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Introduction
In the last meeting RAN1#AH1901, some agreements have been achieved w.r.t. resource pool, BWP and RS [1]. In this contribution, we share some further considerations on several issues related to physical layer structure.
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PSFCH


Figure 1. An example of the PSFCH structure
The potential physical layer structure of PSFCH is illustrated in Figure 1. Firstly, for some low latency services, letting PSFCH occupy the last several symbols of a slot (excluding the symbol for guard period) would make a self-contained structure and thus being able to support fast HARQ-ACK feedback. Secondly, placing PSFCH at the end of a slot can easily reuse Uu uplink symbols for PSFCH transmission when NR sidelink shares a carrier with NR Uu. This is more meaningful when the number of available uplink symbols within a NR Uu self-contained slot is small. In this case, reusing these uplink symbols for PSSCH transmission is not efficient since the associated DM-RS would already be a large overhead. It can be more efficient to transmit PSFCH on these uplink symbols. For example, by using a sequence-based SFCI format (e.g. similar with PUCCH format 0), the DM-RS overhead can be completely avoided. 
To improve spectral efficiency, PSCCH, PSSCH and PSFCH can be multiplexed within a slot as shown in Figure 1. Considering that a UE may first receive PSCCH/PSSCH and then transmit PSFCH in one slot, the symbols ahead of PSFCH can serve as the guard period and the AGC symbol. If both the Rx-Tx switching and the AGC can be accomplished within the duration of one symbol, then only one symbol can be reserved for the use of the guard period and the AGC.
Proposal 1: PSFCH can be placed at the end of a slot. Furthermore, the symbol(s) ahead of PSFCH can serve as guard and AGC symbols. 
As for the duration of PSFCH, NR sidelink can be designed to support both short PSFCH and long PSFCH which can be generally seen as counterparts of short PUCCH (PUCCH format 0/1) and long PUCCH (PUCCH format 2/3/4) in NR Uu. Short PSFCH with a small number of symbols can be used to convey information with a small payload, e.g., 1 or 2 bit HARQ-ACK. If measurement and/or CSI feedback is to be supported, the feedback payload size can become large, e.g., when the amount of CSI bits is large or CSI is multiplexed with HARQ-ACK. In this case, long PSFCH with a relatively large number of symbols can be used to accommodate this large payload. Even for feedback of a small payload, long PSFCH can still be used with the target for coverage enhancement. Another motivation to support long PSFCH is to alleviate potential AGC impact from symbol-level PSFCH of which the duration is smaller than a slot. By using slot-level PSFCH which spans the whole slot in the time domain, such impact on AGC of other signals can be completely avoided. As for the AGC impact from PSFCH, more details can be found in the following discussions.
Proposal 2: Both short PSFCH and long PSFCH should be supported in NR V2X.



(a)                                                                                              (b)
Figure 2. PSFCH impact on AGC from UE 1 reception perspective
From the above analysis, the duration of PSFCH can be less than a slot, and also short PSFCH & long PSFCH will have different durations. These features can have their benefits as aforementioned, but also can have an impact on the AGC estimation of other signals. Two examples are provided in Figure 2 to show the potential AGC impact. In LTE V2X, a resource pool can be used for PSCCH and PSSCH transmission. In NR V2X, when transmitting PSFCH, a UE may also need to find a resource pool to transmit it. Therefore, a resource pool in NR V2X can also be used for PSFCH transmission. In Figure 2 (a), it is assumed that a resource pool is shared by UE 1, UE 2 and UE 3. In a certain slot, UE 1 needs to receive PSCCH and PSSCH from some RBs. Within the same slot, UE 2 and UE 3 have PSFCH transmission in some other non-overlapping RBs. From UE 1 reception perspective, these physical channels including PSCCH, PSSCH and PSFCHs all fall into its RF band, and the total received power can vary within the slot due to the presence of symbol-level PSFCHs. Therefore, the conventional AGC estimation based on only the first symbol of the slot will not be accurate. Another example is shown in Figure 2 (b) by taking one slot as a snapshot. It is assumed that multiple resource pools can be configured to a UE like LTE V2X, and all the resource pools are configured to all the three UEs. Although UE 1 is configured with three resource pools, only resource pool i has real transmission, and thus UE 1 needs to receive PSCCH 1 and PSSCH 1 which span the whole slot. UE 2 and UE3 have PSFCH transmission in resource pools j and k respectively. From UE 1 reception perspective, the total received power can vary a lot within a slot since all these resource pools are within its BWP. Therefore, the conventional AGC estimation based on the first symbol of the slot is inaccurate. For UE 1, the AGC estimation in resource pool i has been impacted by PSFCHs of other resource pools. Since the resource pool is configured in a UE-specific manner, even for Figure 2 (a), it can be equivalently seen as an AGC impact from PSFCHs of other UEs’ resource pools.
Observation 1: The resource pool with PSFCH transmission can affect the AGC estimations of other resource pools.
The aforementioned AGC impact will become more noticeable if the power of PSFCH is relatively large. This could happen e.g. when the geographical distance between UEs is relatively small, or when UEs transmit NACK on a common PSFCH resource in groupcast wherein the power of PSFCHs could be amplified due to signal superposition. When the durations of PSFCHs are different within a slot, more power fluctuations can occur and thus the impact on AGC can be more severe. 


Figure 3. An example of aligning durations of PSFCHs 
If the durations of PSFCHs are different within a slot, more than two AGC estimations will be needed to achieve an ideal AGC. This will complicate the AGC estimation and also increase the AGC symbol overhead. If the durations of PSFCHs can be aligned within a slot, the impact on AGC can be alleviated most. For example, if PSFCHs are aligned in Figure 2, UE 1 may choose to perform AGC twice a slot to achieve more accurate AGC. As another example, if PSFCHs occupy the whole slot in the time domain, then PSFCHs will be naturally aligned and conventional AGC can still work well. The example in Figure 3 shows a desired case from UE 1 reception perspective where PSFCH alignment has been achieved. In the last meeting, it has been agreed that the resource pool can consist of non-continuous time resources. Therefore, different resource pools may be multiplexed in a TDM manner. For reception within resource pool l, conventional AGC can be used since resource pool l is not multiplexed with any PSFCH. Although resource pool i is multiplexed with PSFCHs of UE 2 and UE 3 in a FDM manner, the impact on AGC has been alleviated by aligning the durations of PSFCHs between UE 2 and UE 3. Even if UE 1’s implementation can allow to do additional AGC, it only needs to do it twice within a slot. How to achieve PSFCH alignment can be further studied by also taking the ease of PSFCH alignment into account. In resource allocation Mode-1, the alignment may be easier due to the existence of gNB central control. However, more studies are needed in resource allocation Mode-2 where UEs independently determine PSFCH resources. As an example, a UE may decode another UE’s SCI to acquire the duration of PSFCH, and then uses the same PSFCH duration to achieve PSFCH alignment. As another example, the duration of PSFCH can be (pre)configured in a resource-pool-specific manner, which can also facilitate PSFCH alignment. 
Proposal 3: PSFCH alignment within a slot can be considered to alleviate the potential AGC impact from PSFCH.

Resource pool
In the RAN1#AH1901 meeting, the following agreements have been achieved w.r.t. the resource pool.
Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs

For the time domain, it has been agreed that a resource pool can consist of non-contiguous time resources. As for the granularity of the time resources, “subframe” is used in LTE V2X, i.e., the subframe-level resource pool is supported. In NR V2X, at least “slot” should be supported as a time domain granularity to form the slot-level resource pool. Besides, the mini-slot-level or symbol-level resource pool can also be supported. One motivation to support this finer granularity is to achieve better spectral efficiency when NR V2X shares a licensed carrier with NR Uu. Mini-slot or non-slot based transmission has been supported in NR Rel-15. Considering the flexible slot format defined in NR, a slot can have “downlink”, “flexible” and “uplink” symbols multiplexed and thus becoming a self-contained slot. If the symbol-level resource pool is not supported, uplink symbols in such a self-contained slot will never be used by NR sidelink thus inducing a loss in spectral efficiency. Also, it has difficulty to support low latency services since a UE will have to always wait for a pure uplink slot to perform transmission. 
Proposal 4: The mini-slot-level or symbol-level resource pool should be supported at least for coexistence with NR Uu in a shared carrier.
In LTE V2X, up to eight resource pools can be (pre)configured to a particular UE. The similar flexibility should be also supported in NR V2X. When multiple resource pools are (pre)configured to a UE, they should be all within the BWP of that UE.
Proposal 5: Multiple resource pools can be (pre)configured within the BWP of a particular UE.

DM-RS
In the RAN1#AH1901 meeting, the following agreements have been achieved w.r.t. DM-RS.
Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.


According to the agreements, multiple DM-RS patterns can be supported at least in time domain. This is beneficial in terms of supporting different PSSCH durations, different mobility and different numerologies. NR Rel-15 has defined flexible DM-RS patterns applicable to various mini-slot lengths and numerologies. Therefore, at least NR Rel-15 DM-RS patterns can be used as a starting point for time domain DM-RS design. 
Furthermore, it is to be noted that DM-RS in NR V2X should avoid overlapping with the guard period and the AGC symbol in the time domain. It can be straightforward to let DM-RS avoid guard and AGC symbols for its associated PSSCH. For another case, e.g. when PSSCH is multiplexed with symbol-level PSFCH in a FDM manner as shown previously in Figure 2, DM-RS should better also avoid overlapping with the guard and AGC symbols for PSFCH. Otherwise, the performance of channel estimation based on those DM-RS symbols can be compromised due to the AGC impact from PSFCH.
Proposal 6: For PSSCH, NR Rel-15 DM-RS can be used as a baseline and DM-RS symbols need to avoid overlapping with AGC and guard symbols. 

CSI-RS
In the last meeting, it has been agreed to support long-term measurements at least for unicast. However, it has not been determined whether to support CSI acquisition in NR V2X or not. In our view, CSI could be useful at least for unicast where two UEs are not moving too fast. CSI-RS and/or SRS will be needed no matter CSI is acquired based on feedback or reciprocity. Considering functionality similarities and potential overhead saving, it may not be necessary to define both CSI-RS and SRS. For simplicity, CSI-RS is used as the terminology hereafter. CSI-RS is a type of sequence used for CSI measurements. Whereas AGC training signal is a type of sequence targeting for a better AGC estimation. If a common sequence can be used to fulfill both purposes, it would save some physical signal overhead and keep the merits for each. Considering CSI is usually obtained by averaging over a certain period, it can be acceptable to skip some CSI-RS measurements. Therefore, it can be considered to reuse CSI-RS also as AGC training signals, or vice versa. For example, the first several symbols in a slot are used for transmitting some types of sequences. The front symbol(s) can be treated as AGC training signals and used for the AGC estimation. These symbols can also be treated as CSI-RS and used for CSI measurements. This is possible at least when slot-by-slot AGC estimation is not strictly required under some circumstances.
Proposal 7: CSI acquisition is supported at least for NR-V2X unicast.
Proposal 8: CSI-RS symbols can be placed at the beginning of a slot and also serve as AGC training signals. 

Conclusions
In this contribution, we share some views on physical layer structures for NR-V2X. Some design aspects are highlighted. The proposals are summarized as follows.
Proposal 1: PSFCH can be placed at the end of a slot. Furthermore, the symbol(s) ahead of PSFCH can serve as guard and AGC symbols.
Proposal 2: Both short PSFCH and long PSFCH should be supported in NR V2X.
Proposal 3: PSFCH alignment within a slot can be considered to alleviate the potential AGC impact from PSFCH.
Proposal 4: The mini-slot-level or symbol-level resource pool should be supported at least for coexistence with NR Uu in a shared carrier.
Proposal 5: Multiple resource pools can be (pre)configured within the BWP of a particular UE.
Proposal 6: For PSSCH, NR Rel-15 DM-RS can be used as a baseline and DM-RS symbols need to avoid overlapping with AGC and guard symbols. 
Proposal 7: CSI acquisition is supported at least for NR-V2X unicast.
Proposal 8: CSI-RS symbols can be placed at the beginning of a slot and also serve as AGC training signals. 
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