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1. Introduction
In RAN1#98 meeting [1] and email discussions [2][3], followings are agreed for physical layer procedure for Rel-16 NR sidelink:
	Agreements:
· For PSSCH-to-HARQ feedback timing, to down-select:
· Option 1: K is the number of logical slots (i.e., the slots within the resource pool)
· Option 2: K is the number of physical slots (i.e., the slots within and outside the resource pool)
· FFS how to determine K.
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
· FFS whether/how to handle when the location information is not available at TX and/or RX UE.

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

Agreements:
· In Rel-16, at least for sequence-based PSFCH format with one symbol (not including AGC training period), it is not supported to do FDM between PSSCH/PSCCH and PSFCH.
Agreements:
· Discuss further the following:
· For a PSFCH format, in the symbols that can be used for PSFCH transmissions in a resource pool, a set of frequency resources is (pre-)configured for the actual use of PSFCH transmissions (i.e., PSFCH transmissions do not happen in other frequency resources). 
· FFS: Frequency resource sets for PSFCH are separated depending on HARQ feedback option.
Agreements:
· At least, it is supported to use a single K value for all UEs in a RX resource pool
· K=2 is supported
· FFS: whether to support other K values to be used as a single K value in a resource pool
· FFS: whether to support the use of multiple K values in a resource pool
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: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots 
· FFS whether/when to support CDM between PSFCH resources used for HARQ feedback of PSSCH transmissions (e.g., when PSFCH resource is insufficient)
· For groupcast HARQ feedback Option 2, support CDM and FDM between PSFCH resources used by different RX UEs for HARQ feedback of the same PSSCH transmission
· FFS how to multiplex HARQ feedback for unicast, groupcast option 1, and groupcast option 2.
Working assumption:
· For SL-RSRP measurement/reporting for open-loop power control for PSCCH/PSSCH: 
· UE receiving RS for SL-RSRP measurement reports a filtered SL-RSRP (to be selected between L1-filtered SL-RSRP and L3-filtered SL-RSRP)
· The transmit power of the RS is not indicated to UE receiving RS for this purpose. 
· FFS whether to introduce additional behavior, e.g., restriction on transmit power change. 
· FFS SL-RSRP reporting signaling details (e.g., which layer signaling is used). 
· All the power above is normalized with a certain bandwidth (e.g., a PRB or a sub-channel). 
· Other alternatives can be considered in RAN1#98bis if the SL-RSRP measurement error becomes too high with this working assumption.


In this contribution, we discuss aspects on physical layer procedure including SL HARQ procedure, CQI/RI measurement/reporting, and power control. .

2. Discussion
2.1. Power control
According to the agreement during the NR V2X SI, SL open-loop power control is supported, and the pathloss compensation between TX UE and gNB can be considered to mitigate interference to UL reception at gNB for broadcast, groupcast, and unicast. In addition, at least for unicast, pathloss compensation between TX UE and RX UE can be further considered to use TX power efficiently. 
Regarding the scaling factor for the pathloss term (denoted by , ), the value will be chosen based on the target coverage. Considering that the distance between gNB and UE will be much larger than the distance between UEs for sidelink, the suitable value of alpha will be different depending on the purpose of power control. To be specific, the alpha value for interference mitigation would be larger than the alpha value for SL power optimization. 
Regarding the nominal power (denoted by , ),  when the value of alpha is 1 (full compensation), the value will be determined based on the target SINR. On the other hand, when the value of alpha is less than 1, the nominal power will be determined based on both target coverage and target SINR of cell edge UE. In this case, in a similar manner of alpha, it can be considered that the nominal power can be separately (pre)configured for DL pathloss and SL pathloss.
Proposal 1: Confirm the following working assumption:
· When the SL open-loop power control is configured to use both DL pathloss and SL pathloss, 
· (Working assumption) P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.
Regarding SL-RSRP measurement reporting, it is agreed that the transmit power of the RS is not indicated to UE receiving the RS. In this case, the remaining issue is whether UE receiving RS for SL-RSRP measurement reports a L1-filtered SL-RSRP or L3-filtered SL-RSRP for pathloss estimation. However, according to agreement made in NR sidelink SI, it is already agreed that UE receiving RS for SL-RSRP measurement reports a L3-filtered SL-RSRP in RAN1 AH-1901 meeting as follows:
	Agreements:
· Long-term measurement of sidelink signal is supported at least for unicast.
· Long-term measurement here means a measurement with L3 filtering.
· This measurement is used at least for the open-loop power control.
· FFS for other purpose
· FFS: measurement metric
· FFS: which signal is used
· FFS: whether feedback of this measurement is needed
· FFS whether this is applicable to groupcast


Proposal 2: RAN1 understands that UE receiving RS for SL-RSRP measurement reports a L3-filtered SL-RSRP.
Meanwhile, it is necessary to specify how TX UE calculates “Reference Signal Power” for SL PL derivation (= Reference Signal Power – L3 filtered SL RSRP received from RX UE). In our view, the same filter coefficient and normalization rule used for SL-RSRP measurement can be applied to transmit power of the RS for SL-RSRP measurement. 
Proposal 3: For SL pathloss estimation, TX UE derives Reference Signal Power for pathloss estimation by using the same filter and normalization rule used for a L3-filtered SL-RSRP measurement.
On the RS for SL-RSRP measurement, when the PSSCH DMRS is used, since the DMRS could be precoded, the SL-RSRP measurement result could be overestimated. In this case, when the precoding for PSSCH is dynamically changed, the SL-RSRP measurement based on the PSSCH DMRS would be inaccurate. Meanwhile, Rel-16 NR sidelink would not support PMI, therefore, the precoder for PSSCH DMRS could be kept constant for a certain duration of time. On the other hand, since sidelink CSI-RS would not be always transmitted in every PSSCH transmissions, the number of measurement resources would not be sufficient for the accurate SL-RSRP measurement. 
Observation 1: Since PSSCH DMRS will be pre-coded, SL-RSRP measurement based on DMRS could be overestimated. 
Observation 2: Since sidelink CSI-RS is not always transmitted, SL-RSRP measurement based on sidelink CSI-RS could be inaccurate due to the lack of measurement resources.
Proposal 4: In Rel-16 NR sidelink, PSSCH DMRS is used for SL-RSRP measurement. 
Regarding power control for PSFCH, open-loop power control based on SL pathloss or SL-RSRP could be beneficial for groupcast HARQ feedback Option 2. To be specific, multiple RX UE will receive the PSSCH from the same TX UE. In this case, when the transmit power levels of multiple PSFCH transmission targeting the same UE are comparable, near-far problem could be efficiently alleviated even though multiple PSFCH transmissions are CDMed. However, in this case, SL-RSRP reporting needs to be supported for groupcast on top of the unicast. On the other hand, in case of unicast, TX UE-RX UE pair would be different in general across different PSFCH transmission in slot. Therefore, the received power of different PSFCH transmissions could be high regardless of whether power control based on SL pathloss or SL-RSRP is used or not for PSFCH transmission. 
Observation 3: The benefit of power control based on SL pathloss or SL-RSRP for PSFCH transmission is unclear for unicast while the power control for PSFCH transmission would be beneficial for groupcast at the expense of signaling overhead for SL-RSRP reporting. 
Within a SL BWP, multiple resource pools can be (pre)configured, and each resource pool can be shared by multiple UEs. If UEs sharing the same resource pool are in different distance from gNB, OLPC based on DL PL can have different TX power. Especially, considering that cell-center UE and cell-edge UE, the TX power difference could be huge. In this case, if the SL channels/signals transmitted by these UEs are in the same resource pool simultaneously, RX UE can suffer from the in-band emission problem, which cause SL performance degradation. To bypass this problem, it can be considered that TX resource pools are separate to ensure acceptable SL TX power difference. To be specific, UE can be (pre)configured with TX resource pool based on DL RSRP. 
Observation 4: When OLPC based on DL PL between TX UE and gNB is enabled, SL TX power values among TX UEs with different distance from gNB can be different. This may lead to SL performance degradation due to in-band emission problem.
Proposal 5: When OLPC based on DL PL between TX UE and gNB is enabled, it needs to support TX resource pool separation based on DL RSRP to handle SL TX power difference depending on the position of in-coverage TX UE.
Regarding PSFCH transmission, it is necessary to decide which type of pathloss can be used for SL TX power control. When DL pathloss is used for SL TX power control for PSFCH, since TX UE and RX UE can have different distance form gNB or can be associated with different gNB, the value of DL pathloss may different. In this case, even though TX pool for PSCCH/PSSCH are well (pre)configured to minimize in-band emission problem, the corresponding PSFCH transmissions can still suffer from the in-band emission problem. To mitigate this problem, it would be needed to further consider SL TX power difference of PSFCH to select TX/RX resource pool for PSCCH/PSSCH. 
Meanwhile, if open-loop power control based on SL pathloss between TX UE and RX UE is enabled, SL TX power values among TX UEs with different distance from the corresponding RX UE could be different as well. It can also cause SL performance degradation due to in-band emission problem. To bypass this problem, it can be considered to select TX resource pool to ensure the distances between TX UE and RX UE are comparable each other or the differences of SL TX power values based on SL pathloss are comparable. In this case, it would be beneficial that PSFCH TX power control is based on SL pahtloss as well to minimize impact of in-band emission. 

In RAN1#97, it is agreed that total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot. Meanwhile, it is possible that UE transmit both sidelink channel(s) and UL channel(s) in different carriers. Furthermore, the transmission duration of UL channel(s) may or may not be aligned with that of SL channel. In other words, UL channels and SL channel can be partially overlapped in time domain. Meanwhile, this situation also occurs in CA scenario since UL channels in different carrier already can have different symbol duration and/or numerology. In this case, UE allocates power to PUSCH/PUCCH/PRACH/SRS transmission according to the predefined priority order, and it is up to UE implementation whether scaling or dropping of the whole or part of a transmission so that the total UE transmit power is smaller than or equal to . On the other hand, according to TS38.101, the lower bound and upper bounds for  are assuming look-ahead operation. To be specific, for a given slot in a serving cell, it is assumed that UE knows whether and how a symbol pattern in the slot of the serving cell and another symbol pattern in another serving cell overlap in time. In those of point of view, it seems that it is still feasible to keep the total sidelink transmit power in the symbols used for PSCCH/PSSCH transmissions in a slot even for the simultaneous transmission of sidelink and uplink. Furthermore, in LTE V2X, look-ahead operation is assumed for power control for simultaneous transmission of sidelink and uplink. 
Meanwhile, it is necessary to define priority rule between UL carrier and SL carrier. In NR, logical channel priority can be configured for UL channel(s) or SL channels. In this case, it would be natural to reuse it for priority rule for power control. For remaining UL or SL channels, it can be considered to follow LTE principle. To be specific, whether or not to allocate power for SL channel(s) is decided depending on priority indicated by SCI and higher layer parameter thresSL-TxPrioritizeation. When SL transmission is overlapped with LTE-UL transmission, it can be considered that power is allocated to LTE-UL transmission first to minimize impact on the LTE system. Regarding prioritization between UL transmission and SL transmission to select one of them is up to RAN2 work while the power allocation for UL carrier and SL carrier is up to RAN1 work. 
Proposal 6: Total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot even in case of simultaneous transmission of sidelink and uplink.
Proposal 7: Power control for simultaneous transmission of sidelink and uplink across different carriers, 
· When the logical channel priorities of both SL and UL are available, the power is allocated in descending order of priority. 
· Otherwise, LTE V2X rule is applied.

2.2. Sidelink HARQ procedure
2.2.1. HARQ-ACK feedback resource  
Considering physical structure of a sequence-based PSFCH format, it can be considered that PSFCH resource can be identified by a combination of cyclic shift value and (starting) RB index. In this case, it can be considered that PSFCH resource index is one-to-one mapped with a pair of cyclic shift value and RB index for simplicity of implicit mechanism of PSSCH-to-PSFCH resource as in PUCCH resource in LTE. In this case, for a given PSFCH resource set in frequency domain, as PSFCH resource index increases, code-domain index increases first, then RB index increases. For example, if the number of RB (group) for PSFCH resource set is M, and the number of cyclic shift is L, then PSFCH resource index will be given by l+L*m where  is the cyclic shift index and  is the starting RB index for the PSFCH resource. For efficient PSFCH resource management, it would be beneficial that the value of L, the number of cyclic shift per a PSFCH resource is constant in a resource pool. 
Observation 5: PSFCH resource can be identified by a combination of code-domain parameter (e.g. cyclic shift value and/or OCC index) and frequency domain parameter (e.g. starting RB index).
According to the agreement, within a resource pool, PSFCH resource can occur a subset of slots with a certain periodicity N. Meanwhile, the time gap between PSSCH and the associated PSFCH resource for HARQ feedback can be derived by K. If K is defined by the number of physical slots, even if N is 1, the number of PSSCH slot associated with the same PSFCH slot can be larger than N depending on the SL resource pool configuration in time domain as shown in Figure 1-(a). In this case, if N is large (e.g. 4) and depending on the SL resource pool in time domain, the required number of HARQ feedback bits can be larger than 4 and it can cause PSFCH resource shortage problem. If PSFCH format based on PUCCH format 2 is not supported due to the AGC settling time, it would be necessary to carefully investigate how to support more than 4 bits. In addition, PSFCH transmission will not occur in some PSFCH slots. For simplicity, it can be considered that the number of PSSCH slots associated with the same PSFCH slot is upper bounded with a certain value.
Alternatively, it can be considered that K is defined by the number of logical slots. In this case, the number of PSSCH slot associated with the same PSFCH slot will be equal to N as shown in Figure 1-(b). In this case, it is ensured that the required number of HARQ feedback bits will be equal to N, and PSFCH transmission can occur in all the PSFCH slots. However, in this case, PSSCH-to-HARQ feedback timing can be large. In our view, considering latency requirement and PSSCH-to-HARQ feedback timing, UE can disable HARQ feedback and perform blind retransmission. 


Figure 1. Example of PSSCH to HARQ feedback timing
Proposal 8: For PSSCH-to-HARQ feedback timing, K is the number of logical slots (i.e. the slots within the RX resource pool) 
Regarding the value of K, in our companion contribution [4], we provide some analysis on the UE processing time to check the feasibility of K values. In this case, we observed that the use of 2nd-stage can cause additional latency since the 1st CB decoding needs to be further delayed compared to UE PDSCH processing procedure. Figure 2 shows the UE processing time for PSSCH-to-HARQ feedback timing for the SCS of 120 kHz. In this case, despite of the additional delay due to the use of the 2nd-stage, K=2 is feasible when the 2nd-stage transmission ends before the completion time of the 1st-stage decoding. 


Figure 2: Example of UE processing time for short-duration PSFCH.
Observation 6: When the 2nd stage transmission ends before the completion of the 1st stage decoding, and when short-duration PSFCH is used, K=2 is sufficient for all SCS.
On the other hand, when long-duration of PSFCH is used, K=2 may not be feasible since the PSFCH transmission can start at the beginning of a slot. Figure 3 shows the UE processing time for PSSCH-to-SL HARQ feedback considering long-duration of PSFCH with SCS of 60 kHz. In this case, depending on the PSFCH symbol duration, K of more than 2 would need to be further introduced. 


Figure 3: Example of UE processing time for long-duration PSFCH.
According to the UE PDSCH processing time, since the last DMRS position is at symbol index #11, the additional delay for the 1st CB decoding could be 1 symbol duration when the more than one DMRS positions are used. However, in case of single DMRS position, it is assumed that the 1st CB decoding can start right after the completion time of PDCCH decoding. Since it is assumed that the PDCCH is transmitted at the beginning of a slot with 2 symbol duration, the 1st CB decoding can start at symbol index #8. Considering PSCCH position avoiding AGC symbol and the use of 2nd-stage, the additional delay of the 1st CB decoding could be 5 symbol duration when the smaller number of PSSCH DMRS is used. Figure 4 shows the UE processing time for PSSCH-to-HARQ feedback timing for the SCS of 15 kHz. In this case, we observed that K=1 is not feasible even though only the front-loaded DMRS is used for PSSCH transmission. 


Figure 4: Example of UE processing time.
Observation 7: Considering additional latency due to 2nd stage decoding, K=1 would not be feasible for all SCS.
On the issue whether K is the same for all the UEs in the resource pool, it needs to consider the impact on the sensing operation. The motivation of implicit mechanism of PSFCH resource determination including timing is that RX UE does not need to perform additional sensing operation of PSFCH transmission even if the RX UE fails SCI decoding. Considering that each pair of sub-channel and slot in a resource pool can be used by any TX UEs with different K, even though different PSSCH transmissions are not collided, PSFCH resource collision avoidance will not be always guaranteed. If implicit mechanism for PSFCH resource determination is designed considering multiple values of K, it seems equivalent to the case where the HARQ bundling window size increases further. For instance, when the values of Ks are K1, K2, and K3, the final HARQ bundling window will be the union of HARQ bundling window associated with K1, K2, and K3. However, in this case, a number of PSFCH resources need to be reserved, which can cause PSFCH resource shortage, and HARQ-ACK payload size can be unnecessarily large. In those point of view, it is unclear that the benefit of having multiple values of K in a resource pool. In this case, we prefer that K is the same for all the UEs in the resource pool.
Observation 8: The benefit of using multiple K values in a resource pool is unclear. 
Proposal 9: In Rel-16 NR sidelink, the use of multiple K values in a resource pool is not supported.
On the PSFCH resource period N, it needs to be clarified that the PSFCH resources are available in every N logical slots within the RX resource pool. 
Proposal 10: RAN1 understands PSFCH resources are available in every N logical slots within the RX resource pool for PSFCH resource period N.
Regarding multiplexing PSFCH resources, both CDM and FDM can be considered. Meanwhile, for a given PSFCH slot, different UE can transmit PSFCHs with different TX power. In this case, when UE receives these PSFCH transmissions, the received power also can be different. Meanwhile, when these multiple PSFCH transmissions are CDMed, near-far problem can occur. In other words, when the difference of the received powers of different PSFCH transmissions is large, UE may not distinguish PSFCH transmission with small RX power. On the other hand, when multiple PSFCH transmissions with different TX power are FDMed, but they are adjacent in frequency domain, it can cause inter-band emission problem. In those points of views, it would be better to have RB gap between different PSFCH transmissions as much as possible. In other words, when allocating PSFCH resources, FDM with multiple RB gap is prioritized first. 
Observation 9: When multiple PSFCH resources used by different UEs with different TX power for HARQ feedback are CDMed, near-far problem can occur. 
Observation 10: When multiple PSFCH resources used by different UEs with different TX power for HARQ feedback are adjacent in frequency domain, inter-band emission problem can occur.
According to the agreement, FDM is supported to multiplex different PSFCH transmissions used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the same slot and to multiplex different PSFCH transmissions used for HARQ feedback of PSSCH transmissions with different starting sub-channel in the different slot. In our view, different PSFCH transmissions used for HARQ feedback of PSSCH transmissions with the same starting sub-channel in the different slot needs to be FDMed first when the number of PSFCH resources are large enough to avoid near-far problem. Moreover, depending on the target delay spread, the number of initial cyclic shift indexes used for CDM between different PSFCH resources, denoted by , could be smaller than the number of slots within a HARQ bundling window. For instance, if the number of cyclic shifts is 6, and if a sequence-based PSFCH format can convey 1-bit of HARQ-ACK feedback, the number of  is 3. In this case, when PSFCH resource period N is 4, then CDM between different PSFCH transmissions used for HARQ feedback of PSSCH transmissions with the same starting sub-channel in the different slot cannot be supported. 
Proposal 11: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots.
Meanwhile, depending on physical layer structure for PSFCH, more than one PRB can be used for each PSFCH transmissions. In this case, even though the number of PRB in a resource pool is large, the number of PSFCH resources in a slot can be limited. Furthermore, if the number of PSSCH slots associated with the same PSFCH slot is large, and if the number of sub-channel is large, PSFCH resource shortage can occur. 
Regarding PSFCH resource shortage problem, for simplicity, it can be considered that (pre)configuration ensures that the PSFCH shortage does not occur. Another approach is that blind retransmission is used when the PSSCH does not have a linked PSFCH resource due to the PSFCH shortage. In this case, it is necessary which PSSCH transmission will not have PSFCH resource. 
Next, in a resource pool, multiple PSCCH and PSSCH can be partially or fully overlapped in time-and-frequency resources. If these PSCCH and PSSCH are spatially multiplexed, it would be possible that RX UE distinguish them. If the received power of different PSCCH/PSSCH transmissions is sufficiently high, it is possible that RX UE successfully decode PSCCH/PSSCH with higher received power. In this case, it would be beneficial for capacity increment to separate PSFCH resources between different PSSCH transmissions partially or fully overlapping. For instance, DMRS sequence parameter for PSCCH can be used to separate PSFCH resources associated with PSSCH transmissions with the same time-and-frequency resource allocation. 
Observation 11: It would be beneficial for capacity increment to separate PSFCH resources between different PSSCH transmissions whose resources are partially or fully overlapped.
Proposal 12: For implicit mechanism for PSFCH resource determination, support separate PSFCH resources for different PSSCH transmissions which are partially or fully overlapped in time-and-frequency resource.
· FFS: how to separate PSFCH resources (e.g. DMRS sequence parameter for PSCCH or PSSCH, L1-source ID, CRC of the corresponding PSCCH)
For implicit mechanism for PSSCH-to-PSFCH resource mapping, it needs to consider the case where different pairs of a sub-channel and a slot are used for different PSSCH transmissions. It means that each pair of a sub-channel and a slot is linked to at least one PSFCH resource. Next, it is possible that different PSSCH transmissions in different slots can be fully or partially overlapped in frequency domain, and these PSSCH transmissions needs to have different PSFCH resources. In this case, it can be considered that PSFCH resources for different PSSCH transmissions in different slots need to be present in every sub-channels in a resource pool. For instance, in Figure 5, PSSCH#1 is partially overlapped with other PSSCH transmissions in frequency domain, but non-overlapped with other PSSCH transmissions in time domain. PSSCH#0, PSSCH#1, and PSSCH#3 have the same starting sub-channel, and then PSFCH resources for PSSCH#0, PSSCH#1, and PSSCH#3 can be FDMed in the same sub-channel based on the slot index of PSSCH. On the other hand, the starting sub-channel of PSSCH#1 is different from those of PSSCH#2 and PSSCH#4, but the allocated sub-channels are partially overlapped. In this case, PSFCH resource for PSSCH#1 and PSFCH resources for PSSCH#2 and PSSCH#4 will be mapped on different sub-channel. Meanwhile, PSFCH resource associated with the 2nd sub-channel of PSSCH#1 will not be used or used for other purposes (e.g. HARQ feedback for groupcast Option 2). 


Figure 5. Example of PSSCH to PSFCH resource mapping
In addition to the above example, it can be considered that different PSSCH transmissions are partially or fully overlapped in time-and-frequency resources as shown in Figure 6. First of all, since PSSCH resource collision can happen in any pair of a sub-channel and a slot, it is necessary that each pair of a sub-channel and a slot can be linked to multiple PSFCH resources. In Figure 6, PSSCH#0 and PSSCH#5 will be overlapped in the starting sub-channel, and it is assumed that DMRS sequences of PSCCH#0 and PSCCH#5 is different and quasi-orthogonal. In this case, for a given starting sub-channel of PSSCH and PSSCH slot, it can be considered that additional PSFCH resource offset can be applied depending on the PSCCH DMRS sequence or other parameter to be used to distinguish different PSSCH transmissions. In this case, PSFCH resources for PSSCH#0 and PSSCH#5 can be FDMed in the same sub-channel. Next, starting sub-channel of PSSCH#2 is overlapped in the second sub-channel of PSSCH#6. When PSFCH resource is determined based on the starting sub-channel of PSSCH, PSFCH collisions can be simply avoided. Overlapping between PSSCH#1 and PSSCH#7 can be treated by additional PSFCH resource offset of which value is determined based on PSCCH DMRS sequence or other parameter to distinguish different PSSCH transmissions. 



Figure 6. Example of PSSCH to PSFCH resource mapping
Another example is that PSFCH resource separation for HARQ feedback for groupcast Option 2. In Figure 7, it is assumed that PSSCH#1 is groupcast and the number of RX UE in a group is 6. As mentioned earlier, any pair of a sub-channel or a slot can be used for groupcast. In addition, if PSFCH resource can be separated for the same time-and-frequency resources depending on the PSCCH DMRS sequence parameter, groupcast also can use any DMRS sequence parameter for PSCCH. In those point of view, PSFCH resources for HARQ feedback for groupcast Option 2 can be the lowest level of the hierarchical structure. In this example, allocating PSFCH resources for Option 2 consider CDM from the given sub-channel, slot, and PSCCH DMRS parameter. When the number of PSFCH resources are not sufficient, it can be considered that PSFCH resources is allocated in sub-channel other than the starting sub-channel of the corresponding PSSCH. To avoid PSFCH resource collisions, the number of sub-channel for PSSCH can increases. In this example, PSSCH#1 with two sub-channels is used for groupcast, and PSFCH resources in the two sub-channels are used for multiple RX UE in a group. 


Figure 7. Example of PSSCH to PSFCH resource mapping
In those of points of views, implicit mechanism for PSSCH-to-PSFCH resource mapping can be expressed by following equation: 

where  is the lowest sub-channel index of PSSCH,  is a slot number within a set of PSSCH slots associated with the same PSFCH slot,  is a parameter used to distinguish different PSSCH transmissions with the same starting sub-channel,  is identifier to distinguish each RX UE in a group, and  is the resource gap between different PSFCH resources and is predefined or (pre-)configured.  is the PSFCH resource offset and is (pre)configured. 
For instance,  is set to be the total number of PSFCH resources in a sub-channel, denoted by P. In this case, when the starting sub-channel is different between PSSCH transmissions, the corresponding PSFCH resources will be mapped on different sub-channels. Next,  is set to be  where  is the number of PSSCH slots associated with the same PSFCH slot (i.e. a bundling window size). In this case, PSFCH resources associated with different slots will present in every sub-channel, and the different PSFCH resources will be evenly distributed. Next,  is set to be less than . At last,  can be 1 for CDM between PSFCH resources. When the number of PSFCH resources are not sufficient, some parameters can be skipped to decide PSFCH resource. For instance, it is possible that different PSSCH transmissions with the same starting sub-channel and slot can share the same PSFCH resource based on the (pre)configuration. In this case, the formula for PSFCH resource determination could be revised as follow:

Regarding HARQ feedback for groupcast Option 1, when the number of RX UEs is large, the received RX power of the PSFCH transmission for Option 1 can be significantly larger than other PSFCH transmission for unicast or Option 2. It may cause IBE between different PSFCH transmissions. In this case, it can be considered that PSFCH resource set is separated for groupcast Option 1 and others (e.g. unicast, groupcast Option 2). 
Observation 12: It would be beneficial to separate PSFCH resource set between Unicast HARQ feedback and groupcast HARQ feedback Option 1 to avoid potential IBE problem.
Proposal 13: For a given pair of slot(s) and sub-channel(s) for PSSCH transmission, support separate PSFCH resources between different cast types (e.g. unicast, groupcast) and/or HARQ feedback options (e.g. Option 1, Option 2).
Regarding PSFCH TX and/or RX collision issue, it is agreed that the L1 priority indicated by the associated SCI is used. Meanwhile, it is possible that priority of PSFCH transmission and priority of PSFCH reception are the same for Case 1, or multiple PSFCH transmissions have the same priority for Case 2. For tie-break, additional priority rule can be considered. For instance, HARQ state, and HARQ feedback payload size, certain UE behavior (PSFCH reception or PSFCH transmission) could be further considered. However, depending on the traffic characteristics or channel environment, suitable priority rule to select PSFCH transmission(s) or PSFCH receptions could be different. In this point of view, UE can decide how to handle the tie-break for the UE behavior on the PSFCH TX or RX. 
Proposal 14: For Case 1 and Case 2, no additional priority rule is supported.
In Case 2, when the value of N is more than 1, specification work load on power control for PSFCH transmissions would be high. To be specific, for , power allocation mechanism of N PSFCH is needed. For instance, the required power for N PSFCH could be independently calculated, and then the total power is allocated to PSFCH with higher priority. In this case, whether or not to support power imbalance needs to be further checked by RAN4. For simplicity, it would be better to focus on the case of N=1 first until receiving LS on this issue from RAN4. 
Proposal 15: RAN1 prioritize to design details of SL HARQ feedback with N=1.
Regarding Case 3, rather than dropping some portion of HARQ feedback, it would be better to aggregate multiple HARQ feedback and to transmit them with a single PSFCH. Since the number of actual transmission of PSCCH/PSSCH within a HARQ bundling window will be varying in time-to-time, it is necessary to ensure that TX UE and RX UE have the same understanding on the SL HARQ feedback in terms of PSFCH resource and cyclic shift used for the actual transmission. In addition, it needs to consider the case where the RX UE fails to detect SCI. In our view, PUCCH format 1b with channel selection in LTE-TDD can be a baseline to multiplex multiple SL HARQ feedback bits on a single PSFCH transmission. In this case, PSFCH resource and cyclic shift used for the actual transmission would be selected based on the SL HARQ feedbacks of PSSCH transmissions within a HARQ bundling window. According to the mapping tables in appendix, when TX UE does not transmit PSCCH/PSSCH in a certain slot, then the corresponding HARQ feedback will be treated by NACK/DTX state. In our companion contribution [4], how to reuse PUCCH format 1b with channel selection in LTE-TDD for multiple SL HARQ feedback bits on a PSFCH is explained in details. 
Proposal 16: For Case 3, PUCCH format 1b with channel selection in LTE is reused to support multiple HARQ feedback bits are multiplexed on a PSFCH. 
· PSFCH resource and cyclic shift value which are used for actual PSFCH transmission are determined based on HARQ-ACK states of PSCCH/PSSCH transmissions within a bundling window. 
· Mapping table between HARQ-ACK bits and a pair of PSFCH resource and cyclic shift value is chosen based on the number of PSSCH slots associated with the same PSFCH slot (i.e. bundling window size)
Meanwhile, TX UE can transmit PSSCH transmissions with different cast type and/or HARQ feedback Option to the RX UE across different slots within a bundling window. Basically, when the RX UE fails to decode SCI, HARQ-ACK state of PSSCH transmitted in the slot will be treated as NACK/DTX or DTX since cast type and HARQ feedback option would not be known to the RX UE. To ensure ACK transmission, if at least one PSSCH associated with unicast or groupcast HARQ feedback Option 2 is detected within a bundling window, it can be considered that simply all the PSSCH transmissions within a bundling window are treated as unicast. On the other hand, if RX UE detect all the SCI within a bundling window, and if all the associated PSSCH transmissions are broadcast, then SL HARQ feedback on PSFCH may be skipped. In a similar manner, if RX UE successfully decode all the PSSCH transmissions associated with groupcast Option 1 within a bundling window, then SL HARQ feedback on PSFCH could be skipped. 
Regarding CBG-based scheduling/HARQ feedback, it is necessary to investigate aspects on resource reservation for retransmission and HARQ codebook design and PSFCH structure. First of all, it is unclear how to perform retransmission reservation for CBG-based scheduling. To be specific, before UE receives CBG-based HARQ feedback, UE may not know how many CBG or which CBG needs to be retransmitted. Furthermore, the amount of resources for retransmission could be different depending on how many CBG will be retransmitted. In this case, when CBG-based scheduling is configured, it is necessary to define how the resource reservation can work. Next, in case of CBG-based HARQ feedback, the HARQ codebook size will be significantly increased compared to TB-based HARQ feedback. For instance, if the number of PSSCH slots associated with the same PSFCH is 4, and if the number of CBG for a TB is 4, then, the HARQ codebook size can be 16 bits. In this case, PSFCH format based PUCCH format 2 would be needed. However, in our companion contribution [4], PSFCH format based PUCCH format 2 would not be feasible due to the AGC settling time. 
Observation 13: To support CBG-based HARQ feedback for NR side link, it is necessary to investigate following aspects:
· How to perform retransmission reservation
· How to transmit large payload size of HARQ codebook on a sequence-based PSFCH format
Considering forward compatibility, it would be necessary to reserve resources in a slot where PSFCH resource is available. To be specific, it is possible to introduce new PSFCH format to support large payload size of HARQ feedback or other SFCI. Meanwhile, this new format will not support CDM with the PSFCH format in Rel-16. In this case, some portion of RBs in the PSFCH slot can be reserved. Another example is that other special RS such as sidelink PRS or wideband CSI-RS can be introduced. 
If the concept of reserved resources is not introduced, and if new channel or signal mapped on the part of PSFCH resources are introduced, it is necessary to ensure that the PSFCH resource used for the new channel transmission is not used by Rel-16 UE. Considering Mode 2 operation, it is possible that PSFCH transmission of Rel-16 is collided with new channel transmission of the future release. Even if the new channel is the form of PSFCH format, CDM would not be supported for the PSFCH format in Rel-16 and PSFCH format in the future release in general. In this case, the detection performance of PSFCH and the new channel would be degraded. To avoid the collision, it would be needed to prevent Rel-16 UE cannot use some part of PSFCH resources to be used for another purpose in the future release. In this case, since PSSCH resource in a resource pool would not be fully utilized, the throughput performance would be degraded. 
On the other hand, it can be considered that PSFCH transmissions in Rel-16 and new channel transmissions in the future release are TDMed. Considering backward compatibility of sensing operation and PSCCH/PSSCH mapping in the future release, UE will assume that 13 symbols is used for PSSCH in a slot where no PSFCH resource is available while UE will assume that 13-X symbols is used for PSSCH in a slot where PSFCH resource is available where X is the symbol duration of PSFCH transmission and TX-RX switching period between PSSCH and PSFCH. In this case, it cannot be supported TDM between resource sets for different PSFCH formats without any resource reservation in time and/or frequency domain. 
In those points of views, it would be better to support parts of RBs in PSFCH symbol(s) are reserved for forward compatibility. Depending on the (pre)configuration, it is possible that the all the PRBs in a resource pool is used for PSFCH resources. Meanwhile, even though reserved resources are (pre)configured in PSFCH symbol(s), PSSCH resource in a resource pool could be fully utilized.
Proposal 17: Support parts of RBs in PSFCH symbol(s) are reserved for future use. 

2.2.2. HARQ feedback for groupcast
In Option 2 for groupcast HARQ feedback, each RX UE may use separate PSFCH resource for ACK/NACK transmission, and the PSFCH resources could be FDMed and/or CDMed each other. As mentioned earlier, when SL TX power of PSFCH is based on the DL pathloss, the SL TX power of groupcast RX UE associated with the same groupcast TX UE could be different, and it may lead to near-far problem for the PSFCH resources which are CDMed. To be specific, groupcast TX UE may miss some portion of PSFCH with smaller reception power due to the PSFCH with quite large reception power. In this case, it would be beneficial that groupcast RX UE select PSFCH resource based on SL-RSRP/SINR to avoid near-far problem. In other words, PSFCHs with large reception power difference at groupcast TX UE side will not be CDMed. Alternatively, it can be considered to use SL TX power of PSFCH based on SL pathloss to ensure the reception power values are compatible for a given pairs of groupcast TX UE and groupcast RX UEs. 
In Option 1 groupcast HARQ feedback, for a given groupcast TX UE, all the groupcast RX UE share the same PSFCH resource for NACK transmission. Since the groupcast TX UE can retransmit PSCCH/PSSCH when it receive NACK from any groupcast RX UE, near-far problem is not critical issue. Meanwhile, when the groupcast RX UEs use separate PFSCH resource based on SL-RSRP/SINR, it would be possible that the groupcast TX UE schedules retransmission efficiently. For instance, assume that PSFCH resource#1 is used for the 1st range of SL-RSRP/SINR, and PSFCH resource#2 is used for the 2nd range of SL-RSRP/SINR. If the groupcast TX UE receives NACK from PSFCH resource#2, then retransmission of the groupcast can be optimized for the 2nd range of SL-RSRP/SINR in terms of RB allocation, MCS, and so on. 
Observation 14: For groupcast HARQ feedback, if separate PSFCH resources are configured based on SL-RSRP/SINR of RX UEs, it would be beneficial in terms of mitigating near-far problem, efficient retransmission of the groupcast.
Proposal 18: For groupcast HARQ feedback, support separate PSFCH resources are configured based on SL-RSRP/SINR of RX UEs
In the last meeting, it is discussed that the possibility that groupcast RX UEs share a PSFCH resource for ACK transmission and another PSFCH resource for NACK transmission. In this approach, since groupcast TX UE may not distinguish between the case where RX UE successes to decode PSSCH and the case where RX UE misses PSCCH. Furthermore, groupcast TX UE will retransmit PSSCH when it receives PSFCH for NACK transmission regardless of the reception of PSFCH for ACK transmission. In those points of views, it is unclear that the benefit of this approach. 
Observation 15: For Option 2 for groupcasst HARQ feedback, the benefit of sharing a PSFCH for ACK transmission is unclear. 

2.2.3. Additional condition on disabling HARQ feedback
During the NR V2X SI, it was agreed that (pre)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast. In addition, there can be additional condition that disables SL HARQ feedback even when (pre-)configuration enables SL HARQ feedback. Regarding the additional condition for enabling or disabling SL HARQ feedback, at least service type/requirement and/or congestion level are considered. For example, a certain service requiring stringent latency need to disable HARQ feedback and use blind retransmission to meet latency requirement. For this purpose, service type or requirement including QoS information are pre-defined in higher layer, then a UE can know whether traffic to be transmitted needs SL HARQ feedback or not. Furthermore, depending on the slot format, UE may not have chance to transmit HARQ feedback for a certain duration of time, and it can cause that UE does not meet the latency requirement. In addition, congestion level measured by each UE can affect SL HARQ feedback. This is because that when congestion level is high, HARQ feedback could be used to release retransmission resource depending on the HARQ-ACK state. On the other hand, when the congestion level is small, blind retransmission could be simply used. 
Proposal 19: When SL HARQ feedback is enabled, it needs to consider at least service type/requirement and congestion level as additional condition of actually using HARQ feedback.

2.2.4. TX-RX distance based HARQ feedback
TX-RX distance based SL HARQ feedback can be supported without changing the physical layer procedure. The receiver UE identifies the relevance of the PSSCH transmission, i.e., whether it is supposed to receive the PSSCH, based on the Layer-1 ID(s) included in SCI. If the ID(s) indicate that a UE is included in the target receiver, then the UE sends HARQ feedback. Thus, if it is possible to set the ID such that the receiver can identify the distance from the transmitter, then TX-RX distance based SL HARQ feedback is automatically supported by including the relevant information such as TX-RX distance and/or location of the transmitter in the Layer-1 ID(s). 
Proposal 20: Support that SCI includes field(s) to indicate Zone ID of TX UE.
· FFS: Details including the number of bits
On the concept of Zone ID, geographical area can be divided into multiple zones, and each zone could be represented by Zone ID. Considering signaling overhead, different zones can have the same Zone ID. In this case, when the distance between different zones with the same Zone ID is too close, TX-RX distance-based HARQ feedback would not work properly. On the other hand, all the zones have the unique Zone ID, the signaling overhead would be a burden. Considering wrap-around issue and the signaling overhead, the bit field size of the Zone ID needs to be determined. For instance, when the distance between zones with the same Zone ID is large than SCI coverage, wrap-around issue would be mitigated. On the TX-RX distance calculation, when the concept of zone is used, it is necessary to define how the RX UE assumes the TX UE’s location. For simplicity, it can be considered that the center of the indicated zone is TX UE’s location for the TX-RX distance calculation. 
Meanwhile, TX UE may not know its own location. In this case, it would be necessary that the TX UE indicates this situation to the RX UE. When the TX UE’s location is not available at the RX UE side, it can be considered that the RX UE transmit SL HARQ feedback when the HARQ state is NACK even though TX-RX distance-based HARQ feedback is enabled. On the other hand, it is possible that the RX UE does not know its own location even though the TX UE’s location is available at the RX UE side. In this case, RX UE cannot calculate distance between TX UE and RX UE as well. Similarly, it can be considered that the RX UE transmits HARQ feedback to the TX UE. 
Proposal 21: SCI can indicate the case where TX UE’s location is not available. 
Proposal 22: When TX-RX distance is not available at RX UE side, then the RX UE assumes that the TX-RX distance is 0.

2.3. CQI/RI measurement/reporting 
According to the agreements, sidelink CSI-RS will be transmitted together with PSSCH for unicast, and the physical resources for sidelink CSI-RS will be confined within PSSCH resource in both time and frequency domain. Since UE may not need to perform CQI/RI measurement in every SL slots, the sidelink CSI-RS could be transmitted aperiodically based on the SCI indication to save RS overhead efficiently. In other words, RX UE can perform CQI/RI measurement by using the received sidelink CSI-RS when the SCI indicates the existence of the sidelink CSI-RS. 
     On the sidelink CSI-RS resource, the number of antenna ports for sidleink CSI-RS would be highly related to the maximum number of antenna ports of PSSCH. To be specific, when the maximum number of PSSCH transmission is one, there is no need to have sidelink CSI-RS transmission with two antenna ports. Since sidelink CSI-RS transmission will be confined within PSSCH transmission, depending on the number of allocated PRBs for PSSCH transmission, the number of CSI-RS resources would not be sufficient for accurate CSI measurement. On the other hand, when the number of allocated PRB for PSSCH transmission large, it would be beneficial to reduce CSI-RS density to boost up the data rate. In this case, sidelink CSI-RS density needs to be dynamically changed. For simplicity, it can be considered that the sidelink CSI-RS resource pattern is indicated by SCI. 
Proposal 23: For CQI/RI measurement, SCI indicate whether sidelink CSI-RS is included in PSSCH or not.
· The number of antenna ports for sidelink CSI-RS is (pre)configured per resource pool
· Sidelink CSI-RS resource pattern is indicated by SCI.

Next, considering the resource allocation procedure for data transmission, SCI will not be used for triggering PSSCH transmission of RX UE. In this case, for CQI/RI reporting, RX UE may need to transmit PSCCH and PSSCH to TX UE who sent sidelink CSI-RS to RX UE. Since RX UE can miss SCI triggering sidelnk CSI-RS and can transmit data without CQI/RI reporting on PSSCH, it is necessary to avoid ambiguity on the contents on PSSCH between TX UE and RX UE. In this case, it can be considered that RX UE indicate whether CQI/RI reporting is included or not on PSSCH by using the SCI. In a similar manner, if Layer-1 sidelink RSRP is introduced and reported by a UE, it can be considered that SCI indicates the existence of sidelink RSRP reporting on the associated PSSCH. Meanwhile, it is discussed that CQI/RI reporting is transmitted on MAC CE. In this case, CQI/RI will be treated as SL-SCH, therefore, the same coding scheme and mapping scheme will be used. However, in general, error requirement for CQI/RI is tighter than that of SL-SCH. In addition, when CQI/RI reporting is on MAC CE, it mean that CQI/RI is available only if UE successfully decode the associated PSSCH. In other words, CQI/RI will not be used for retransmission. Considering 1-bit RI and 4-bit CQI, the total payload size of CQI/RI will be 5 bits, and it is sufficient to use RM coding rather than LDPC coding especially when CQI/RI only on PSSCH. 
Proposal 24: CQI/RI for NR sidelink is encoded by RM coding. 
· For simultaneous transmission of CQI/RI and SL-SCH on the same PSSCH, resources used for transmissions are separated. 
· For CQI/RI reporting on PSSCH without SL-SCH, remaining resources except for PSSCH, 2nd-stage, sidelink CSI-RS, and sidelink PT-RS transmissions are used for CQI/RI reporting. 
Proposal 25: For CQI/RI reporting, SCI can indicate whether PSSCH contains CQI/RI report on PSSCH.
· SCI field(s) indicate the existence of CQI/RI reporting and/or SL-SCH on PSSCH.
· FFS: Whether SCI indicate the existence of Layer-1 sidelink RSRP reporting (if supported) on PSSCH.

2.4. TBS determination
In NR Uu link, since the symbol duration of PDSCH/PUSCH can be dynamically changed, it is supported that formula-based TB size determination. In this case, one of the design principles is ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases. In this case, UE can derive TBS even though the UE successfully decode only DCI scheduling retransmission. Regarding the formula for TBS determination, the intermediate information bit size is derived by the coding rate and modulation order given by MCS, the number of layer, the reference number of REs per RB for data mapping, and the number of PRBs. When the number of REs per RB is counted, the symbol duration of PDSCH or PUSCH, and DMRS overhead are considered. In addition, remaining overhead is treated by a single RRC configured parameter. In other words, even though PDSCH resource can be partially overlapped with other channels such as PDCCH, SSB, CSI-RS, or PT-RS, these overheads are not directly considered since these channels would not be always overlapped with PDSCH. Similarly, resources for UCI mapping on PUSCH does not considered for TBS determination for PUSCH. 
On the other hand, considering PSCCH/PSSCH multiplexing Option 3, PSSCH resource will be always overlapped with PSCCH resources. In addition, PSSCH resource may include AGC symbol and TX-RX switching symbol. In this case, if these overheads are not considered for TBS determination for NR sidelink, the derived TBS would be overestimated. Alternatively, it can be considered that TX UE intentionally decrease MCS value. However, in this case, higher MCS would not be used frequently. 
Moreover, the symbol duration of PSSCH can be changed, but it will not be controlled by SCI. To be specific, depending on PSFCH resource period, some slots will contains PSFCH resources, and other slots will not contains PSFCH resources. In a licensed carrier, when UL and SL can be TDMed in a slot, the symbol duration of PSSCH can be changed depending on the number of symbols available for NR sidelink in a slot. Since initial transmission and retransmission could have different symbol duration of PSSCH, it would be necessary to define reference number of RE which is independent on the actual symbol duration of PSSCH to ensure to enable the same TBS between initial transmission and retransmission. For instance, the smallest symbol duration of PSSCH transmission in a resource pool could be used for TBS determination. 
Observation 16: In NR sidelink resource, AGC symbol and TX-RX switching symbol needs to be excluded for TBS determination. 
Proposal 26: It is necessary to investigate decide whether or how to modify the reference number of RE for TBS determination for NR sidelink at least considering following overhead.
· The corresponding PSCCH resource overhead.
· PSSCH DMRS overhead.
· TX-RX switching/AGC symbol.
· Different symbol duration of PSSCH transmission. 

3. Conclusions
In this contribution, we discussed several aspects on physical layer procedure for NR V2X. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: Since PSSCH DMRS will be pre-coded, SL-RSRP measurement based on DMRS could be overestimated. 
Observation 2: Since sidelink CSI-RS is not always transmitted, SL-RSRP measurement based on sidelink CSI-RS could be inaccurate due to the lack of measurement resources.
Observation 3: The benefit of power control based on SL pathloss or SL-RSRP for PSFCH transmission is unclear for unicast while the power control for PSFCH transmission would be beneficial for groupcast at the expense of signaling overhead for SL-RSRP reporting. 
Observation 4: When OLPC based on DL PL between TX UE and gNB is enabled, SL TX power values among TX UEs with different distance from gNB can be different. This may lead to SL performance degradation due to in-band emission problem.
Observation 5: PSFCH resource can be identified by a combination of code-domain parameter (e.g. cyclic shift value and/or OCC index) and frequency domain parameter (e.g. starting RB index).
Observation 6: When the 2nd stage transmission ends before the completion of the 1st stage decoding, and when short-duration PSFCH is used, K=2 is sufficient for all SCS.
Observation 7: Considering additional latency due to 2nd stage decoding, K=1 would not be feasible for all SCS.
Observation 8: The benefit of using multiple K values in a resource pool is unclear. 
Observation 9: When multiple PSFCH resources used by different UEs with different TX power for HARQ feedback are CDMed, near-far problem can occur. 
Observation 10: When multiple PSFCH resources used by different UEs with different TX power for HARQ feedback are adjacent in frequency domain, inter-band emission problem can occur.
Observation 11: It would be beneficial for capacity increment to separate PSFCH resources between different PSSCH transmissions whose resources are partially or fully overlapped.
Observation 12: It would be beneficial to separate PSFCH resource set between Unicast HARQ feedback and groupcast HARQ feedback Option 1 to avoid potential IBE problem.
Observation 13: To support CBG-based HARQ feedback for NR side link, it is necessary to investigate following aspects:
· How to perform retransmission reservation
· How to transmit large payload size of HARQ codebook on a sequence-based PSFCH format
Observation 14: For groupcast HARQ feedback, if separate PSFCH resources are configured based on SL-RSRP/SINR of RX UEs, it would be beneficial in terms of mitigating near-far problem, efficient retransmission of the groupcast.
Observation 15: For Option 2 for groupcasst HARQ feedback, the benefit of sharing a PSFCH for ACK transmission is unclear. 
Observation 16: In NR sidelink resource, AGC symbol and TX-RX switching symbol needs to be excluded for TBS determination. 

Proposal 1: Confirm the following working assumption:
· When the SL open-loop power control is configured to use both DL pathloss and SL pathloss, 
· (Working assumption) P0 and alpha values are separately (pre-)configured for DL pathloss and SL pathloss.
Proposal 2: RAN1 understands that UE receiving RS for SL-RSRP measurement reports a L3-filtered SL-RSRP.
Proposal 3: For SL pathloss estimation, TX UE derives Reference Signal Power for pathloss estimation by using the same filter and normalization rule used for a L3-filtered SL-RSRP measurement.
Proposal 4: In Rel-16 NR sidelink, PSSCH DMRS is used for SL-RSRP measurement. 
Proposal 5: When OLPC based on DL PL between TX UE and gNB is enabled, it needs to support TX resource pool separation based on DL RSRP to handle SL TX power difference depending on the position of in-coverage TX UE.
Proposal 6: Total sidelink transmit power is the same in the symbols used for PSCCH/PSSCH transmissions in a slot even in case of simultaneous transmission of sidelink and uplink.
Proposal 7: Power control for simultaneous transmission of sidelink and uplink across different carriers, 
· When the logical channel priorities of both SL and UL are available, the power is allocated in descending order of priority. 
· Otherwise, LTE V2X rule is applied.
Proposal 8: For PSSCH-to-HARQ feedback timing, K is the number of logical slots (i.e. the slots within the RX resource pool) 
Proposal 9: In Rel-16 NR sidelink, the use of multiple K values in a resource pool is not supported.
Proposal 10: RAN1 understands PSFCH resources are available in every N logical slots within the RX resource pool for PSFCH resource period N.
Proposal 11: Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots.
Proposal 12: For implicit mechanism for PSFCH resource determination, support separate PSFCH resources for different PSSCH transmissions which are partially or fully overlapped in time-and-frequency resource.
· FFS: how to separate PSFCH resources (e.g. DMRS sequence parameter for PSCCH or PSSCH, L1-source ID, CRC of the corresponding PSCCH)
Proposal 13: For a given pair of slot(s) and sub-channel(s) for PSSCH transmission, support separate PSFCH resources between different cast types (e.g. unicast, groupcast) and/or HARQ feedback options (e.g. Option 1, Option 2).
Proposal 14: For Case 1 and Case 2, no additional priority rule is supported.
Proposal 15: RAN1 prioritize to design details of SL HARQ feedback with N=1.
Proposal 16: For Case 3, PUCCH format 1b with channel selection in LTE is reused to support multiple HARQ feedback bits are multiplexed on a PSFCH. 
· PSFCH resource and cyclic shift value which are used for actual PSFCH transmission are determined based on HARQ-ACK states of PSCCH/PSSCH transmissions within a bundling window. 
· Mapping table between HARQ-ACK bits and a pair of PSFCH resource and cyclic shift value is chosen based on the number of PSSCH slots associated with the same PSFCH slot (i.e. bundling window size)
Proposal 17: Support parts of RBs in PSFCH symbol(s) are reserved for future use. 
Proposal 18: For groupcast HARQ feedback, support separate PSFCH resources are configured based on SL-RSRP/SINR of RX UEs
Proposal 19: When SL HARQ feedback is enabled, it needs to consider at least service type/requirement and congestion level as additional condition of actually using HARQ feedback.
Proposal 20: Support that SCI includes field(s) to indicate Zone ID of TX UE.
· FFS: Details including the number of bits
Proposal 21: SCI can indicate the case where TX UE’s location is not available. 
Proposal 22: When TX-RX distance is not available at RX UE side, then the RX UE assumes that the TX-RX distance is 0.
Proposal 23: For CQI/RI measurement, SCI indicate whether sidelink CSI-RS is included in PSSCH or not.
· The number of antenna ports for sidelink CSI-RS is (pre)configured per resource pool
· Sidelink CSI-RS resource pattern is indicated by SCI.
Proposal 24: CQI/RI for NR sidelink is encoded by RM coding. 
· For simultaneous transmission of CQI/RI and SL-SCH on the same PSSCH, resources used for transmissions are separated. 
· For CQI/RI reporting on PSSCH without SL-SCH, remaining resources except for PSSCH, 2nd-stage, sidelink CSI-RS, and sidelink PT-RS transmissions are used for CQI/RI reporting. 
Proposal 25: For CQI/RI reporting, SCI can indicate whether PSSCH contains CQI/RI report on PSSCH.
· [bookmark: _GoBack]SCI field(s) indicate the existence of CQI/RI reporting and/or SL-SCH on PSSCH.
· FFS: Whether SCI indicate the existence of Layer-1 sidelink RSRP reporting (if supported) on PSSCH.
Proposal 26: It is necessary to investigate decide whether or how to modify the reference number of RE for TBS determination for NR sidelink at least considering following overhead.
· The corresponding PSCCH resource overhead.
· PSSCH DMRS overhead.
· TX-RX switching/AGC symbol.
· Different symbol duration of PSSCH transmission. 
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Appendix
Following tables shows mapping between HARQ-ACK states and PSFCH resource/cyclic shift for actual PSFCH transmission. 
Table A. 1: Transmission of HARQ-ACK multiplexing for a bundling size of 2.
	HARQ-ACK(0), HARQ-ACK(1)
	PSFCH resource
	[image: ]

	ACK, ACK
	
	1, 1

	ACK, NACK/DTX
	
	0, 1

	NACK/DTX, ACK
	
	0, 0

	NACK/DTX, NACK
	
	1, 0

	NACK, DTX
	
	1, 0

	DTX, DTX
	No transmission



Table A. 1: Transmission of HARQ-ACK multiplexing for a bundling size of 4.
	HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3)
	PSFCH resource
	[image: ]

	ACK, ACK, ACK, ACK
	
	1, 1

	ACK, ACK, ACK, NACK/DTX
	
	1, 0

	NACK/DTX,NACK/DTX,NACK,DTX
	
	1, 1

	ACK, ACK, NACK/DTX, ACK
	
	1, 0

	NACK, DTX, DTX, DTX
	
	1, 0

	ACK, ACK, NACK/DTX, NACK/DTX
	
	1, 0

	ACK, NACK/DTX, ACK, ACK
	
	0, 1

	NACK/DTX, NACK/DTX, NACK/DTX, NACK
	
	1, 1

	ACK, NACK/DTX, ACK, NACK/DTX
	
	0, 1

	ACK, NACK/DTX, NACK/DTX, ACK
	
	0, 1

	ACK, NACK/DTX, NACK/DTX, NACK/DTX
	
	1, 1

	NACK/DTX, ACK, ACK, ACK
	
	0, 1

	NACK/DTX, NACK, DTX, DTX
	
	0, 0

	NACK/DTX, ACK, ACK, NACK/DTX
	
	1, 0

	NACK/DTX, ACK, NACK/DTX, ACK
	
	1, 0

	NACK/DTX, ACK, NACK/DTX, NACK/DTX
	
	0, 1

	NACK/DTX, NACK/DTX, ACK, ACK
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