RX distance constraint of a certain group member, if no feedback is received from it. However, the actual Tx-Rx distance between the Tx UE and one Rx UE may change frequently, also some UEs may leave the group and some new UEs may join. These updated information has to be always available to the Tx UE, causing large signaling overhead, and thus, Tx-Rx distance constraint is not preferred in option 2.
Proposal 4: Support to apply Tx-Rx distance constraint to option 1 only.
For the Tx-Rx distance calculation, it has been agreed that zone is pre-configured and Zone ID associated with Tx UE’s location is indicated by SCI. The calculation details are left for further discussion. Considering the Tx UE’s accurate position is unknown at Rx UE side, and some certain point in the zone can be used as a substitution. From our perspective, there are two candidate schemes: 
· Scheme 1: The pre-fixed point in the zone is used for Tx UE’s location, i.e., central point, or corner point as shown in Figure 5. 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Scheme 2: The nearest corner point in the zone to the RX UE is used for Tx UE’s location as shown in Figure 5.   
In both schemes above, the accurate position of Rx UE is used for distance calculation.


Figure 5 Tx-Rx distance calculation: substitutions of Tx UE’s location
In Figures 6 and 7, we provide simulation results of scheme 1 and 2. In scheme 1, Tx UE’s location is fixed as central point of the zone indicated by Zone ID, while in scheme 2, Tx UE’s location is selected among 4 corner points of the zone where the nearest corner point of the zone to Rx UE is used. For both schemes, simulation results of two cases are provided, and the definition of two cases as well as detail of simulation parameters can be found in Appendix. Furthermore, two metrics are defined for performance comparison: miss feedback ratio and over feedback ratio. For Tx UE in groupcast communication, Sactual denotes the set of Rx UEs sending feedback based on communication range and Tx UE’s accurate location, and Sapprox denotes the set of Rx UEs sending feedback based on communication range and Tx UE’s location obtained from scheme 1 or 2. Therefore, miss feedback ratio is defined as (|Sactual -Sactual∩Sapprox |)/| Sactual |, and over feedback ratio is defined as  (|Sapprox -Sactual∩Sapprox |)/| Sactual |. 
In Figure 6, CDF curves of miss feedback ratio of two schemes in two cases are provided. It can be observed that scheme 2 provides much better performance than scheme 1, especially when the value of communication range approaches to the value of horizontal and vertical length of a zone. 
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Figure 6 Scheme comparison: miss feedback ratio
In Figure 7, CDF curves of over feedback ratio of two schemes in two cases are provided. It can be observed that scheme 2 causes a little bit more non-intended feedbacks than scheme 1. Considering much lower miss feedback ratio is achieved by scheme 2 as shown in Figure 6, the performance loss of scheme 2 in terms of over feedback ratio is acceptable. 
[image: ]
Figure 7 Scheme comparison: over feedback ratio
Proposal 5: Support to use the scheme below for Tx-Rx distance calculation:
For the zone indicated by Zone ID in SCI, the nearest corner point of the zone to the Rx UE is used for Tx UE’s location.
Power control 
It has been agreed that L3-filtered sidelink RSRP reporting (from RX UE to TX UE) for open-loop power control for PSCCH/PSSCH uses higher layer signalling. However, the fluctuation of transmit power during the filtering window may result in inaccurate measurement. To address this problem, the transmit power of the reference signal should remain same within the filtering window. Considering that the transmit power updates by obtaining a new sidelink RSRP or new DL pathloss, and thus, the filtering window at the Rx UE side should match the DL pathloss updating period at the Tx UE side, i.e., the DL pathloss updating period is integer multiple times of the filtering window length, and the boundary of the filtering window is aligned with the boundary of DL pathloss update period. 
An specific example is that the Tx UE obtains the DL pathloss and sidelink pathloss at the same time and determines the transmission power of the next filtering window. Within the filtering window, the transmission power of the Tx UE remains unchanged. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: The transmit power of RS should not change during the filtering window at Rx UE side.
Conclusions
The following conclusions are proposed:
Proposal 1: In simultaneous UL and SL transmissions, the priorities of both UL and SL should be known prior to the start of overlapped portion subject to processing time restriction, otherwise, it’s up to UE’s implementation to manage power limitation.
Proposal 2: For a PSSCH of multiple subchannels, PSFCH resource with the index ((K+M) mod (Z*Y*L)) is used, where L indicates the total number of subchannels for the associated PSSCH.
Proposal 3: Not support using L1-RSRP to determine whether to send HARQ feedback for groupcast.
Proposal 4: Support to apply TX-RX distance constraint to option 1 only.
Proposal 5: Support to use the scheme below for Tx-Rx distance calculation:
For the zone indicated by Zone ID in SCI, the nearest corner point of the zone to the Rx UE is used for Tx UE’s location.
Proposal 6: The transmit power of RS should not change during the filtering window at Rx UE side.
Appendix
Simulation parameters in Figure 6-7.
· Highway deployment: two directions with three lanes in each direction
· Zone configuration: x_len indicates the length of one zone in horizontal direction, y_len indicates the length of one zone in vertical direction. Nx indicates the number of zones with different Zone IDs in horizontal direction, Ny indicates the number of zones with different Zone IDs in vertical direction. In this simulation, x_len=200m, y_len=200m, Nx=4, Ny=4, and wrap around structure is applied.


· Case 1: Communication range= 200m, and assume that for Rx UE within the distance of 220 m to Tx UE, PSSCH/PSCCH could be received.
Case 2: communication range =350m, and assume that for Rx UE within the distance of 370 m to Tx UE, PSSCH/PSCCH could be received.
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