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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the last two meetings RAN1#AH1901 and RAN1#96, some agreements have been achieved w.r.t. resource pool, physical channels and RS [1], [2]. In this contribution, we share some further considerations on several issues related to physical layer structure.
[bookmark: _Ref228947482]Discussion
PSFCH
In the RAN1#96 meeting, the following agreements have been achieved w.r.t. PSFCH.
Agreements:
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.



Figure 1. An example of the PSFCH structure

The possible physical layer structure of PSFCH is illustrated in Figure 1. Referring to the above agreement, it is agreed that NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot. By this way, fast HARQ-ACK feedback can be achieved since a slot can have a self-contained structure. Also Uu uplink symbols can be easily reused for PSFCH transmission when NR sidelink shares a carrier with NR Uu. 
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: For the PSFCH format which uses last symbol(s) available for sidelink in a slot, 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. One 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: Besides short PSFCH, long PSFCH can also be considered for 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 RAN1#AH1901 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
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]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

In the RAN1#96 meeting, the following agreements have been achieved to identify the available time resources for sidelink.
Agreements:
· [bookmark: OLE_LINK140][bookmark: OLE_LINK141]For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios
· 

[bookmark: OLE_LINK39][bookmark: OLE_LINK40]In LTE V2X, for FDD mode, the resource pool in time domain is defined by a repeating bitmap except sidelink synchronization subframes. However, for TDD mode, the bitmap can only act on the UL subframes, i.e. can only indicate which UL subframes can be used for LTE V2X. For example, in a bitmap, a bit “1” means that the corresponding subframe is included in this resource pool and can be used for V2X transmission, while “0” means that it is not included in the resource pool and cannot be used for sidelink. Thus, by using this bitmap indication, those subframes used for LTE V2X are composing the time domain resources of a resource pool. Then V2X UE can select resources from resource pool for its transmission. The transmission resource pool selected by the transmitter UE should be consistent with one of the reception pools monitored by the receiver UE, so that the transmitter UE and receiver UE can have same understanding about some information, e.g. time resource and resource index in the resource pool.
Similar to LTE V2X, NR sidelink should use the resource pool as well. To limit the complexity and achieve easy implementation, the bitmap scheme can be reused as a starting point for time domain indication, and only slot-level indication should be considered in Rel-16 considering heavy workload and limited time.  For example, in a bitmap, a bit “1” means that the corresponding slot or a subset of consecutive symbols in this slot are included in the resource pool.


[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 4. Illustration of slot-level bitmap in NR V2X 

Proposal 4: Slot-level bitmap can be considered as a starting point for time domain resource pool indication in NR V2X.
It was agreed that NR V2X can be deployed on both shared carrier between Uu and sidelink, and dedicated sidelink carrier. For shared carrier case, it should be specified which type of time domain resource can be used for sidelink, since a new type “flexible” slot/symbol is defined in NR Uu. In LTE V2X, only UL resource can be used for sidelink to limit the complexity for UE implement and avoid interference. Based on the same consideration, for NR V2X, we propose that at least UL slot/symbol can be used for sidelink transmission, and whether the flexible slot/symbol can be used needs to be further discussed. Thus, based on the above discussion and the agreement of the last meeting, we have the following proposal:
Proposal 5: In shared carrier scenario, at least a UL slot or a subset of consecutive UL symbols in a slot can be used for a sidelink transmission/reception. FFS whether flexible slot/symbol can be used for sidelink transmission/reception.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Unlike LTE, in NR, UE-specific slot format can be additionally configured by RRC dedicated signaling, after the cell-specific slot format is obtained from broadcast information. Then it should be clarified which type of slot format can be based on when configuring the time domain resource pool. In our opinion, if the transmission type is broadcast, only cell-specific configured UL slot/symbol can be included in time domain resource pool to avoid unpredictable misalignment between transmitter and receiver UEs; However, for unicast and groupcast, since the UE-specific slot format can be exchanged between transmitter and receiver UEs during the session establishment procedure or congruously notified by gNB, UE-specific configured UL slot/symbol can be used to provide more resource utilization efficiency for unicast and groupcast.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 6: At least cell-specific configured UL slot/symbol can be included in time domain resource pool and used for sidelink transmission.
· UE-specific configured UL slot/symbol can only be used for unicast and groupcast.
Under the assumption of Proposal 6, from the perspective of effectively configuring sidelink resources, it is beneficial to configure separate resource pools for broadcast and unicast/groupcast. By this way, the bitmap in each resource pool’s configuration IE can correspond to cell/UE-specific slot format respectively, then gNB can perform more efficient resource allocation for each type of transmission. 
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Observation 2: From the perspective of effectively configuring sidelink resources, it is beneficial to configure separate resource pools for broadcast and unicast/groupcast.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]NR V2X need to support low latency traffic, such as 3ms end to end latency. By using semi-statically resource selection from bitmap based resource pool, it may result in extra latency considering the existing of the slots indicated as 0 from bitmap, which cannot be used for sidelink. As shown in Figure 5, when emergency V2X traffic exists, it has to wait for 3 slots since there are no available resource for NR sidelink uses within 3 slots as indicated by bitmap. Thus, the latency will be increased by 3 slots as shown in the figure. Therefore, the method to assure the low latency requirement should be further studied in addition to the bitmap based resource pool indication. One possible approach is, if the semi-statically configured flexible slot/symbol can be used for sidelink, the resources contained in the resource pool can be dynamically increased by re-indicating flexible or the non-contained UL slot/symbol’s type as “sidelink”. A group common PDCCH with SFI-RNTI, for example, can be considered for this kind of notification.
[image: ]
Figure 5. Example of extra latency caused by bitmap indication 

Proposal 7: Some methods to assure the low latency requirement should be further studied, e.g. dynamically increase the time domain resources contained in the resource pool.

DM-RS
DM-RS for PSCCH
It was agreed in RAN1 #94 that DM-RS defined in Rel.15 NR Uu is the starting point for NR sidelink DM-RS. In the last RAN1 meeting, it was agreed that only CP-OFDM is supported in Rel.16 NR sidelink. For the CP-OFDM waveform, the DM-RS design for PDCCH in Rel.15 NR Uu can be the baseline. In Rel.15 NR PDCCH, the DM-RS is mapped to every OFDM symbol in time domain and three REs per RB in frequency domain [3]. Such pattern can be reused for PSCCH.
For DM-RS sequence generation, the initial value of a PDCCH DM-RS sequence can be generated by a UE-specific higher-layer parameter pdcch-DMRS-scramblingID, which can take any value from 0 to 65535 [3]. In contrast to PDCCH, UE has no prior information about DM-RS sequence when receiving a PSCCH. UE performs blind detection of DM-RS sequence with the strongest correlation. If dedicated DM-RS initialization parameter is (pre)configured to each UE, it may result in excessive amount of blind detection attempts. 
On the other hand, collision is inevitable if a UE performs resource allocation mode 2. It is beneficial to assign different DM-RS sequences with good orthogonality for colliding UEs to mitigate collision interference. To distinguish DM-RSs of colliding UEs without overwhelming blind detection, information of UE’s geographical location can be utilized to generate DM-RS sequence. The basic idea is as follows:
· UEs are divided into groups based on location. 
· Sets of DM-RS parameters are mapped to different areas. Proximal UEs belong to the same group will select a parameter from the same parameter set using random selection.
· For further improvement, virtual location index (V-LID) which is derived from relative locations between UEs [4] can be utilized to select a parameter from the correspond set.  
· The selected DM-RS parameter is then used to generate a DMRS sequence.
An example of location-based DM-RS configuration is illustrated in Figure 6. UEs are divided into two groups. For each group, a set of DM-RS parameters is defined. The total number of DM-RS parameters () can be constrained to a value with reasonable blind detection complexity. RAN4 works are required to determine such constrain. UEs belong to the same group (a.k.a, having the same area ID) will select randomly from the corresponding set of DM-RS parameters. The determination of area ID can reuse the Zone_id determination introduced in Rel.14 LTE-V2X [5]. Proximal UEs in the same group usually can prevent collision with each other by sensing procedure. Therefore, it is allowed for them to select the same DM-RS parameter. Distant UEs in different group has high possibility of collision. It is beneficial to make sure that they select different DM-RS parameters. For UEs that are further apart, the interference would be weak even collision happens, the DM-RS parameter set can be reused.  
[image: ]
Figure 6. Example of location-based DMRS configuration

Proposal 8: For PSCCH, the DM-RS mapping pattern of NR PDCCH (3 REs per RB) can be reused. 
Proposal 9: Information of UE’s geographical location can be utilized to generate DM-RS sequence.

DM-RS for PSSCH
In the RAN1#AH1901 meeting, the following agreements have been achieved w.r.t. DM-RS for PSSCH.
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, 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. The design of DM-RS patterns should take these into account.
Proposal 10: 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 RAN1#96 meeting, the following working assumption on supporting CSI acquisition has been achieved.
Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· [bookmark: _GoBack]NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase

Furthermore, the WID for NR V2X has been approved In RAN#83. According to the WID, CSI acquisition for unicast has been included as one of the objectives. 
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.

To support CSI acquisition, some type of RS is needed for CSI measurements no matter CSI is acquired based on feedback or reciprocity. According to the RAN1#96 agreements, there will be no standalone RS transmission dedicated to CSI reporting. For simplicity, the aforementioned RS is also referred to as CSI-RS hereafter. To achieve non-standalone RS transmission, at least the following alternatives can be considered.
Alt. 1: CSI-RS is always transmitted along with sidelink data.
Alt. 2: DM-RS is reused as CSI-RS.
Alt. 3: Use AGC training signal for better AGC estimation, and reuse this AGC training signal as CSI-RS.
For Alt. 1, “non-standalone” can be achieved by transmitting CSI-RS along with sidelink data. More specifically, a UE can transmit CSI-RS only if it has data to transmit. Alt. 1 requires dedicated resources for CSI-RS, e.g., by sharing resources which could have been allocated to sidelink data. Probably for any transmitted sidelink data, SCI also needs to indicate whether CSI-RS coexists with the data or not.
For Alt. 2, existing RS, i.e., DM-RS, is reused as CSI-RS. By this way, no dedicated resources are needed for CSI-RS and thus saving some physical signal overhead. Based on DM-RS, two functionalities including both channel estimation and CSI estimation can be achieved.
For Alt. 3, AGC training signal is defined and used to achieve better AGC estimation. Also this AGC training signal can be reused as CSI-RS. By reusing AGC training signal, it can also be achieved that no dedicated resources are needed for CSI-RS. The rationale is to use a common design for both functionalities and keep the merits for both. Considering CSI is usually obtained by averaging over a certain period, it can be acceptable to skip some CSI-RS measurements. Also it is possible that slot-by-slot AGC estimation is not strictly required under some circumstances. Therefore, it can be considered to reuse AGC training signal also as CSI-RS, or vice versa. 
Above all, this type of “non-standalone” RS transmission can be realized by all the aforementioned alternatives. Further study is needed to make down-selection among these alternatives.
Proposal 11: For CSI-RS, FFS at least the following alternatives:
· Alt. 1: CSI-RS is always transmitted along with sidelink data.
· Alt. 2: DM-RS is reused as CSI-RS.
· Alt. 3: Use AGC training signal for better AGC estimation, and reuse this AGC training signal as CSI-RS.

Conclusions
In this contribution, we share some views on physical layer structures for NRV2X. Some design aspects are highlighted. The observations and proposals are summarized as follows.
Observation 1: The resource pool with PSFCH transmission can affect the AGC estimations of other resource pools.
Observation 2: From the perspective of effectively configuring sidelink resources, it is beneficial to configure separate resource pools for broadcast and unicast/groupcast.
Proposal 1: For the PSFCH format which uses last symbol(s) available for sidelink in a slot, the symbol(s) ahead of PSFCH can serve as guard and AGC symbols.
Proposal 2: Besides short PSFCH, long PSFCH can also be considered for NR V2X.
Proposal 3: PSFCH alignment within a slot can be considered to alleviate the potential AGC impact from PSFCH.
Proposal 4: Slot-level bitmap can be considered as a starting point for time domain resource pool indication in NR V2X.
Proposal 5: In shared carrier scenario, at least a UL slot or a subset of consecutive UL symbols in a slot can be used for a sidelink transmission/reception. FFS whether flexible slot/symbol can be used for sidelink transmission/reception.
Proposal 6: At least cell-specific configured UL slot/symbol can be included in time domain resource pool and used for sidelink transmission.
· UE-specific configured UL slot/symbol can only be used for unicast and groupcast.
Proposal 7: Some methods to assure the low latency requirement should be further studied, e.g. dynamically increase the time domain resources contained in the resource pool.
Proposal 8: For PSCCH, the DM-RS mapping pattern of NR PDCCH (3 REs per RB) can be reused. 
Proposal 9: Information of UE’s geographical location can be utilized to generate DM-RS sequence.
Proposal 10: 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 11: For CSI-RS, FFS at least the following alternatives:
· Alt. 1: CSI-RS is always transmitted along with sidelink data.
· Alt. 2: DM-RS is reused as CSI-RS.
· Alt. 3: Use AGC training signal for better AGC estimation, and reuse this AGC training signal as CSI-RS.
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