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1. Introduction
In RAN1#98bis meeting [1] and email discussions [2][3][4], followings are agreed for physical layer procedure for Rel-16 NR sidelink:
	Working assumption:
· For the power limited case in supporting simultaneous sidelink and uplink transmissions (SL carrier is different from UL carrier),
· If sidelink transmission is prioritized over uplink transmission, the UE shall adjust the uplink transmission power before the start of the transmission such that its total transmission power does not exceed [image: ] on any overlapped portion. In this case, calculation of the adjustment to the uplink transmission power is not specified.
· If uplink transmission is prioritized over sidelink transmission, the UE shall adjust the sidelink transmission power before the start of the transmission such that its total transmission power does not exceed [image: ] on any overlapped portion. In this case, calculation of the adjustment to the sidelink transmission power is not specified.
· Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink
· PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.
· Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.
· If the simultaneous transmission of sidelink and uplink is beyond the UE capability, the one not prioritized can be dropped.
· FFS: when to prioritize which transmission
· FFS: how to address UE processing time
· FFS: whether there is a case of dropping some symbols of uplink transmissions
· Whether/how to address RF transient period is up to RAN4.

Agreements:
· For PSFCH power control, 
· It is supported that the open-loop power control is based on the pathloss between PSFCH TX UE and gNB (if PSFCH TX UE is in-coverage):
· The nominal power and alpha for PSFCH power control are configured separately from the parameters used for PSCCH/PSSCH power control.
·  (working assumption) Sidelink pathloss based PSFCH power control is not supported.

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

Agreements:
· For SL-RSRP measurement for SL open-loop power control, PSSCH DMRS is used

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

Agreements:
· For PSSCH-to-HARQ feedback timing, K is the number of logical slots (i.e. the slots within the resource pool)

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

Working assumption:
· For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.

Working assumption:
· A single value of K is (pre-)configured in a resource pool. 
· K=3 is supported in addition to K=2.

Agreements:
· For groupcast HARQ feedback, SCI explicitly indicates either Option 1 or Option 2 is to be used.

Agreements:
· For implicit mechanism for PSFCH resource determination,
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots

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

Agreements:
· 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).
· This (pre)configuration includes the case where all the frequency resources in a resource pool are available for the actual PSFCH transmission.


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 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 2: 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.
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 1: 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. 
Proposal 3: Confirm the following working assumption:
· (working assumption) Sidelink pathloss based PSFCH power control is not supported.

For the power limited case in supporting simultaneous sidelink and uplink transmissions across different carriers, 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. In case of PSFCH, a UE could transmit more than one PSFCH in the same timing, it is necessary to define how to allocate each PSFCH power depending on ther priority. For simplicity, it can be considered to decide whether sidelink transmissions are prioritized over uplink transmission according to the smallest priority value of sidelink transmissions, and then allocate power to the multiple PSFCH equally to ensure power of each PSFCH could be large enough considering EVM impairment and PSFCH coverage. 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. 
Proposal 4: Power control for simultaneous transmission of sidelink and uplink across different carriers, 
· If priority of uplink transmission is smaller than UL threshold, 
· Uplink transmission is prioritized over sidelink transmission
· Else
· If priority of sidelink transmission is smaller than SL threshold, 
· Sidelink transmission is prioritized over uplink transmission
· Else
· Uplink transmission is prioritized over sidelink transmission
· If more than one sidelink transmissions in a carrier is supported, the smallest priority value is used to compare with the threshold.
· Note: UL threshold and SL threshold are high layer parameters. 

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. 
Proposal 5: PSFCH resource is identified by a combination of code-domain parameter (e.g.  value) and frequency domain parameter (e.g. RB index).
· PSFCH resource indexing is in increasing order of first the order of , and then the RB index over the assigned physical resources. 
· The number of PSFCH resources per PRB is the same for unicast, groupcast Option 1, and groupcast Option 2. 
For a PSFCH format, a set of frequency resources is (pre-)configured for the actual use of PSFCH transmissions. In this case, the remaining issue is how to signaling the set of frequency resources.  Considering forward compatibility, it would be better to have full flexibility to indicate which RB is used for the actual PSFCH transmissions, but the signaling overhead could be burden. Considering wideband transmission in the future release, part of RBs in each sub-channel could be reserved. On the other hand, considering guard band to avoid IBE, the set of frequency resources for the actual PSFCH transmissions could be restricted to a certain set of consecutive sub-channels. 
Proposal 6: For signaling RB set used for actual PSFCH transmission, down-select one of followings:
· Option 1: Bitmap indicates RBs in a resource pool 
· Option 2: Bitmap indicates RBs in a sub-channel, 
· Option 2-1: The bitmap is applied to all the sub-channels in a resource pool
· Option 2-2: The bitmap is applied to sub-channels indicated by another bitmap
· Option 2-3: The bitmap is applied to sub-channels indicated by a combination of starting sub-channel index and the number of sub-channel
· Option 3: Bitmap indicates sub-channels in a resource pool
Next, in a resource pool, multiple PSCCH and PSSCH can be partially or fully overlapped in time-and-frequency resources considering Mode 2 operation. 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, if it is not supported to separate PSFCH resources between different PSSCH transmissions with the same starting sub-channel index of PSSCH in the same slot, PSFCH resource collision problem can occur as shown in Figure 1. In other words, TX UE may receive multiple PSFCHs on the same resource from different RX UEs, or the TX UE may receive PSFCH from unintended RX UE. For instance, if the unintended RX UE is more close to the TX UE compared to the intended RX UE, the receive power of PSFCH from the unintended RX UE would be higher. In another example, if the intended RX UE fails to detect SCI, the TX UE may receive PSFCH from the unintended RX UE only. In those cases, the TX UE may make a wrong decision on the HARQ-ACK state. It will increase NACK-to-ACK error probability and ACK-to-NACK error probability, and it will cause unnecessary retransmission(s) or latency problem to resolve ACK-to-NACK error in higher layer. 
[image: ]
Figure 1: Example of PSFCH resource collision.
Observation 2: It would be beneficial to separate PSFCH resources between different PSSCH transmissions with the same starting sub-channel in the same slot not to increase NACK-to-ACK error and ACK-to-NACK error probabilities.
Proposal 7: 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,
· L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· L1-source ID (i.e., the ID of TX UE) indicated by SCI in addition to member ID

For implicit mechanism for PSFCH resource determination, several principles are agreed as follows: 
	· 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
· Support FDM between PSFCH resources used for HARQ feedback of PSSCH transmissions with same starting sub-channel in different slots
· 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
· 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



For instance, in Figure 2, 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). 
[image: ]
Figure 2. 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 3. 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 3, PSSCH#0 and PSSCH#5 will be overlapped in the starting sub-channel, and it is assumed that PSCCH#0 and PSCCH#5 is associated with different L1-source ID. 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 L1-source ID indicated by the corresponding SCI. 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. 

[image: ]
Figure 3. Example of PSSCH to PSFCH resource mapping
Another example is that PSFCH resource separation for HARQ feedback for groupcast Option 2. In Figure 4, 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 L1-source ID, 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 L1-source ID. 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. Alternatively, it can be considered that for groupcast Option 2, L1-source ID indicated by SCI would not be used for PSFCH resource determination. In other words, depending on the cast type and/or HARQ feedback option, mechanism to select PSFCH resource for the actual PSFCH transmission among PSFCH resources determined from the starting sub-channel index and slot index used for the corresponding PSSCH could be different. 
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Figure 4. Example of PSSCH to PSFCH resource mapping
Proposal 8: PSFCH resource is derived by following formula
· 
·  is the starting sub-channel index of the corresponding PSSCH.
·  is the slot order of the corresponding PSSCH within a bundling window.
· The bundling window is defined as union of SL slots associated with the same slot where PSFCH resource is available. 
·  is L1-source ID mod X, where X is (pre)configured or predefined. 
· X can be different between groupcst Option 2 and others. 
·  is a member ID for groupcast Option 2. Otherwise, .
·  is (pre)configured to be either
·  or 
·  is the number of PRBs for the actual PSFCH transmissions in a resource pool
·  is the number of m_0 values per PRB
· (Pre)configuration indicates  and 
For the example on how to use the above formula, assume that the sub-channel size is 10 PRB, and the number of sub-channels in a resource pool is 3, and the PSFCH resource period N is 2. Next, for groupcast Option 2, the group size is 5. Next, for PSFCH resource set, the number of PRBs for the actual PSFCH transmission is 10 PRB, and the multiplexing capacity via CDM per PRB (i.e. the number of m_0) is 3. In this case, the total number of PSFCH resources in a slot is 30. 
For the PSFCH resource determination, assume that (pre)configuration sets , , , , and . Next, for the PSFCH resource collision handling, assume that the value of X is assumed to be 2 for all cast types and HARQ feedback options. Then, =2. In this case, PSFCH resource determination could be summarized as shown in Figure 5. In this case, if PSSCH for groupcast Option 2 is associated with sub-channel#1 and sub-channel#2 in the second slot within the bundling window, and if L1-source ID is odd number, TX UE will receive PSFCHs on PSFCH resource #17, #18, #27, and #28 from 4 RX UEs. 
[image: ]
Figure 5: Example of PSFCH resource determination based on formula. 
In another example, it can be considered that PSFCH resource selection for groupcast Option 2 does not consider L1-source ID. In this case, the value of X is assumed to be 2 for unicast and groupcast Option 1, and X is 1 for groupcast Option 2. Then, =5. In this case, PSFCH resource determination for groupcast Option 2 could be summarized as shown in Figure 6.
[image: ]
Figure 6: Example of PSFCH resource determination based on formula. 

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 9: For Case 1 and Case 2, no additional priority rule is supported.
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, a sequence-based PSFCH format can convey up to two bits, therefore, 4 bits of HARQ-ACK feedback could be supported simultaneous transmission of two PSFCHs in a slot. The detailed description can be found in our companion contribution [5]. 
Proposal 10: For Case 3, support up to two PSFCH transmission(s) conveying 2 bits in a slot. 
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. 
If simultaneous transmissions of multiple PSFCHs is supported, it is necessary to define how to handle the combination(s) of Case 1, Case 2, and/or Case 3. To be specific, for a given slot, a UE may need to transmit more than one PSFCHs, and the UE may need to receive more than one PSFCHs in the same time. In addition, these PSFCH transmissions and receptions could have different priority. For simplicity, it can be considered that a UE decide first whether to perform PSFCH TX or PSFCH RX by comparing the smallest priority value of PSFCH TXs with the smallest priority value of PSFCH RXs. Then, if PSFCH TX is prioritized over PSFCH RX, the UE can transmit multiple PSFCHs if more than one PSFCH transmissions is supported. 
Proposal 11: If more than one PSFCH transmissions is supported in Rel-16 NR sidelink, for handling combination of Case 1, Case 2, and Case 3, 
· Decide first between PSFCH TX and PSFCH RX by comparing the smallest priority value of PSFCH TXs with the smallest priority value of PSFCH RXs.
· If PSFCH TX is prioritized, UE can transmit more than one PSFCHs.
· Otherwise, UE receives one or multiple PSFCHs. 
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, PSFCH format based PUCCH format 2 would not be feasible due to the AGC settling time. Considering remaining time-budget, CBG-based retransmission and CBG-based HARQ feedback is not supported for Rel-16 NR sidelink.
Observation 3: 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
Proposal 12: CBG-based retransmission and HARQ feedback is not supported for Rel-16 NR sidelink. 

2.2.2. [bookmark: _GoBack]Additional condition on disabling HARQ feedback
According to the agreement, when PSFCH resource is (pre-)configured in the resource pool, the actual transmission of HARQ feedback could be disabled by explicit SCI indication. In this case, TX UE will decide enabling or disabling HARQ feedback for the corresponding PSSCH transmission based on service type/requirement, and congestion level. For example, a certain service requiring stringent latency need to disable HARQ feedback and use blind retransmission to meet latency requirement. 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. 
Moreover, if the (pre)configured value of K is not sufficient for a certain condition due to the UE processing time, or if TX UE is not aware of its own location, it can be considered that the SCI can indicate disabling HARQ feedback for the corresponding PSSCH transmission. 
Proposal 13: Confirm the following working assumption:
· For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.

2.2.3. TX-RX distance based HARQ feedback
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, 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 nearest zone with the Zone ID indicated by the received SCI is TX UE’s location for the TX-RX distance calculation. 
Proposal 14: Confirm the following working assumption: 
· 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.
Proposal 15: For TX-RX distance derivation, RX UE assumes that TX UE’s location is the center of the nearest zone with the Zone ID indicated by the received SCI. 
Meanwhile, TX UE may not know its own location. In this case, TX-RX distance-based HARQ feedback would not work properly. In this case, one possible way is that TX UE will disable HARQ-ACK feedback via explicit SCI indication for the corresponding PSSCH transmission. In this case, if Zone ID field is present in SCI, RX UE will skip it. Another way is that TX UE may not use the 2nd-stage SCI format including Zone-ID field in case when TX UE’s location is not available. In this case, TX-RX distance-based HARQ feedback would be disabled. In those points of views, it would not be necessary that SCI can indicate the case where TX UE’s location is not available. 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 16: Not support explicit SCI indication to indicate the case where TX UE’s location is not available. 
Proposal 17: If RX UE receives Zone ID via SCI, and if TX-RX distance is not available at RX UE side, then the RX UE assumes that the TX-RX distance is 0.

2.2.4. Aspect on PSFCH detection 
According to PUCCH performance, there are several requirements. First of all, probability of PUCCH DTX to ACK shall not exceed 1%. To be specific, when UE can fail to decode PDCCH, the UE does not transmit PUCCH for the PDSCH. However, gNB can try to detect PUCCH by using noise or interference, and it is possible that the noise or interference is detected as ACK. This kind of false alarm problem will make HARQ process inefficient, and it will cause latency problem since this error will be resolved in higher layer. Deepening on the implementation, PUCCH DTX could be checked after PUCCH detection mechanism is performed. For instance, for PUCCH format 0, if maximum correlation value between ACK or NACK sequence is less than a certain threshold, gNB can decide that PUCCH is not transmitted. Next, probability of NACK to ACK shall not exceed 0.1%. This error also can make HARQ process inefficient, and it will cause latency problem. Lastly, probability ACK missed detection shall not exceed 1%. This probability can include that case where PUCCH is not detected and the case where ACK is decided as NACK. This error will cause unnecessary retransmission. 
For SL HARQ-ACK feedback on PSFCH, it can be considered that the performance requirement for PUCCH is a baseline for unicast and groupcast Option 2. On the other hand, in case of groupcast Option 1, since UE will not transmit PSFCH when the UE success to decode PSCCH/PSSCH for groupcast, the performance requirement may need to be modified. To be specific, first of all, since PSFCH DTX could be ACK, requirement for probability of PSFCH DTX to ACK may not be needed. Instead, probability of DTX to NACK would be needed. In a similar manner, PSFCH DTX decision could be made based on the correlation value for NACK sequence for groupcast Option 1. Next, instead of probability of NACK-to-ACK, probability of NACK missed detection may need to be considered. For instance, even though the RX UE transmit NACK on PSFCH to the TX UE, but the detected correlation value for the NACK sequence would not exceed a certain threshold at the TX UE side. 
Considering QoS parameters and various service type in TS22.186, error requirement for SL HARQ-ACK feedback would need to be more tightened. For instance, when overall error requirement is , the error requirement for SL HARQ-ACK feedback also needs to be comparable with . Depending on the error requirement, it can be considered that the TX UE adjust thresholds to decide PSFCH DTX, ACK, or NACK to meet the requirement. For instance, the TX UE will decide whether ACK sequence is transmitted or NACK sequence is transmitted by comparing correlation values for ACK sequence and NACK sequence. Then, to enhance NACK to ACK detection probability, it can be considered to add a certain offset value to the correlation value for NACK sequence before the comparison. Next, the TX UE will decide whether the PSFCH is actually transmitted or not by comparing the correlation value for the selected sequence with the DTX threshold. Depending on the QoS parameter, the DTX threshold could be increased further. In this case, it would be beneficial to link between QoS parameters and the error requirement of SL HARQ-ACK feedback. 
Proposal 18: Introduce error requirement for SL HARQ-ACK feedback as follows:
· For unicast and groupcast Option 2
· DTX to ACK probability
· ACK missed detection probability
· NACK to ACK detection probability
· For groupcast Option 1
· DTX to NACK probability
· NACK missed detection probability
Proposal 19: Support linkage between error requirement for SL HARQ-ACK feedback and QoS parameters. 

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: 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 2: It would be beneficial to separate PSFCH resources between different PSSCH transmissions with the same starting sub-channel in the same slot not to increase NACK-to-ACK error and ACK-to-NACK error probabilities.
Observation 3: 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

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: 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 3: Confirm the following working assumption:
· (working assumption) Sidelink pathloss based PSFCH power control is not supported.
Proposal 4: Power control for simultaneous transmission of sidelink and uplink across different carriers, 
· If priority of uplink transmission is smaller than UL threshold, 
· Uplink transmission is prioritized over sidelink transmission
· Else
· If priority of sidelink transmission is smaller than SL threshold, 
· Sidelink transmission is prioritized over uplink transmission
· Else
· Uplink transmission is prioritized over sidelink transmission
· If more than one sidelink transmissions in a carrier is supported, the smallest priority value is used to compare with the threshold.
· Note: UL threshold and SL threshold are high layer parameters. 
Proposal 5: PSFCH resource is identified by a combination of code-domain parameter (e.g.  value) and frequency domain parameter (e.g. RB index).
· PSFCH resource indexing is in increasing order of first the order of , and then the RB index over the assigned physical resources. 
· The number of PSFCH resources per PRB is the same for unicast, groupcast Option 1, and groupcast Option 2. 
Proposal 6: For signaling RB set used for actual PSFCH transmission, down-select one of followings:
· Option 1: Bitmap indicates RBs in a resource pool 
· Option 2: Bitmap indicates RBs in a sub-channel, 
· Option 2-1: The bitmap is applied to all the sub-channels in a resource pool
· Option 2-2: The bitmap is applied to sub-channels indicated by another bitmap
· Option 2-3: The bitmap is applied to sub-channels indicated by a combination of starting sub-channel index and the number of sub-channel
· Option 3: Bitmap indicates sub-channels in a resource pool
Proposal 7: 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,
· L1-source ID (i.e., the ID of TX UE) indicated by SCI
· For groupcast HARQ feedback Option 2,
· L1-source ID (i.e., the ID of TX UE) indicated by SCI in addition to member ID
Proposal 8: PSFCH resource is derived by following formula
· 
·  is the starting sub-channel index of the corresponding PSSCH.
·  is the slot order of the corresponding PSSCH within a bundling window.
· The bundling window is defined as union of SL slots associated with the same slot where PSFCH resource is available. 
·  is L1-source ID mod X, where X is (pre)configured or predefined. 
· X can be different between groupcst Option 2 and others. 
·  is a member ID for groupcast Option 2. Otherwise, .
·  is (pre)configured to be either
·  or 
·  is the number of PRBs for the actual PSFCH transmissions in a resource pool
·  is the number of m_0 values per PRB
· (Pre)configuration indicates  and 
Proposal 9: For Case 1 and Case 2, no additional priority rule is supported.
Proposal 10: For Case 3, support up to two PSFCH transmission(s) conveying 2 bits in a slot. 
Proposal 11: If more than one PSFCH transmissions is supported in Rel-16 NR sidelink, for handling combination of Case 1, Case 2, and Case 3, 
· Decide first between PSFCH TX and PSFCH RX by comparing the smallest priority value of PSFCH TXs with the smallest priority value of PSFCH RXs.
· If PSFCH TX is prioritized, UE can transmit more than one PSFCHs.
· Otherwise, UE receives one or multiple PSFCHs. 
Proposal 12: CBG-based retransmission and HARQ feedback is not supported for Rel-16 NR sidelink. 
Proposal 13: Confirm the following working assumption:
· For HARQ feedback in groupcast and unicast, when PSFCH resource is (pre-)configured in the resource pool,
· SCI explicitly indicates whether HARQ feedback is used or not for the corresponding PSSCH transmission.
Proposal 14: Confirm the following working assumption: 
· 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.
Proposal 15: For TX-RX distance derivation, RX UE assumes that TX UE’s location is the center of the nearest zone with the Zone ID indicated by the received SCI. 
Proposal 16: Not support explicit SCI indication to indicate the case where TX UE’s location is not available. 
Proposal 17: If RX UE receives Zone ID via SCI, and if TX-RX distance is not available at RX UE side, then the RX UE assumes that the TX-RX distance is 0.
Proposal 18: Introduce error requirement for SL HARQ-ACK feedback as follows:
· For unicast and groupcast Option 2
· DTX to ACK probability
· ACK missed detection probability
· NACK to ACK detection probability
· For groupcast Option 1
· DTX to NACK probability
· NACK missed detection probability
Proposal 19: Support linkage between error requirement for SL HARQ-ACK feedback and QoS parameters. 
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