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Introduction
The work item of 5G V2X with NR sidelink was approved in RAN#83[1], in RAN1#98, physical layer structure was discussed with following agreements and working assumption [2]:

Agreements:
· In physical layer perspective, a (pre-)configured resource pool can be used for all of unicast, groupcast, and broadcast for a given UE. 
· There is no (pre-)configuration to inform which cast types are used for the resource pool.
Agreements:
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 

Agreements:
· Support 2-stage SCI
· 1st SCI is carried in PSCCH.
· FFS: other details
In this contribution, we will discuss and give our views on resource pool, control and data multiplexing, DMRS, AGC settling, and PSFCH multiplexing.
Discussion
Resource pool
The structure of resource pool for PSSCH was discussed in RAN1#96 [3]. It was agreed that the time domain granularity of a PSSCH resource pool can be either all symbols in a slot or a subset of consecutive symbols in a slot. On the Uu carrier, slot format may be dynamically changed, however, typically resource pool is configured semi-statically. Hence a reference slot format for resource pool configuration should be semi-statically configured by gNB/eNB. This reference slot format should also be propagated via PSBCH to out of coverage, so as to ensure the communication in partial coverage scenario. 
 Proposal 1: A reference slot format for resource pool configuration should be semi-statically configured by base station.
Control and data multiplexing
There are two FFS issues on control and data multiplexing. The first one is how to determine the starting symbol of PSCCH and associated PSSCH in Option 3. In our view, PSCCH should start from symbol#0. As some UEs may not need to settle AGC in a slot or it can settle AGC fast in the first symbol of a slot, and these UEs are able to receive PSCCH transmitted in the first symbol, which can increase the decoding ratio of PSCCH. On the contrary, if PSSCH is transmitted in symbol#0, due to the separation of PSCCH symbols, symbol#0 cannot share DMRS with other PSSCH symbols, this symbol cannot contribute to the PSSCH decoding. 
Proposal 2: In Option 3 of PSCCH and PSSCH multiplying, PSCCH should be transmitted from the first OFDM symbol.

The other FFS issue is if additional multiplexing options need to be supported to increase PSCCH coverage. As the number of symbols that can be used for one PSCCH can be configurable in Option 3. In other words, if larger coverage is needed, then more symbols can be configured for PSCCH, and vice versa. Hence, there is no need to support other options just for the purpose of PSCCH coverage enhancement.
Proposal 3: Only Option 3 with configurable number of PSCCH symbols should be supported for PSCCH and PSSCH multiplexing.
DMRS for PSCCH and PSSCH
DMRS for PDCCH in NR Uu can be reused for PSCCH, the DMRS is inserted continuously in time domain and have ¼ density in frequency domain, which should be sufficient to guarantee the performance of PSCCH.
Proposal 4: NR PSCCH reuses DMRS design for NR PDCCH.

Physical data channel in NR Uu supports two DMRS configurations in frequency domain, and for each DMRS configuration, DMRS pattern can be either single-symbol or double-symbols. For single-symbol DMRS configuration type 1 or type 2, up to 4 or 6 DMRS ports are supported, and the number of supported DMRS ports are doubled for double-symbols DMRS pattern. Considering the requirement on number of layers in NR sidelink and also the DMRS overhead, single-symbol DMRS pattern should be used for PSSCH.  Furthermore, DMRS configuration type 2 is preferable than DMRS configuration type 1, since the former has lower frequency domain density and could further reduce the DMRS overhead given DMRS and data can be multiplexed in the same symbol. 
Proposal 5: Configuration type 2 DMRS with single-symbol defined in NR Uu should be reused for PSSCH in NR sidelink.
In NR Uu, for each data channel mapping Type, i.e. mapping Type A and mapping Type B, DMRS pattern is defined per combination of data channel duration and the number of additional DMRS number, where the supported data channel duration spans from 4 symbols to 14 symbols, and number of additional DMRS vary from 0 to 3. These time domain DMRS pattern should be suffice to satisfy all requirement in NR V2X, hence, no new DMRS pattern is necessary in addition to what have been defined in NR Uu. More specifically, the single-symbol DMRS pattern for PUSCH with duration smaller than 13 and frequency hopping disabled should be reused for NR V2X.
Proposal 6: Time domain DMRS pattern defined for data channel in NR Uu should be a supper set of time domain DMRS pattern for NR V2X.
In Option 3 for PSCCH and PSSCH multiplexing, the duration of PSSCH transmitted on sub-channel overlapped with PSCCH and that transmitted on sub-channels without PSCCH are different. To guarantee the accuracy of channel estimation for each part of PSSCH, for the PSSCH transmitted on sub-channel overlapped with PSCCH, DMRS pattern for mapping type B should be used, and for the other PSSCH, DMRS pattern for mapping Type A should be used. 


Figure 1 The duration for PSSCH transmitted on sub-channel overlapped with PSCCH and PSSCH transmitted on sub-channels w/o PSCCH are different

Proposal 7: In Option 3 of PSCCH and PSSCH multiplying, for the PSSCH transmitted on sub-channel overlapped with PSCCH, DMRS for mapping Type B should be used, for the PSSCH transmitted on sub-channel without PSCCH, DMRS for mapping type A should be used.
Furthermore, the DMRS pattern is related to the duration of PSSCH, which is related to the configuration of PSCCH and PSFCH. For a slot where PSFCH resources are not configured on the carrier, the duration of PSSCH transmitted on the sub-channels without PSCCH can be calculated by subtracting the first AGC symbol and the last Gap symbol, and the duration of PSSCH transmitted on the sub-channel overlapped with PSCCH, the symbols for PSCCH should be subtracted further. Whereas, if PSFCH resources is configured at the end of a slot, the symbols for PSFCH and the symbol for AGC settling of PSFCH should be subtracted when calculating the duration of PSSCH. In addition, if TX/RX switching is allowed in the middle of slot and SCS is larger than 15 kHz, one more symbol for TX/RX switching before the symbol for AGC settling of PSFCH is needed, this symbol should be subtracted when calculating the duration of PSSCH.
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Figure 2 The duration of PSSCH in a slot where PSFCH resources are configured at the end of the slot
Proposal 8: The calculation of PSSCH duration should be specified by taking into account the configuration of PSCCH and the configuration of PSFCH.
AGC settling in the first symbol of slot
In LTE V2X the first whole symbol of a subframe is used for AGC settling, and the last whole symbol of a subframe is reserved for Tx/Rx switching (Gap). This design can be reused for NR sidelink.
Furthermore, as not all UEs need to settle AGC at the beginning of a slot, in another word, some UE is capable to receive and decoding the first symbol, it is beneficial to transmit data or control information rather than an AGC signal in the first symbol.
Proposal 9: PSCCH and PSSCH are transmitted in the first symbol for AGC settling.
PSFCH format
For the sequence-based PSFCH format with one symbol, in order to reuse the sequence design for PUCCH format 0, 1 PRB should be used, and the payload of the PSFCH should be up to 2 bits. In case of PSFCH periodicity is configured to 4, up to 4 HARQ-ACK bits (corresponding to 4 PSCCH/PSSCH) may need to be reported. In this case, 4 candidate PSFCH frequency resources can be determined based on time/frequency location of the 4 PSCCH/PSSCH, then the 4 bits can be transmitted by the combination of PSFCH frequency resource location and the payload of PSFCH, just like PUCCH format 1b with channel selection HARQ-ACK procedure in LTE [4].
Proposal 10:
· For sequence-based PSFCH with one symbol, 1 PRB should be used;
· The payload of the PSFCH format should be up to 2 bits;
· The combination of frequency resource location and the payload of PSFCH should be used to convey more than 2 HARQ-ACK bits.
For the PSFCH with 1 symbol allocated at the end of a slot, 1 symbol for AGC ahead of the PSFCH symbol(s) is needed, this can bring down the resource efficiency dramatically in the case of both carrier bandwidth and sub-channel size are large. For instance, if all 100 PRBs on a 20MHz carrier are configured as one sub-channel, then at most 1 PRB for PSFCH is needed, however, for support this, 100 PRB in the AGC symbol cannot be used. What is worse, if UE is allowed to change TX/RX operation in the middle of slot, e.g. from transmitting PSSCH/PSCCH to receiving PSFCH, additional 1 symbol is needed for TX/RX switching for 30KHz and 60KHz SCS, the resource efficiency goes down further. To improve the resource efficiency especially for the case of large bandwidth and large sub-channel size, a PSFCH format spanning all available symbols for sidelink in a slot should be supported. As the PSFCH format is only used to keep constant power within a slot rather than support larger PSFCH capacity, it can be generated with repetition of the one-symbol PSFCH format.
Proposal 11: A PSFCH format spanning all available symbols for sidelink in a slot should be supported.
According to the WID, CSI is transmitted via PSSCH in Rel-16, which implies PSFCH is only used to convey HARQ-ACK information. The number of HARQ-ACK to be reported in one slot is 4 bits at most, a PSFCH format with 2 bits capacity is sufficient if channel selection mechanism as LTE is reused. From this point of view, PSFCH format based on PUCCH format 2 is not necessary. On the contrary, if this PSFCH format was introduced, it can definitely complicate the PSFCH design and PSFCH resource selection procedure.
Proposal 12: A PSFCH format based on PUCCH format 2 is not supported in Rel-16.
Sub-channel size
As only OFDM is supported in NR sidelink, the size of sub-channel is not subject to the requirement of SC-FDMA as LTE V2X. However, the minimum sub-channel size should be larger enough to accommodate PSCCH.
Proposal 13: The minimum Sub-channel size of a resource pool should be determined according to the size of PSCCH.
Conclusion
In this contribution, we discussed the issues related to physical layer structure in NR-V2X, we have following proposals:
Proposal 1: A reference slot format for resource pool configuration should be semi-statically configured by base station.
Proposal 2: In Option 3 of PSCCH and PSSCH multiplying, PSCCH should be transmitted from the first OFDM symbol.
Proposal 3: Only Option 3 with configurable number of PSCCH symbols should be supported for PSCCH and PSSCH multiplexing.
Proposal 4: NR PSCCH reuses DMRS design for NR PDCCH.
Proposal 5: Configuration type 2 DMRS with single-symbol defined in NR Uu should be reused for PSSCH in NR sidelink.
[bookmark: _GoBack]Proposal 6: Time domain DMRS pattern defined for data channel in NR Uu should be a supper set of time domain DMRS pattern for NR V2X.
Proposal 7: In Option 3 of PSCCH and PSSCH multiplying, for the PSSCH transmitted on sub-channel overlapped with PSCCH, DMRS for mapping Type B should be used, for the PSSCH transmitted on sub-channel without PSCCH, DMRS for mapping type A should be used.
Proposal 8: The calculation of PSSCH duration should be specified by taking into account the configuration of PSCCH and the configuration of PSFCH.
Proposal 9: PSCCH and PSSCH are transmitted in the first symbol for AGC settling.
Proposal 10:
· For sequence-based PSFCH with one symbol, 1 PRB should be used;
· The payload of the PSFCH format should be up to 2 bits;
· The combination of frequency resource location and the payload of PSFCH should be used to convey more than 2 HARQ-ACK bits.
Proposal 11: A PSFCH format spanning all available symbols for sidelink in a slot should be supported.
Proposal 12: A PSFCH format based on PUCCH format 2 is not supported in Rel-16.
Proposal 13: The minimum Sub-channel size of a resource pool should be determined according to the size of PSCCH.
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