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1. Introduction
This contribution is updated based on the contribution submitted in R1-1910134.

In RAN-1 #96bis meeting, the topics relevant to study of physical layer procedures in NR-V2X have been agreed [1], as follows:
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In RAN-1 #97 meeting, the topics relevant to study of physical layer structure in NR-V2X have been agreed [2], as follows:
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In the physical layer structure [2], it has been concluded for further study of PSFCH transmission and reception, as follows:

[image: image3]
In this contribution, in order to efficiently realize HARQ feedback, the (pre-)configuration of resource pool dedicated to PSFCH and the activation of the multiple resources by PSCCH are newly considered. This new mechanism enables to feedback HARQ signals over the multiple PSFCH resources, and avoids the PSFCH resource collision, and meanwhile, offers the transmit diversity gain and improves the HARQ feedback reliability.
2. PSFCH Resource Design
The PSFCH resource pool dedicated to PSFCH is (pre-)configured, in which any UE enables to access PSFCH resource for HARQ feedback. It has been agreed in RAN-1 #97 meeting [2] that, the resource selected for PSFCH, coupled with the resource for PSSCH, is implicitly indicated by SCI over PSCCH. Once a transport block (TB) is groupcasted over PSSCH, the relevant SCI over PSCCH has to be delivered ahead where the resource of PSFCH is indicated, with the time gap between PSCCH and associated PSFCH. Rx UEs make the reception of SCI and its associated TB, and detect whether it is in error. Only if Rx UE detects the received data in error, the corresponding HARQ feedback with a negative acknowledgement (NAK) only, using the indicated PSFCH resource shared among all Rx UEs, is triggered, in case that the sidelink HARQ feedback relies on option-1 in the HARQ procedure [3]. In this case, the information of (pre-)configuration for PSFCH resource pool and the indication of SCI for PSFCH resource can be summarized as
· (Pre-)configuration: The PSFCH resource pool is (pre-)configured with the resource set of 
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, and M is the total number of resources in the PSFCH resource pool (or the total number of elements in the resource set), and M may be configured with 32 or 64, for instance.
· Indication in SCI: The selected PSFCH resource is implicitly activated with the index m.
There are two issues remained in the PSFCH resource selection and HARQ NAK transmission and reception.

In RAN-1 #97 meeting [2], it also has been agreed that, the sequence-based PSFCH format should be considered with the sequence of PUCCH format 0 as the starting point. The PUCCH format 0 applied for PSFCH design relies on the non-coherent detection, which requires the non-coherent on-off keying (OOK) detection. In such a case, an adaptive SNR based threshold is required. This means that no single receiver could achieve these best BLERs under varying SNR conditions unless it had an adaptive threshold. How to find out a proper threshold for this non-coherent OOK detection is the one issue we need to resolve.

In RAN-1 #97 meeting [2], it has been agreed in the PSFCH resource selection that, the implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, based on the parameters, such as slot index associated with PSCCH/PSSCH/PSFCH, and sub-channel(s) associated with PSCCH/PSSCH. Since the PSFCH resource is autonomously selected by each Tx UE, from the limited number in the PSFCH resource pool or resource set, the resource collision is inevitable. This is the other issue we need to resolve.
In what follows, we describe the details first on the issue of the non-coherent OOK detection, and then on the PSFCH resource selection. The proper solutions will be proposed accordingly.
2.1. Issues and Solutions in Non-coherent OOK Detection

In theory, the non-coherent OOK is the worst-performing and the most difficult to analyze, since the optimum threshold varies with SNR. To demonstrate the change in the optimum threshold, six CDF/CCDF graphs, plotted as a function of the normalized receive power in the various SNRs per antenna with the range between -16dB and 4dB, are shown in Figure 1, based on the link level simulation with the simulation assumption listed in Table 1, Annex. 
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Figure 1: CDF/CCDF as a function of the normalized receive power with the SNR range between -16dB and 4dB, in case of one UE HARQ transmission.
In Figure 1, it is assumed that only one UE performs its HARQ feedback relying on Option-1; namely UE transmits NAK only if it detects the received TB in error, and otherwise, UE transmits nothing. Theoretically, the optimum threshold for non-coherent OOK detection relies on the following factors:
· SNR or the received power and noise (plus interference if appears);
· The probability of NAK occurrence;

· The number of UEs transmitting NAKs, who are sharing the same PSFCH.
By assuming that the receiver is aware of all of the above information, the receiver enables to acquire the optimum threshold, 
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, as illustrated in Figure 2.
In order to intuitively understand how HARQ NAK error incurs, we divide the error into three types as depicted in Figure 2:
· NAK error rate, 
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: UE receives NAK once nothing is transmitted;

· NAK error rate costs unnecessary retransmission, and degrades the sidelink efficiency.

· NAK missing rate, 
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: UE detects nothing once a NAK is transmitted;

· NAK missing rate degrades the reliability of sidelink, i.e., PRR.
· NAK overall error rate, 
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Figure 2: Theoretical optimum threshold for non-coherent OOK detection, and related error rates, in case of SNR=-8dB.
With the optimum threshold, theoretically, the three types of error rate as a function of SNR are identical, that is verified by the simulation shown in Figure 3, where three curves are completely overlapped to each other.
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Figure 3: NAK error rate, NAK missing rate and overall error rate as a function of SNR, with the optimum threshold.
Realistically speaking, this is feasible in fully controlled PUCCH due to the awareness of information required by OOK reception in gNB. For instance, UE periodically sends SR to gNB based on PUCCH format-0. Therefore, there is no problem for gNB to set up a proper threshold for non-coherent OOK detection. However, in case of PSFCH with Option-1, all of them are unknown by Tx UE, who are facing unsolvable difficulty in finding and adapting the proper threshold during the reception.
In reality, a fixed threshold can be predetermined merely based on the estimated noise level that ensures the NAK error rate, 
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, under the accepted constant level. In addition, NAK missing rate detected by Tx UE is dependent on how much the power receives and how much deep channel fading experiences, which can be improved by involving the diversity transmission with the multiple PSFCH resources discussed in section 2.2.
Therefore, it is reasonable that Tx UE sets up a constant threshold based on the measured noise level, so as to keep NAK error rate to be 
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, with the following reasons:

· Keeping NAK error rate to be constant is equivalent to guaranteeing the unnecessary retransmission, and ensuring the sidelink efficiency;
· NAK error rate is only associated with the threshold, not relevant to SNR, the probability of NAK occurrence, and the number of UEs transmitting NAK;

· It facilitates the non-coherent OOK detection and realizes the Option-1 based HARQ feedback if PUCCH format 0 is reutilized.
It is worthwhile noting that this threshold setting is up to implementation, without any specification work. However, it should be noticed with a certain NAK error rate in RAN4 test for the purpose of PSFCH performance evaluation.
By setting the threshold (relevant to ensuring 
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), we further perform the link level simulation to investigate the performance of non-coherent OOK detection, in terms of NAK missing rate, 
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, as well as overall error rate, 
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. Figure 4 shows the NAK missing rate, and overall error rates (including the overall error rate with the optimum threshold for comparison) as a function of SNR, by setting the threshold, which ensures NAK error rate of 
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. It can be observed that setting a constant threshold can achieve the better overall error rate, with less than 1dB degradation compared to ideally adapting the threshold.
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Figure 4: NAK missing rate, overall error rate and overall error rate as a function of SNR, by setting the threshold, which ensures NAK error rate of 
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Observation-1: In reality, the optimum threshold for PSFCH non-coherent OOK detection is not feasible, and setting a constant threshold can achieve the better overall error rate, with less than 1dB degradation compared to ideally adapting the threshold
Proposal-1: Tx UE sets up a constant threshold for PSFCH based on the measured noise level (ensure NAK error rate), in order to facilitate the non-coherent OOK detection and realize the Option-1 based HARQ feedback if PUCCH format 0 is reutilized.
2.2. Issues and Solutions in PSFCH Resource Selection

In RAN-1 #97 meeting [2], it has been agreed that, for the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported. Combining the previous agreement, therefore, N could be 1, 2, and 4. In addition, it has been concluded for further study of PSFCH transmission and reception, especially for Case 2 (PSFCH TX to multiple UEs), that a UE received SCI from different UEs and the associated PSFCHs appear in the same slot. Here, we raise at least two issues that need to be solved before consolidating the Option-1 based sidelink HARQ process.
· First issue: According to the achievable NAK overall error rate, PSFCH works at SNR = 0dB per receive antenna. Compared to the SNR work point of PSCCH at SNR = -5dB, the transmission mechanism with multiple sequences is necessary. However, how to design this mechanism to harvest SNR gain and diversity gain is still an issue.
· Second issue: In PSFCH resource pool, the number of frequency/code resources should be limited. For example, the maximum number of PUCCH format-0 based resources in PUCCH resource set 0 can be configured up to 32 [5]. In reality, the maximum number of PSFCH in the resource pool may be (pre-)configured to 16 or 32. This results in the resource collision once more than two Rx UEs autonomously select the PSFCH resources although the implicit mechanism by means of slot index and sub-channel can be utilized to reduce the collision probability.
· In reality, the format-0 based PSFCH works well at SNR = 0dB per receive antenna. It could work well around SNR = -5dB if multiple resources are involved in PSFCH. This means that the SFCI over PSFCH can reach fairly far away (e.g., a few kilometers), resulting in a high possibility of NAK signals that always present with the (pre-)configured PSFCHs. This incurs the huge unnecessary retransmissions in sidelink.

· To fulfil the stringent reliability in NR-V2X, this avoidance of PSFCH collision has to be seriously taken into account.
2.2.1. Multiple Resources Dedicated to PSFCH (from Tx UE Perspective)
Once the packet arrives, Tx UE transmits the SCI message over PSCCH and its associated TB over PSSCH to the group Rx UEs, where the SCI activates PSFCH resource(s). From Tx UE perspective, how many PSFCH resource(s) needs to be dedicated or activated to Rx UEs is the first issue.
To solve the first issue, we consider the SFCI transmission over PSFCH with 
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 multiple resources, from Rx UE. In the reception, Tx UE considers four algorithms, termed as Alg-1, Alg-2, Alg-3, and Alg-4.
· Alg-1: A normal non-coherent OOK detection algorithm with one PSFCH resource, i.e., 
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, as described above, is utilized for the comparison purpose.
· Alg-2: By non-coherently combining all the PSFCH resources, Tx UE judges whether it receives NAK or not. The number of PSFCH resources, 
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, with the uncorrelated fading channels, are independently selected to transmit the same NAK signal by Rx UE if it receives the TB in error.
· In this case, Tx UE makes its retransmission when it detects its corresponding NAK on the associated PSFCH.
· Alg-3: Based on the individual PSFCH detection on individual PSFCH resource, Tx UE judges whether it receives NAK or not. The number of PSFCH resources, 
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, with the uncorrelated fading channels, are independently selected to transmit the same NAK signal by Rx UE if it receives the TB in error.
· In this case, there is no non-coherently combining taken place, and Tx UE makes its retransmission as long as it detects at least one corresponding NAK among its activated PSFCH resources.
· Alg-3 has the same PSFCH resources as Alg-2 utilized by Rx UE, which are independently selected. This type of resources enables to achieve both diversity and SNR gains.
· Alg-4: By coherently combining all the PSFCH resources in the same RB but neighbour symbols, Tx UE judges whether it receives NAK or not. The number of PSFCH resources in the same RB but neighbour symbols, 
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, are selected to transmit the same NAK signal by Rx UE if it receives the TB in error.
· In this case, Tx UE makes its retransmission when it detects its corresponding NAK transmitted on the associated PSFCH.
· Alg-4 has the different PSFCH resources, which only enables to achieve SNR gain.
Figure 5 and Figure 6 show the NAK missing rate and the overall error rate as a function of SNR, by setting the threshold, which ensures NAK error rate 
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, respectively. Two observations can be made as follows:
· From the perspective of overall performance, the SNR gain by 
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 is about 3dB at the error rate of 
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 is about 6dB. Therefore, if we expect to keep the SNR work point at -5dB, the number of PSFCH resource (or sequences) should be 4, i.e., 
[image: image34.wmf]4

E

M

=

.

· Alg-2 and Alg-3 show the better performance, although Alg-3 experiences the slight degradation. However, Alg-4 shows the worse performance if the error rate is expected to be lower than 
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Figure 5: NAK missing rate and overall error rate as a function of SNR, by setting the threshold, which ensures NAK error rate 
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Figure 6: NAK missing rate and overall error rate as a function of SNR, by setting the threshold, which ensures NAK error rate 
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Observation-2: Increasing the number of PSFCHs achieves the better performance, i.e., with ME = 2, the gain is about 3dB, and with ME = 4, the gain is about 6dB. In addition, Alg-2 and Alg-3 show the better performance, that requires the uncorrelated PSFCH channels.
Proposal-2: If expecting to keep the SNR work point at -5dB, the number of PSFCH resource (or sequences) should be 4. In addition, the resource sequences dedicated to PSFCH should be distributed or interleaved in both frequency domain and time (symbol) domain, in order to harvest both SNR and diversity gains.
2.2.2. Multiple Resources Selected for PSFCH (from Rx UE Perspective)
Once Rx UE receives the TB, Rx UE detects the SCI and obtains the information of activated PSFCH resources, which is utilized for HARQ NAK feedback if the TB is detected in error. However, the resource activation by Tx UE and selection by Rx UE for HARQ feedback discussed above properly works in case of single Tx UE. If more than two Tx UEs deliver the data packets in the same slot, and autonomously activate the same (pre-)configured PSFCH resource for HARQ feedback, the resource collision with a fairly high probability could incur. This belongs to the second issue, resulting in unnecessary retransmission in HARQ process.
To mitigate such a collision, we propose to keep the multiple PSFCH resource for activation, by which, each Tx UE autonomously activates 
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 multiple PSFCH resources by SCI, from the PSFCH resource pool (pre-)configured with M PSFCH resources. Then the Rx UE picks up one or more resources among the activated 
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 resources for HARQ feedback if it receives the packet(s) in error. Rx UE can behave as follows:
· The feedback Rx UE as UE behavior picks up either the full or the part of resources for HARQ NAK transmission (i.e., subset of resources dedicated for each PSFCH) according to the received SCIs from multiple Tx UEs, and ensure the collision free PSFCH transmissions associated with multiple Tx UEs in the same slot.
· If multiple Tx UEs are activated with the same resource(s) within 
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 multiple PSFCH resources, that resource(s) has to be excluded for HARQ NAK transmission.
· Tx UE can detect the associated PSFCH, relying on any one of algorithms from Alg-2, Alg-3, and Alg-4, However, the detection algorithm taken by Tx UE is up to UE implementation.

· With any reception algorithm, Tx UE is not aware of which PSFCH resources are picked up by Rx UE for HARQ NAK transmission.

The reason for Rx UE to select the part/full of resources from the multiple activated resources is to reduce the probability of the collision with the same PSFCH resource. With the (pre-)configured parameters of M and 
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, the number of combinations of selecting 
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 elements from a set of M elements can be described as
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Compared to the case of 
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, therefore, the full collision probability with 
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, for instance, the full collision probability can be significantly reduced by a factor of 7.

It should be noted that, the index of PSFCH resource in PSFCH resource pool is different from the index of PSFCH resources activated by Tx UE. However, both indices are transparent to each other, simply relying on either a mapping table, or a formula, fully predetermined. In other words, the PSFCH resource pool can be considered as the original PSFCH resource set, while all combinations of PSFCH resources possibly activated by Tx UE from the original PSFCH resource set can be considered as the extended PSFCH resource set, termed as 
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 in the subset of PSFCH resources should be (pre-)configured.
For more details, some assumptions are considered as follows:
· Tx UE-i transmits the data packet over PSSCH with the associated PSCCH ahead, which activates the subset of PSFCH resources, 
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 elements, for HARQ feedback, where 
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, and I is the total number of Tx UEs in the current slot, and 
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· For the sake of simplicity but without loss of generality, Rx UE receives the 
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. Therefore, Rx UE has to pick up the part/full of PSFCH resources from the resource subsets 
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 activated by Tx UEs, and feedback the HARQ NAKs to the corresponding 
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Note that, it is more realistic for Tx UE to autonomously activate the partially overlapped PSFCH resources, i.e., 
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. Moreover, it is reasonably assumed that the SCIs transmitted from multiple Tx UEs are always detectable by Rx UE, so that all Rx UEs are aware of the PSFCH resource subsets activated by I Tx UEs.
The selection procedure of PSFCH resources by Rx UE is up to the UE implementation, but needs to follow up the rule that; Rx UE is to pick up the PSFCH resources of 
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Subsequently, each Tx UE detects the corresponding HARQ signals over its multiple activated PSFCH resources based on either one of Alt-2, Alt-3, Alt-4, and makes its retransmission. Note that, Tx UE is not aware of which PSFCH resources are picked up by Rx UE for HARQ NAK transmission.
Figure 7 gives an example with three Tx UEs (Tx UE-1, Tx UE-2, and Tx UE-3) delivering three data packets in the same slot, and simply activating the subsets of PSFCH resources each with two (pre-)configured elements, where some element is overlapped between the subsets. Three subsets are denoted as 
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Note that, the resources in 
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In reality, the PSFCH resources should be more randomly picked up by Rx UEs, due to the autonomous resource selection. Moreover, Rx UE-4 is aware of all activated PSFCH resource sets, due to the detectable SCIs. This offers much high freedom for Rx UE-4 to properly select the PSFCH resources for its corresponding HARQ feedback.
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Figure 7: Three Tx UEs deliver the data packets in the same slot, and autonomously activate the overlapped PSFCH resources in between.
Two phases are considered to complete the data packet transmission conveyed on PSSCH+PSCCH, and the HARQ feedback conveyed on PSFCH.
· Phase-1: Tx UE-1, Tx UE-2, and Tx UE-3 individually transmit three SCI messages over PSCCHs and their associated TBs over three PSSCHs to Rx UE-4, once the packet arrives, based on mode-2, as an initial transmission in the same time slot. UE-4 decodes the TBs received on the sub-channels, according to the order of SCI and then associated TB.
· Rx UE-4 succeeds the decoding of all SCIs over PSCCHs, but fails the TBs over PSSCHs from Tx UE-1 and Tx UE-2.
· Based on the SCI decoding, Tx UE-4 is aware of the activated PSCCH resource subsets from three Tx UEs.
· Phase-2: Tx UE-4, based on the decoded TB status, feedbacks corresponding HARQ NAKs to Tx UE-1 and Tx UE-2 through the activated PSFCHs.
· Rx UE-4 selects the PSFCH resources from the set of 
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 because it has been activated by Tx UE-3 as well. This eliminates the PSFCH resource collision, and avoids the unnecessary TB retransmission.
· The HARQ NAK transmission takes place on the PSFCH resources of 
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· The benefit of transmitting the same HARQ NAK on three PSFCH resources is to provide the transmit diversity gain.
It should be emphasized that, the feedback UE should select the PSFCH resources as many as possible, from the perspective of transmit diversity. For example, if Rx UE-4 receives all the TBs in error from three Tx UEs, it transmits a single HARQ NAK on all the available PSFCH resources, regardless of the status of PSFCH resources overlapped or not. Consequently, the reliability of NAK feedback corresponding to all the Tx UEs is improved due to the multiple feedback resources dedicated to single NAK feedback, which achieve the transmit diversity gain.
As described before, Tx UE is not aware of which PSFCH resources are picked up by Rx UE for HARQ NAK transmission. This means that, if Rx UE excludes the PSFCH resources for its HARQ, Tx UE will detect noise only. Such an impact needs to be carefully evaluated based on the previous four non-coherent OOK detection algorithms.

The related evaluation is based on the link level simulation, relying the same assumption as listed in Table 1, where Tx UE always activates either 2 or 4 PSFCH resources (or RBs) with 
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, while Rx UE enables to selects either 1, 2, or 3 resources (or RBs) for HARQ feedback.
Figure 8 demonstrates the NAK missing rate and overall error rate as a function of SNR, by setting the constant threshold, which ensures NAK error rate 
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, and only 1 resources (or 1 RB) selected for SFCI transmission. Note that, for Rx UE, the full resource selection with 2 RBs is already shown in Figure 5.
It can be observed that, Alg-3 has much less degradation as opposed to Alg-1, while Alg-4 has much severer degradation due to 3dB SNR loss from coherent combining.
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Figure 8: NAK missing rate and overall error rate as a function of SNR, by setting a constant threshold, which ensures NAK error rate 
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Figure 9, Figure 10, and Figure 11 demonstrate the NAK missing rate and overall error rate as a function of SNR, by setting the constant threshold, with 
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, and 1, 2, and 3 resources selected for SFCI transmission, respectively. Note that, for Rx UE, the full resource selection with 4 RBs is already shown in Figure 6.
It can be observed from the overall performance that, Alg-3 shows much better performance, while Alg-4 shows much worse performance, especially in case of selecting one PSFCH resource for HARQ due to 6dB SNR loss from coherent combining.
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Figure 9: NAK missing rate and overall error rate as a function of SNR, by setting a constant threshold, which ensures NAK error rate 
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, and only 1 RB selected for SFCI transmission.
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Figure 10: NAK missing rate and overall error rate as a function of SNR, by setting the threshold, which ensures NAK error rate 
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, and 2 RBs selected for SFCI transmission.
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Figure 11: NAK missing rate and overall error rate as a function of SNR, by setting a constant threshold, which ensures NAK error rate 
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In the PSFCH resource configuration by high layer, the resource activation by Tx UE, and the resource selection by Rx UE, RAN1 needs to distinguish for Option-1 based HARQ feedback, what should be configured and specified, and what should be up to implementation. We summarize it as follows:
Each PSFCH resource is (pre-)configured as:
· The maximum number of PSFCH resources in each PSFCH resource pool, 
[image: image107.wmf](max)

P

M

, is predetermined. For example, 
[image: image108.wmf](max)

32

P

M

=

.
· Each PSFCH resource is (pre-)configured with PSFCH resource ID, with the ID of 
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· The number of symbols dedicated for PSFCH pool, 
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· The number of sequence based resources, each with individual cyclic shift, allocated in each PSFCH subset, 
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· Each PSFCH subset is (pre-)configured with PSFCH resource subset ID, which is utilized to activate the PSFCH resources for HARQ feedback.

· In order to maximize the transmit diversity gain, the PSFCH resources activated by Tx UE should be kept as independently as possible without any correlation, for example in the frequency domain other than in the code domain or time domain.
· Each sequence based resource is independently (pre-)configured with the index of PRB, the index of symbol, and the index of cyclic shift. Thus, 
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 sequence based resources allocated in each PSFCH can be independently configured.
The PSFCH resource activation by Tx UE is up to Tx UE implementation, by means of PSFCH resource subset ID encapsulated in SCI over PSCCH.
The PSFCH resource selection by Rx UE belongs to UE behaviour, but its rule needs to be specified, similar to what mode-2 resource selection does.
Observation-3: The activation of multiple PSFCH resource subset by Tx UE and the selection of part or full PSFCH resources from the activated resource subset by Rx UE can significantly mitigate the probability of PSFCH resource collision, so as to reduce the unnecessary HARQ based retransmission.

Observation-4: The activation of multiple PSFCH resource subset by PSCCH can achieve the transmit diversity gain, and improve the reliability of HARQ feedback channel.
Proposal-3: It is supported to specify the PSFCH resource subset with (pre-)configured parameter of ME, and specify the activation procedure from Tx UE perspective.
Proposal-4: Similar to mode-2 resource selection procedure, it is supported to specify the selection procedure for HARQ NAK feedback from Rx UE behaviour perspective.
3. Conclusion
In this contribution, in order to efficiently realize HARQ feedback, the (pre-)configuration of resource pool dedicated to PSFCH and the activation of the multiple resources by PSCCH have to be newly proposed. This new mechanism enables to feedback HARQ signals over the multiple PSFCH resources, and avoids the PSFCH resource collision, and meanwhile, offers the transmit diversity gain, and improves the HARQ feedback reliability. The following observations and proposals should be taken into account.
Observation-1: In reality, the optimum threshold for PSFCH non-coherent OOK detection is not feasible, and setting a constant threshold can achieve the better overall error rate, with less than 1dB degradation compared to ideally adapting the threshold
Observation-2: Increasing the number of PSFCHs achieves the better performance, i.e., with ME = 2, the gain is about 3dB, and with ME = 4, the gain is about 6dB. In addition, Alg-2 and Alg-3 show the better performance, that requires the uncorrelated PSFCH channels.

Observation-3: The activation of multiple PSFCH resource subset by Tx UE and the selection of part or full PSFCH resources from the activated resource subset by Rx UE can significantly mitigate the probability of PSFCH resource collision, so as to reduce the unnecessary HARQ based retransmission.

Observation-4: The activation of multiple PSFCH resource subset by PSCCH can achieve the transmit diversity gain, and improve the reliability of HARQ feedback channel.

Proposal-1: Tx UE sets up a constant threshold for PSFCH based on the measured noise level (ensure NAK error rate), in order to facilitate the non-coherent OOK detection and realize the Option-1 based HARQ feedback if PUCCH format 0 is reutilized.
Proposal-2: If expecting to keep the SNR work point at -5dB, the number of PSFCH resource (or sequences) should be 4. In addition, the resource sequences dedicated to PSFCH should be distributed or interleaved in both frequency domain and time (symbol) domain, in order to harvest both SNR and diversity gains.
Proposal-3: It is supported to specify the PSFCH resource subset with (pre-)configured parameter of ME, and specify the activation procedure from Tx UE perspective.

Proposal-4: Similar to mode-2 resource selection procedure, it is supported to specify the selection procedure for HARQ NAK feedback from Rx UE behaviour perspective.
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Annex: LLS Simulation Assumptions
The link level simulation is performed based on the simulation assumptions, listed in Table 1. 

Table 1: LLS simulation assumptions.

	Attributes
	Values or Assumptions

	Channel Model
	TDL-B DS=300ns

	Mobility
	70km/h

	Carrier frequency
	6 GHz

	FFT Size
	1024 point

	SCS
	30 kHz

	Antenna configuration
	1x4（SIMO）

	MCS
	OOK

	Channel coding
	Sequence with 12REs

	Payload bits
	1 (NACK)

	Number of PSFCH Resources
	1, 2 or 4

	Number of (independent) RBs
	1, 2 or 4

	Number of NACK Transmission UE
	1


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





A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.


This is applicable for unicast and groupcast including options 1/2.


Sequence of PUCCH format 0 is the starting point.


FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format


FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 


FFS whether to support the following formats


X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).


E.g. X=2


A PSFCH format based on PUCCH format 2


A PSFCH format spanning all available symbols for sidelink in a slot


For the period of N slot(s) of PSFCH resource, N=2 and N=4 are additionally supported.


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.)





Study further whether/how to handle/avoid the following cases for PSFCH transmission and reception:


Case 1 (PSFCH TX/RX overlap): A UE transmitted a PSSCH and received SCI scheduling another PSSCH where PSFCH resources corresponding the two PSSCHs appear in the same slot.


Case 2 (PSFCH TX to multiple UEs): A UE received SCI from different UEs and the associated PSFCHs appear in the same slot.


Case 3 (PSFCH TX with multiple HARQ feedback to the same UE): A UE received multiple SCI from the same UE and the associated PSFCHs appear in the same slot.
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