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In RAN1 previous meetings, several aspects of sidelink physical layer procedure were discussed and some key agreements were achieved. In this contribution, based on the achieved agreements, we provide further considerations on NR sidelink physical layer procedure, including sidelink HARQ feedback, sidelink feedback control information (SFCI) content and format, power control mechanism, CSI measurement and reporting. 
Discussion
Sidelink HARQ feedback
1.1.1 HARQ feedback resource determination
It has been agreed to define a physical sidelink feedback channel (PSFCH) to convey sidelink feedback control information (SFCI). Regarding to PSFCH resource determination, the following agreements were achieved in RAN1 Ad-hoc 1901 meeting.
Agreements:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1
Agreements:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS
This subsection analyzes the issues of “who” and “how” to determine the PSFCH resource. 
Who determines the PSFCH resource?
There are three main schemes.
· Scheme 1: Transmitter UE / scheduler UE determines the PSFCH resource. 
Pros: The transmitter UE does not need to blindly decode the SFCI. 
Cons: The PSFCH resource may not be a preferred feedback resource at the receiver UE side, e.g., due to half-duplex problem or occupied by other UEs. 
· Scheme 2: Receiver UE determines the PSFCH resource. 
Pros: The PSFCH resource can be determined by taking into account the receive UE’s status, such as half-duplex problem, and multiple SL HARQ feedback acknowledged to different transmitter UEs. 
Cons: The transmitter UE needs to blindly decode the SFCI. The SFCI payload size may be large because it may be necessary to include UE identity to help receiver UE to identify which feedback information belongs to.
· Scheme 3: Transmitter UE gives a set of PSFCH resources and the receiver UE selects one from the set.
Pros: This is a compromise between scheme 1 and scheme 2. Both transmitter UE and receiver UE’s preferences are taken into account. 
Cons: The transmitter UE still needs to blindly decode the SFCI, but only in the set of PSFCH resources. 
How to determine the PSFCH time resource
The timing relationship between PSSCH and the associated HARQ feedback can be
· Alt T-1: (pre)configured or fixed
· Alt T-2: Flexible (dynamically indicated by SCI)
How to determine the PSFCH frequency resource
The frequency relationship between PSSCH and the associated HARQ feedback can be
· Alt F-1: (pre)configured or fixed
· F-1a: Frequency resource of PSFCH is associated with the associated PSCCH
· F-1b: Frequency resource of PSFCH is associated with the associated PSSCH
· Alt F-2: Flexible (dynamically indicated by SCI)
Regarding to the determination of both time and frequency resource for PSFCH, the simplest way is that PSFCH and the associated PSCCH use the same frequency resource and fixed timing, i.e., Alt T-1 + Alt F-1a (Figure 1). The receiver UE transmits the HARQ feedback in a specific reserved time/frequency resource after the data decoding. The assumptions behind this method are two: 1) The HARQ feedback resource has to be reserved by default; 2) PSFCH and the associated PSCCH always use the same number of RBs, although not flexible enough but easy to implement. For F-1b, the frequency resource of PSFCH can be a subset of the frequency resources used for the associated PSSCH. The specific subset needs to be predefined or indicated to the receiver UE. 
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 Figure 1. PSFCH and the associated PSCCH use the same frequency resource and fixed timing (Alt T-1 + Alt F-1a).
The most flexible way is that the PSFCH time resource and/or frequency resource are dynamically indicated, by including time/frequency resource allocation field(s) in the SCI, or implicitly deriving/indexing from a (pre)configured transmission pattern/table/hash function. 
Figure 2 shows an example of hybrid determination method, in which SCI indicates the timing between PSSCH and PSFCH as well as the PSFCH resource index. Each PSCCH candidate is associated with 4 PSFCH resources (labelled as F_A, F_B, F_C, and F_D). The association between PSCCH candidate and PSFCH resources are (pre)configured. After SCI decoding, the receiver UE knows the timing to transmit HARQ feedback and the exact PSFCH resource in that slot. Specifically, if the receiver UE has detected SCI denoted with solid red, it will know the PSFCH resource is F_A in current slot, or if the receiver UE has detected SCI denoted with dash red, it will know the PSFCH resource is F_D in next slot. 
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Figure 2. Each PSCCH candidate is associated with 4 PSFCH resources (labelled as F_A, F_B, F_C, and F_D).
Furthermore, single or multiple PSFCH resources can be indicated. When multiple PSFCH resources are indicated, one of them can be selected by the receiver UE for transmitting SFCI. If a set of PSFCH resources with limited size is indicated by the transmitter UE, the blind decoding complexity at the transmitter UE is acceptable. To further reduce blind decoding complexity, a possible way is that the receiver UE can select the usable PSFCH resource following a predefined order which is also known at the transmitter UE. For example, the first usable PSFCH resource refers to the available PSFCH resource with the highest priority. It is possible for the receiver UE to determine the usable PSFCH resources by excluding the unavailable PSFCH resources potentially affected by aperiodic traffic from surrounding UE(s) or affected by half-duplex at the receive side. 
Figure 3 gives an example in which two PSFCH resources (F1 and F2) are indicated to the receiver UE. The receiver UE finds that F1 resource is not available due to half-duplex problem. Then, the receiver UE selects F2 resource to transmit SFCI. 
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Figure 3. Multiple PSFCH resources are indicated.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: Single or multiple PSFCH resources can be indicated for transmitting feedback of a PSSCH. If multiple PSFCH resources are indicated, a priority order among the multiple PSFCH resources can be introduced. 
1.1.2 HARQ feedback for groupcast
In RAN 1 Ad-hoc 1901, the following working assumption has been achieved for HARQ feedback in groupcast:
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
· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption
In the following, we will analyze the two options listed in the working assumption for group members sending HARQ feedback.
In option 2, each group member can send ACK or NACK on PSFCH, depending on its decoding results. This provides high reliability for UEs in the group, as the Tx UE can identify the ACK, NACK or DTX for each group member and retransmit the data for NACK and DTX. The cost is that separate PSFCH resources should be allocated for each group member.
In option 1, only NACK is sent and common PSFCH resource can be allocated to the group members within a communication range. This can save PSFCH resource, but the DTX for some group members cannot be identified by the Tx UE, and there will be no retransmission if the other group members are ACK. The reliability will deteriorate in this case. Therefore, the NACK-only based scheme in option 1 should be further evaluated to verify whether it can always achieve over 90 % and over [99.99] % target packet delivery reliability rate in phase I and phase II as given in [1][2], respectively. If not, option 2 should be supported for groupcast in those cases. 
Furthermore, CSI feedback may be supported for groupcast. In this case, the Tx UE can determine whether option 1 or option 2 can be used based on channel condition. On the other hand, when the size of the group is small, option 2 can be also applied, as not too many PSFCH resources are required. Therefore, groupcast shall flexibly support HARQ feedback schemes of both option 1 and 2.
Proposal 2: Confirm the working assumption and support flexible configurability between option 1 and option 2.
1.1.3 HARQ feedback collision
During NR sidelink transmission, some Rx UE may need to receive multiple unicast transmissions from different Tx UEs. For example, a V-UE can receive data/control information from another V-UE. Meanwhile, there is a P-UE connecting to this V-UE via unicast transmission. Thus, it is possible to encounter the case of multiple PSFCHs occurring in the same slot. To solve this issue, we have at least the following three options:
Option-1: Multiplex multiple PSFCHs into a single PSFCH.
Option-2: Enable FDM-ed transmission for multiple PSFCHs.
Option-3: Introduce certain dropping criterion allowing only fixed number of PSFCH transmissions within one slot.
In the future WI stage, more investigations are necessary to study the pros and cons of the three options.
Proposal 3: Identify possible sidelink HARQ-ACK collision scenarios and study the solutions for HARQ-ACK collision issue.
1 
2 
2.1 
Sidelink feedback control information (SFCI) content and format 
PSFCH format design depends on the type of SFCI and the number of bits, i.e., SFCI payload size. 
The already agreed feedback type is HARQ feedback. For NR V2X unicast, if only ≤2 bits HARQ feedback is allowed for one associated PSSCH, PUCCH format 0 and PUCCH format 1 in NR Uu can be reused. If HARQ codebook will be introduced or CBG based HARQ feedback will be supported, the number of bits will be >2, then PUCCH format 2, 3, 4 can be reused. For NR V2X groupcast, NACK-based HARQ feedback scheme has been proposed and common resource for UEs within a group can be used, then PUCCH format 0 and PUCCH format 1 can be reused. 
Other potential feedback types are sidelink (SL) SR and sidelink CSI. SL SR can be used in NR V2X mode 2(d) where UE schedules sidelink transmissions of other UEs. If SL CSI is agreed to be carried by PSFCH, then multiplexing of SL HARQ and SL CSI w/o SL SR on PSFCH needs to be studied and multiplexing between different UCI types on PUCCH in NR Uu can be a starting point. On the other hand, SL CSI can be sent via PSSCH rather than PSFCH, in which case the multiplexing of SL CSI and PSSCH needs to be considered. Either way, it is expected to design a more concise multiplexing rules in NR V2X than NR Uu. 
Also, transmitter and/or receiver UE ID may also need to be carried by the feedback channel to address the misunderstanding issue. Whether the transmitter and/or receiver UE ID are/is explicitly included in the SFCI content or used for scrambling can be further discussed.
As discussed in the above, multiple PSFCH formats should be introduced depending on different SFCI payload size and reliability requirements. Basically, both short and long PSFCH format can be supported. In general, it is desirable to reuse a variety of PUCCH formats as much as possible and minimize the number of PSFCH formats. For short PSFCH format, at least NR PUCCH format 0/2 can be reused. It is noticed that for long PSFCH format, PUCCH format 3, 4 cannot be reused if new DFT-s-OFDM waveform is not supported in NR V2X. Thus, new PSFCH format may need to be defined. 
Proposal 4: Both short and long PSFCH format can be supported. 
Sidelink power control
In last meeting, it was agreed to support sidelink open-loop power control and both sidelink pathloss and Uu pathloss are applied to sidelink open-loop power control [1]. The Uu pathloss can be derived from the transmitter UE’s measurement of SSB or CSI-RS configured by serving gNB. Similarly, the sidelink pathloss can be obtained from the receiver UE’s measurement of sidelink reference signal (SL-RS) RSRP and the known transmission power of the SL-RS, which is transmitted by the transmitter UE. The measured sidelink pathloss can be reported to transmitter UE directly.
Proposal 5: The sidelink pathloss should be measured and reported by receiver UE.
In order to assist the gNB to schedule the sidelink transmission resources to different V2X UEs in an appropriate way, it is important that the V2X UE can report its available power headroom to the gNB. The gNB can use the sidelink power headroom reports (SL-PHRs) to determine how much more sidelink transmission resources per slot a V2X UE is capable of using. This can help to avoid allocating excessive sidelink transmission resources to V2X UEs. Therefore, sidelink power headroom reporting should be studied in NR V2X.
Proposal 6: Study sidelink power headroom reporting in NR V2X.
1.2 CSI measurement and reporting
At least, for groupcast and unicast, it is obligatory to introduce SL-CSI measurement and reporting. For broadcast, it is also beneficial to have CSI feedback if considering the possibly agreed QoS parameter minimum required communication range, which could provide a guidance on the Tx power adjustment.
1.2.1 RS for Sidelink CSI measurement
From the consideration of minimizing specification efforts, we can simply reuse the Uu-SRS design and use it to estimate SL-CSI. But still, some studies should be done on how to use Uu-SRS to measure SL channel estimation as well as SL interference. From another side, it is also possible to design SL CSI-RS exclusively for SL-CSI acquisition. Similarly, the Uu-CSI-RS can be used as a baseline for the design of SL CSI-RS.
Proposal 7: Both Uu-SRS and SL CSI-RS could be used for sidelink CSI acquisition.
1.2.2 Sidelink CSI-reporting types/contents
Compared to Uu-link, NR-V2X sidelink has several fixed overhead and limitations due to the existence of AGC, Tx/Rx switching gap, half-duplex issue, etc., which instead requires to feedback only the critical information. Specifically, we incline to support Uu Type-I-like SL-CSI feedback and only wideband feedback is supported. Besides, considering various service types of sidelink is supported, i.e., periodic and aperiodic. Naturally, NR sidelink should support periodic/aperiodic/semi-persistent CSI feedback similar to the Uu-link.
Proposal 8: Only Uu Type-I-like SL-CSI feedback is considered for sidelilnk.
Proposal 9: Only Wideband CSI feedback is considered for sidelink.
Proposal 10: Periodic/aperiodic/semi-persistent CSI feedback should all be studied.
1.2.3 Beam management for sidelink
Considering the support of FR2 for NR V2X, beam-based transmission is almost doomed to be adopted. Otherwise, we can hardly deal with the coverage issue. Though beam management may not be needed for groupcast and broadcast service, it is critical for unicast service. With appropriate beam management, the spatial properties between two sidelink UEs can be determined. There exist several very useful cases where we can apply beam management. For example, the roadside RSU equipped at a fixed location can execute beam training for the coming and going vehicles. Another applicable case could be a group of cars traveling in the same direction, i.e., platoon etc.
Proposal 11: Both beam management and BFR should be investigated.
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Figure 4. Scenario for sidelink beam management
[bookmark: _GoBack]As shown in Figure 4, three general scenarios can be summarized depending on the sidelink-UE types, e.g., in-coverage UE or out-of-coverage UE:
· Scenario-1: One sidelink-UE is in-coverage UE, the other is out-of-coverage UE.
· Scenario-2: Both sidelink-UEs are in-coverage UE. 
· Scenario-3: Both sidelink-UEs are out-of-coverage UE.
The beam management procedure in such three scenarios could be different and deserves further investigations. Moreover, for tracking beam qualities it is beneficial to support short term RSRP measurement and report on sidelink. 
Once we decide to choose SRS or SL-SSB or SL CSI-RS for SL beam management, it also means SL-TCI should also be introduced. In sidelink, both SCI and PC5-RRC could carry SL-TCI information to indicate the spatialrelationinfo of certain RS(s) or channel(s).
Besides, BFR is also indispensable for beam-based transmission.
Proposal 12: Support short term RSRP measurement and report on sidelink.
Proposal 13: It is beneficial to introduce the concept of SL-TCI, which could be possibly included in SCI or PC5-RRC.
Conclusions
NR sidelink physical layer procedure relate issues are discussed in this document and the following conclusions are proposed:
Proposal 1: Single or multiple PSFCH resources can be indicated for transmitting feedback of a PSSCH. If multiple PSFCH resources are indicated, a priority order among the multiple PSFCH resources can be introduced. 
Proposal 2: Confirm the working assumption and support flexible configurability between option 1 and option 2.
Proposal 3: Identify possible sidelink HARQ-ACK collision scenarios and study the solutions for HARQ-ACK collision issue.
Proposal 4: Both short and long PSFCH format can be supported. 
Proposal 5: The sidelink pathloss should be measured and reported by receiver UE.
Proposal 6: Study sidelink power headroom reporting in NR V2X.
Proposal 7: Both Uu-SRS and SL CSI-RS could be used for sidelink CSI acquisition.
Proposal 8: Only Uu Type-I-like SL-CSI feedback is considered for sidelilnk.
Proposal 9: Only Wideband CSI feedback is considered for sidelink.
Proposal 10: Periodic/aperiodic/semi-persistent CSI feedback should all be studied.
Proposal 11: Both beam management and BFR should be investigated.
Proposal 12: Support short term RSRP measurement and report on sidelink.
Proposal 13: It is beneficial to introduce the concept of SL-TCI, which could be possibly included in SCI or PC5-RRC.
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