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1. Introduction
In this contribution, we would like to discuss several remaining issues on physical layer structure for sidelink.
2. Discussion
2.1. Time domain resource of sidelink resource pool
The following agreements were made w.r.t. time domain resource of sidelink resource pool.
	Agreements in RAN1#AH1901:
· 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
Agreements in RAN1#98b:
· A slot is the time-domain granularity for resource pool configuration.
· To down-select:
· Alt 1. Slots for a resource pool is (pre-)configured with bitmap, which is applied with periodicity
· Alt 2. Slots for a resource pool is (pre-)configured, where the slots are applied with periodicity. 
· FFS: signaling details
· FFS: how to apply the above bitmap signaling, e.g., to all slots or only to a set of slots 
Agreements in RAN1#99:
· For Rel-16, (normal CP)
· Support 7, 8, 9,…, 14 symbols in a slot without SL-SSB for SL operation
· Target reusing Uu DM-RS patterns for each of the symbol-length, with modifications as necessary
· No other additional spec impact is expected for supporting 7, 8, …, 13 
· # of DM-RS symbols
· 2, 3, 4
· For a dedicated carrier, only 14-symbol is mandatory
· There is a single (pre-)configured length of SL symbols in a slot without SL-SSB per SL BWP.
· There is a single (pre-)configured starting symbol for SL in a slot without SL-SSB per SL BWP.


Issue 1: (pre-)configuration of time domain resource pool 
[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 signal (SLSS) subframes. In case of TDD shared carrier, DL and Special subframes are skipped like SLSS subframes. In other words, 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 a V2X UE can select resources from resource pool for its transmission. 
For NR sidelink, to limit the specification efforts and achieve easy implementation, the bitmap scheme can be reused for time domain indication, and only slot-level indication should be considered in Rel-16 considering heavy workload and limited time. 
Proposal 1: Only slot-level bitmap is considered for time domain resource pool configuration in Rel-16 NR V2X, i.e. Alt 1 is preferred.

Issue 2: how to apply the bitmap signaling 
In LTE-V2X, the bitmap is applied to a set of subframes after excluding the subframes cannot be allocated for PSCCH/PSSCH transmissions, such as SLSS subframes, DL subframes, special subframes and reserved subframes. Similar principle can be used NR-V2X, i.e., the bitmap is applied to a set of slots that contains potential PSCCH/PSSCH/PSFCH resources. Regarding the potential PSCCH/PSSCH/PSFCH resources, in shared carrier case, cell-specific configured UL slots/symbols and flexible slots/symbols can be included. Besides, for unicast, since the UE-specific slot format can be exchanged between transmitter and receiver UEs during the session establishment procedure or consistently notified by gNB. The UE-specific configured UL slots/symbols and flexible slots/symbols can be additionally considered to be included in the resource pool to improve the resource efficiency. For example, as shown in Figure 1, the bitmap is applied to the UL/flexible slots or the slots contains UL/flexible symbols, except for the slot in which PSBCH resource is configured. A bit “1” means that the corresponding slot is included in the resource pool.  Furthermore, which symbols in the slot are configured for sidelink are indicated by the higher layer parameters lengthSLsymbols and startSLsymbols.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Figure 1. Illustration of slot-level bitmap in NR V2X 
Proposal 2: In shared carrier scenario, the UL slot/symbol and the flexible slot/symbol can be used for sidelink transmission.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK50]Proposal 3: The bitmap is applied to a set of slots that can be allocated to PSCCH/PSSCH/PSFCH transmissions. 

[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 2, 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.
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Figure 2. Example of extra latency caused by bitmap indication 

Proposal 4: To assure the low latency requirement, the 'F' and 'U' symbols/slots of the Uu-link configuration can be overwritten as 'S' symbols/slots for sidelink via group common control signaling.

2.2. Frequency domain OCC design for PSCCH DMRS
In the e-mail discussion after last meeting, the following agreement was made.
	Agreement: 
· NR PDCCH DMRS sequence is the baseline for PSCCH DMRS sequence at least with the following modification. 
· n_ID is determined by a (pre-)configured value per resource pool 
· [bookmark: _Hlk32396976]Frequency-domain OCC is applied, one of the [2 or 3 or 4] OCCs is randomly selected by the Tx UE. 
· Note: there is no (pre-)configuration on the number of OCCs. 



V2X UEs have no prior information about DMRS sequence when receiving a PSCCH. They perform blind detection of DMRS sequence with the strongest correlation. Then, the larger number of OCCs leads to higher complexity of blind detection. Besides, long frequency domain OCC degrades the capability of combating channel selectivity in channel estimation. On the other hand, it is beneficial to assign different DMRS sequences with good orthogonality for colliding UEs to mitigate collision interference. Considering the above factors, 2 frequency-domain OCCs give a good balance considering implementation complexity, channel estimation performance and randomization. The length-2 Walsh sequence expressed below can be used as the OCCs for PSCCH DMRS.

where  and  is the subcarrier index of PSCCH DMRS.
Proposal 5: For PSCCH DMRS, 2 frequency domain OCCs are (pre-)configured.
· The length-2 Walsh sequence can be used as the frequency domain OCC.
3. Conclusion
According to the discussions above, we have the following proposals.
Proposal 1: Only slot-level bitmap is considered for time domain resource pool configuration in Rel-16 NR V2X, i.e. Alt 1 is preferred. 
Proposal 2: In shared carrier scenario, the UL slot/symbol and the flexible slot/symbol can be used for sidelink transmission.
Proposal 3: The bitmap is applied to a set of slots that can be allocated to PSCCH/PSSCH/PSFCH transmissions.
Proposal 4: To assure the low latency requirement, the 'F' and 'U' symbols/slots of the Uu-link configuration can be overwritten as 'S' symbols/slots for sidelink via group common control signaling.
Proposal 5: For PSCCH DMRS, 2 frequency domain OCCs are (pre-)configured.
· [bookmark: _GoBack]The length-2 Walsh sequence can be used as the frequency domain OCC.
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