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Introduction
The Rel-16 NR V2X WI was approved in RAN#83 [1]. In this contribution, we provide our views on SL physical layer procedure with emphasis on remaining issues for power control and HARQ.
Power control in sidelink
In this section, the following issues about sidelink power control are investigated: 1) open-loop power control for groupcast; 2) PSDs for PSSCH.
Open-loop power control for groupcast
In RAN1 AH1901 and RAN1#96, the following agreements were made about the power control of V2X.
	Agreements:
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
· FFS whether closed-loop power control is additionally needed
Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open-loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 


According to the agreements, the open-loop power control based on the pathloss between TX UE and RX UE(s) for groupcast communication is FFS. In our view, open-loop power control based on the pathloss should be also supported for groupcast. Without this mechanism, the groupcast TX UE can simply perform transmission using the configured maximum transmit power. In this case, power usage is inefficient, and too much interference is introduced to non-groupcast in sidelink. 
In the following, this issue is explored with more details. The SINR of a non-groupcast (i.e., broadcast and unicast) RX UE is


where Snon-groupcast is the received power of the desired signal, Igroupcast is the interference coming from groupcast, Inon-groupcast is the interference from broadcast and unicast, and N is the contribution of the noise. When the transmit power of groupcast is halved, the SINR of the non-groupcast UE becomes


Therefore, open-loop power control for groupcast is beneficial for the reception quality of non-groupcast. 
Observation #1: When open-loop power control is supported for groupcast, the reception quality of non-groupcast (i.e., broadcast and unicast) is better than the situation when the open-loop power control is not supported for groupcast and the transmit power of groupcast is equal to the configured maximum transmit power.
On the other hand, the SINR of a groupcast Rx UE is given as


When the transmit power of groupcast is halved, the SINR of groupcast becomes


Therefore, reducing the transmit power of groupcast is unfavourable for groupcast. However, this does not mean open-loop power control hurts the reception quality of groupcast. When open-loop power control works normally, the transmit power is adjusted to an appropriate level so that all RX UEs have reliable reception. 
Observation #2: When open-loop power control is supported for groupcast, the SINR of groupcast can be lower than the SINR when the open-loop power control is not supported for groupcast. However, the communication quality of groupcast is not hurt if the open-loop power control works normally.
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Figure 1. PRR in the highway scenario with different transmit power levels
For platooning where group of UEs are in proximity, the required transmit power level to maintain the communication is generally much lower than the maximum transmit power. Figure 1 shows the average PRR in the highway scenario with different transmit power levels. The simulation assumptions are summarized below. 
· 20 MHz bandwidth
· 15 kHz SCS
· Highway scenario
· Vehicle dropping option A
· Periodic traffic model 2 (1200 bytes, 800 bytes)
· Groupcast
· Single transmission of each TB
· MMSE receiver
It is observed, to maintain a groupcast up to 60 meters, the average PRR is almost identical for transmit power levels of 0, 7, 14, and 23 dBm. 
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Figure 2. PRR in the urban scenario with different transmit power levels
The result of Figure 1 may induce an idea that, if the maximum transmit power of groupcast is configured properly, open-loop power control may not be necessary. For example, from Figure 1, if the maximum transmit power for groupcast is configured as 7 dBm, the groupcast of platoon in highway works well within the distance of 60 meters. This idea is not decent when we look at Figure 2, which shows the average PRR in the urban scenario with different transmit power levels. It is observed the average PRR varies largely with different transmit power levels. To replace open-loop power control with ‘configured maximum transmit power’, the configured value of the maximum transmit power is required to be sensitive to the operation scenario of the sidelink, which is difficult to implement in a real system. 
Observation #3: It is difficult to use ‘configured maximum transmit power’ as a replacement of open-loop power control in a real system.
Based on the above observations, we have the following proposal.
Proposal #1: For groupcast, it is supported the pathloss between the TX UE and the RX UE(s) is known to the TX UE. The TX UE adjusts the transmit power based on the knowledge of pathloss.
As agreed in RAN1#96, for unicast, the open-loop power control (called Method 1) is the TX UE transmits the pilot signal, and the RX UE reports the SL-RSRP to the TX UE. Based on the reported SL-RSRP from the RX UE, the TX UE can derive the pathloss estimate. 
Another method (called Method 2) used by eMBB uplink power control (but not used for SL unicast) is the RX UE transmits the pilot signal and also indicates the pilot signal transmit power, and the TX UE derives the pathloss estimate according to the measured pilot signal received power.
For V2X, the advantage of Method 1 comes from the fact that the V2X communication is peer-to-peer and UEs keep moving. The transmit power of data packets as well as the pilot signal may be adjusted frequently. It is not efficient (as Method 2) to have the RX UE provide the signalling for the transmit power level of the pilot signal.  Therefore, we think the mechanism of open-loop power control in unicast can be reused for groupcast. 
Since the TX UE may adjust the transmit power of the pilot signal, it is not appropriate for the RX UE to perform Layer-3 filtering on the SL-RSRP measurement results. Therefore, the RX UE reports Layer-1 SL-RSRP measurement, and the Layer-3 filtering of SL-RSRP is performed by the TX UE. 
Proposal #2: For open-loop power control in groupcast based on the pathloss between TX UE and RX UE(s), the TX UE transmits the pilot signal, and the RX UE reports the Layer-3 SL-RSRP to the TX UE.
For open-loop power control in unicast, it was agreed to revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation before SL-RSRP is available for a RX UE. Our view is, if the TX UE is in-coverage, the TX UE derives the transmit power based on the pathloss between the TX UE and gNB before the SL-RSRP from RX UE is available. Otherwise, the TX UE performs transmission based on the maximum transmit power or a (pre-)configured power level. This rule is applicable to unicast as well as groupcast. 
Proposal #3: For open-loop power control in unicast and groupcast, if the TX UE is in-coverage, the TX UE derives the transmit power based on the pathloss between the TX UE and gNB before the SL-RSRP from RX UE is available; otherwise, the TX UE performs transmission based on the maximum transmit power or a (pre-)configured power level. 
PSDs for PSSCH
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Figure 3. Resource allocation for Option 3 of PSCCH/PSSCH configuration
In LTE V2X, the EPRE of PSCCH is 3 dB higher than the EPRE of PSSCH. However, for Option 3 of PSCCH/PSSCH configuration in NR V2X, it is difficult to apply such 3 dB power boosting. Consider the resource allocation of PSCCH and PSSCH in Figure 3. The orange part (southwest-northeast texture) is the resource for PSCCH. The green part (horizontal texture) corresponds to the resource of PSSCH in the OFDM symbols containing PSCCH. The blue part (northwest-southeast texture) is the resource of PSSCH in those OFDM symbols without PSCCH.



According to the LS reply from RAN4 [2], to avoid the transient period between the last OFDM symbol of PSCCH and the following OFDM symbol, the transmit powers of the two OFDM symbols should be the same. Let P denote the power spectral density for the OFDM symbols without PSCCH (i.e., the blue part in Figure 3). Due to 3dB power boosting, the power spectral density for PSCCH (i.e., the orange part in Figure 3) is 2P. The transmit power of the blue part is , and the transmit power of the orange part is . To have the same total transmit powers at the last OFDM symbol of PSCCH and the following OFDM symbol, when , the power allocated for the green part becomes negative, which is clearly not possible. Therefore, power boosting for PSCCH is incompatible with Option 3 of PSCCH/PSSCH configuration.   
Observation #4: Power boosting for PSCCH over PSSCH is incompatible with Option 3 of PSCCH/PSSCH configuration.
To guarantee the coverage of PSCCH is not shrunk in NR V2X w.r.t. LTE V2X, the code rate for PSCCH in NR V2X can be adjusted accordingly. 
Proposal #4: There is no power boosting for the EPRE of PSCCH over the EPRE of PSSCH. To guarantee the coverage of PSCCH is not shrunk in NR V2X w.r.t. LTE V2X, the code rate for PSCCH in NR V2X can be adjusted accordingly. 
HARQ in sidelink
In this section, the following issues about sidelink HARQ are investigated.
· HARQ feedback
· Mapping rule for radio resource of PSFCH
HARQ feedback
Bit width of HARQ feedback
In the design of HARQ feedback channel, it is needed to know the bit width of the HARQ feedback. The bit width is dependent on issues such as whether CBG is supported, the number of HARQ acknowledgements in a HARQ feedback, and so on. 
Whether CBG is supported 
In unicast, the gain of CBG is expected to be limited due to the small packet size of V2X. Therefore, we do not think it should be supported. In groupcast, retransmission of a CBG can be waived only when all RX UEs successfully receive the CBG. Thus, the gain of CBG in groupcast is even smaller than in unicast. 
Proposal #5: CBG is not supported for Rel-16 NR V2X.
Number of HARQ acknowledgements per HARQ feedback
Multiple HARQ acknowledgements per HARQ feedback may happen in CA. However, CA is not in the scope of Rel-16 NR V2X. 
Asynchronous HARQ may also result in multiple HARQ acknowledgements per HARQ feedback. However, according to the analysis to be given in Section 3.2, the resource for PSFCH is sufficient even though each HARQ feedback is provided individually without HARQ multiplexing/bundling 
Proposal #6: In Rel-16 NR V2X, HARQ multiplexing and HARQ bundling is not used.
SL-RSRP report for groupcast 
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Figure 4. UE grouping in groupcast based on SL-RSRP
	RSRP range 1
	RSRP < -120 dBm

	RSRP range 2
	-120 dBm ≤ RSRP < -110 dBm

	RSRP range 3
	-110 dBm ≤ RSRP < -100 dBm

	RSRP range 4
	-100 dBm ≤ RSRP < -90 dBm

	…
	…


Table 1. An example of mapping between SL-RSRP range and measured RSRP values
The SL-RSRP reports from RX UEs are needed for the support of open-loop power control. For the SL-RSRP report in groupcast, a method of UE grouping based on the measured SL-RSRP as shown in Figure 5 can be used. In the figure, each RX UE measures the pilot signal transmitted from the TX UE. The RX UEs also receive the configuration of SL-RSRP ranges from the network or TX UE as shown in Table 1. Based on the measured RSRP value, a RX UE is aware of the subgroup it belongs to. In Figure 5, the outermost UE does not need to provide SL-RSRP report due to the large TX-RX geographical distance. For UEs belonging to the same subgroup, they share a common resource for SL-RSRP feedback. 
[bookmark: _GoBack]Based on the SL-RSRP feedback, the TX UE is aware of the RSRP distribution of RX UEs, from which the transmit power level can be adjusted. Without such RSRP information, open-loop power control cannot be used. As we have already pointed out in Section 2.1, in this case the TX UE will generally transmits with the configured maximum power to ensure the coverage. In this case, the power usage is not efficient, and interference level for non-groupcast (i.e., unicast and broadcast) in the V2X channel is unnecessarily high.
Proposal #7: For SL-RSRP report of RX UEs in groupcast, RX UEs are grouped based on the ranges of measured SL-RSRP. Those RX UEs belonging to the same subgroup share a resource for SL-RSRP feedback.
Joint feedback of HARQ and SL-RSRP for groupcast
In this section, we discuss the joint feedback of HARQ and SL-RSRP in groupcast, where the purpose of the SL-RSRP feedback is used for open-loop power control.
In RAN1#96bis, the following design for groupcast HARQ feedback were agreed.
	Agreements:
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet
Agreements:
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission
· Note: Each PSFCH is mapped to a time, frequency, and code resource.


In the following, we discuss joint feedback of HARQ and SL-RSRP for two options separately.
Option 1 of groupcast HARQ feedback: RX UE transmits only HARQ NACK
In this option, according to RAN1 agreements, it is supported all the RX UEs share a PSFCH. There is an FFS about the support for a subset of the RX UEs share a PSFCH. 
[image: ]
Figure 5. Joint feedback of HARQ and SL-RSRP for groupcast HARQ feedback Option 1
For the case of all RX UEs share a PSFCH for HARQ feedback (already agreed), the SL-RSRP report can be delivered by PSFCH(s) other than the PSHCH for HARQ feedback. Assume the sequence based channel structure (e.g., PUCCH format 0) is used for PSFCH. In Figure 6(a), an example is illustrated where a sequence is used for NACK feedback, and other 3 sequences are used for SL-RSRP reports of different subgroups associated with SL-RSRP ranges. In the figure, the PSFCH for NACK and the PSFCH for SL-RSRP report occupy the same time-frequency resource. It is also possible that the PSFCH for NACK and the PSFCH for RSRP report use different time-frequency resources.
For the case that a subset of the RX UEs share a PSFCH for HARQ feedback (FFS), Figure 6(b) gives an example that RX UEs who are with the same SL-RSRP range share a PSFCH for NACK feedback. 
Proposal #8: In groupcast HARQ feedback Option 1, the configuration of a subset of the RX UEs share a PSFCH is supported. 
Proposal #9: Joint feedback of {HARQ, SL-RSRP for open-loop power control} is supported for groupcast HARQ feedback Option 1.


[image: ]
(a) Each receiver UE uses a separate PSFCH for HARQ ACK/NACK
[image: ]
(b) A subset of RX UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
Figure 6. Joint feedback of HARQ and SL-RSRP for groupcast HARQ feedback Option 2
Option 2 of groupcast HARQ feedback: RX UE transmits HARQ ACK/NACK
In this option, it has been agreed RAN1 supports each RX UE having a separate PSFCH for HARQ ACK/NACK. In Figure 7(a), resources for ACK/NACK and RSRP feedback are separate, assuming there are 4 UEs in the group. There is an FFS issue about whether to support the configuration of all or a subset of RX UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission. In our view, this configuration should be supported to enable the joint feedback of HARQ and SL RSRP. Figure 7(b) gives an example that RX UEs who are within the same RSRP range share a PSFCH for ACK transmission and another PSFCH for NACK transmission.
Proposal #10: In groupcast HARQ feedback Option 2, the configuration of all or a subset of RX UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission is supported. 
Proposal #11: In groupcast HARQ feedback Option 2, it is supported RX UEs belonging to the same subgroup of RSRP ranges share a PSFCH for ACK transmission and another PSFCH for NACK transmission.
Proposal #12: Joint feedback of {HARQ, SL-RSRP for open-loop power control} is supported for groupcast HARQ feedback Option 2.
Joint feedback of HARQ and TX-RX distance
In Section 3.1.3, joint feedback for HARQ and SL-RSRP is discussed. The design can be reused for joint feedback of HARQ and TX-RX distance if the knowledge of TX-RX distance is considered needed at the TX UE. In this case, the term RSRP in Figures 6 and 7 is replaced with the term of TX-RX distance.
Proposal #13: Joint feedback of {HARQ, TX-RX distance} is supported for groupcast if the knowledge of the TX-RX distance is considered needed at the TX UE. 
Mapping rule for radio resource of PSFCH
In RAN1#97, the following PSFCH resource mapping rule based on the resource of PSSCH has been agreed.
	Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)



Also the following proposals were agreed in the email discussion [98b-NR-21]:
	Proposal 1:
· 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
Proposal 2:
· 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
Proposal 4:
· 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.


Mapping with RX UE ID for Option 2 groupcast HARQ feedback
According to SA specification TS 22.186, groupcast shall be able to support communication between a specific UE and up to 19 other UEs. See below.
[R.5.2-002] For Vehicle Platooning, the 3GPP system shall be able to support reliable V2V communications between a specific UE supporting V2X applications and up to 19 other UEs supporting V2X applications.
The question is whether the resource for PSFCH is sufficient when there are 19 ACK/NACK feedback in Option 2 of groupcast HARQ feedback. According to the LS reply from RAN4 [3], the minimum subchannel size should be 10 PRBs. We assume 
· The channel structure of PUCCH format 0 is used for PSFCH
· A=6 orthogonal sequences among the total 12 orthogonal sequences are used
· Period of PSFCH is N=4 slots
· The size of a subchannel is B=12 PRBs
In this case, PUCCH format 0 in a PRB can accommodate ACK/NACK feedback of A/2 = 3 UEs, and PSSCH in a subchannel is allocated with B/N = 3 PRBs per PSFCH resource. Therefore, when the PSSCH takes one subchannel, the corresponding PSFCH resource can support ACK/NACK feedback of 3×3=9 UEs. If there are more than 9 UEs in the group, a minimum value of subchannels occupied by the PSSCH is required when performing resource allocation of PSSCH. For example, when the number of UEs in the group is no more than 9, the minimum number of subchannels for PSSCH is 1; when the number of UEs in the group is more than 9 but no more than 18, the minimum number of subchannels for PSSCH is 2, and so on.
Observation #5: The resource for PSFCH is sufficient even at the situation of 19 ACK/NACK feedback in groupcast HARQ feedback Option 2. 
Proposal #14: To support a sufficient resource of PSFCH for a large number of ACK/NACK feedbacks in groupcast HARQ feedback Option 2, a minimum number of subchannels for PSSCH w.r.t. the number of ACK/NACK feedbacks is used.
Conclusion
In this contribution, some remaining issues on power control and HARQ procedures in V2X were discussed. The following proposals and observations were given in the paper.
Observation #1: When open-loop power control is supported for groupcast, the reception quality of non-groupcast (i.e., broadcast and unicast) is better than the situation when the open-loop power control is not supported for groupcast and the transmit power of groupcast is equal to the configured maximum transmit power.
Observation #2: When open-loop power control is supported for groupcast, the SINR of groupcast can be lower than the SINR when the open-loop power control is not supported for groupcast. However, the communication quality of groupcast is not hurt if the open-loop power control works normally.
Observation #3: It is difficult to use ‘configured maximum transmit power’ as a replacement of open-loop power control in a real system.
Proposal #1: For groupcast, it is supported the pathloss between the TX UE and the RX UE(s) is known to the TX UE. The TX UE adjusts the transmit power based on the knowledge of pathloss.
Proposal #2: For open-loop power control in groupcast based on the pathloss between TX UE and RX UE(s), the TX UE transmits the pilot signal, and the RX UE reports the Layer-3 SL-RSRP to the TX UE.
Proposal #3: For open-loop power control in unicast and groupcast, if the TX UE is in-coverage, the TX UE derives the transmit power based on the pathloss between the TX UE and gNB before the SL-RSRP from RX UE is available; otherwise, the TX UE performs transmission based on the maximum transmit power or a (pre-)configured power level. 
Observation #4: Power boosting for PSCCH over PSSCH is incompatible with Option 3 of PSCCH/PSSCH configuration.
Proposal #4: There is no power boosting for the EPRE of PSCCH over the EPRE of PSSCH. To guarantee the coverage of PSCCH is not shrunk in NR V2X w.r.t. LTE V2X, the code rate for PSCCH in NR V2X can be adjusted accordingly. 
Proposal #5: CBG is not supported for Rel-16 NR V2X.
Proposal #6: In Rel-16 NR V2X, HARQ multiplexing and HARQ bundling is not used.
Proposal #7: For SL-RSRP report of RX UEs in groupcast, RX UEs are grouped based on the ranges of measured SL-RSRP. Those RX UEs belonging to the same subgroup share a resource for SL-RSRP feedback.
Proposal #8: In groupcast HARQ feedback Option 1, the configuration of a subset of the RX UEs share a PSFCH is supported. 
Proposal #9: Joint feedback of {HARQ, SL-RSRP for open-loop power control} is supported for groupcast HARQ feedback Option 1.
Proposal #10: In groupcast HARQ feedback Option 2, the configuration of all or a subset of RX UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission is supported. 
Proposal #11: In groupcast HARQ feedback Option 2, it is supported RX UEs belonging to the same subgroup of RSRP ranges share a PSFCH for ACK transmission and another PSFCH for NACK transmission.
Proposal #12: Joint feedback of {HARQ, SL-RSRP for open-loop power control} is supported for groupcast HARQ feedback Option 2.
Proposal #13: Joint feedback of {HARQ, TX-RX distance} is supported for groupcast if the knowledge of the TX-RX distance is considered needed at the TX UE. 
Observation #5: The resource for PSFCH is sufficient even at the situation of 19 ACK/NACK feedback in groupcast HARQ feedback Option 2. 
Proposal #14: To support a sufficient resource of PSFCH for a large number of ACK/NACK feedbacks in groupcast HARQ feedback Option 2, a minimum number of subchannels for PSSCH w.r.t. the number of ACK/NACK feedbacks is used.
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