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Introduction
The work item of 5G V2X with NR sidelink was approved in RAN#83[1], in RAN1#97, physical layer structure was discussed with following agreements and working assumption [2]:

Agreements:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and groupcast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
· FFS whether to support the following formats
· X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
· E.g. X=2
· A PSFCH format based on PUCCH format 2
· A PSFCH format spanning all available symbols for sidelink in a slot
Agreements:
· Transmission of PSSCH is mapped onto contiguous PRBs only
Agreements:
· Sub-channel size is (pre)configurable.
· FFS details (e.g., possible sizes, a minimum size etc.)
Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS
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.
NR V2X needs to support unicast, groupcast, and broadcast. In our view, at least separate resource pool should be used for broadcast due to following reasons:
· The contents of SCI for broadcast may be much less than unicast/groupcast, methods to align SCI size are needed if shared resource pool is used;
· Although shared resource pool for all cast types can avoid resource fragmentation and improve resource efficiency thereby, if HARQ feedback is enabled for unicast or groupcast in the shared resource pool, at least 2 symbols for PSFCH and additional AGC settling are needed, which will degrade the resource efficiency and neutralize the benefit of shared resource pool;
· Unicast/groupcast may be subject to SL pathloss based power control, which implies that the transmission power of unicast/groupcast can be much lower than broadcast, the power difference between them may complicate the sensing behavior in mode 2, and also worsen the near-far problem;
Proposal 2: 
· Separate resource pool should be used for broadcast.
Control and data multiplexing
If RAN4 confirmed later that transient period is not needed for Option 3, 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 3: 
· 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 4: 
· 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 5: 
· NR PSCCH reuses DMRS design for NR PDCCH.

Physical data channel in NR Uu supports two DMRS configurations, 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 6: 
· Configuration type 2 DMRS with single-symbol defined in NR Uu should be reused for PSSCH in NR sidelink.
As multiple DMRS patterns in time domain are supported for PSSCH, to completely exploit the benefit of multiple DMRS patterns, a Tx UE should be allowed to select an appropriate DMRS pattern dynamically according to instant channel status. For this purpose, multiple DMRS patterns should be supported in one resource pool, and the DMRS pattern used by the transmitter should be indicated in the associated PSCCH to enable PSSCH decoding and sensing at the receiver side. 
Proposal 7: 
· Multiple DMRS patterns should be supported in one resource pool, DMRS pattern used by transmitter should be indicated in the associated PSCCH.
Location of DMRS in time domain for data channel in NR Uu is related to the mapping type of data channel, i.e. for mapping type A, the first DMRS is placed in the 2nd or 3rd OFDM symbol within the slot, and for mapping type B, the first DMRS is placed in the first data channel symbol. If Option 3 is used for PSCCH and PSSCH multiplexing, both mapping type A and mapping type B may occur for PSSCH in one slot, as shown in Figure 1. To guarantee the accuracy of channel estimation for each part of PSSCH, it is preferable to insert DMRS separately for each PSSCH part. 


Figure 1 DMRS for PSCCH and different mapping types of PSSCH in Option 3

Proposal 8: 
· In Option 3 of PSCCH and PSSCH multiplying, DMRS for PSSCH part with mapping type A and PSSCH part mapping type B should be inserted separately.
AGC settling and Gap
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
As agreed in RAN1#96bis, at least from transmitting UE perspective, PSFCH is TDMed with PSCCH and PSSCH. To avoid additional AGC time, from system perspective, the starting time and duration of all PSFCH on one BWP should be the same. 
Proposal 10:
· The starting time and duration of all PSFCH on one BWP should be the same.
Moreover, in case of unicast, at most one (frequency, code) PSFCH resource is needed for one sub-channel. Recalling the sub-channel configuration in LTE V2X, where the whole bandwidth can be configured as one sub-channel, in this case, it is not efficient to configure all PRBs in a symbol as PSFCH resource. Hence, from system point of view, FDM between PSFCH and PSCCH/PSSCH should be supported.
Proposal 11:
· From system point of view, FDM between PSFCH and PSCCH/PSSCH should be supported.
For the sequence-based PSFCH format with one symbol agreed in the last meeting, 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 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 12:
· 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 is needed, this can bring down the resource efficiency dramatically in the case of carrier bandwidth and sub-channel size are both 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. As the issue is caused by the introduction of AGC symbol, to mitigate this issue, 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 13:
· 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 14:
· A PSFCH format based on PUCCH format 2 is not supported in Rel-16.
Sub-channel size
In LTE sidelink, the size of sub-channel is restricted by the requirement of SC-OFDM. As only OFDM is supported in NR sidelink, sub-channel size from 1 to maximum number of PRBs on a carrier should be supported.
Proposal 15:
· Sub-channel size from 1 to maximum number of PRBs on a carrier should be supported.
[bookmark: _GoBack]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: 
· Separate resource pool should be used for broadcast.
Proposal 3: 
· In Option 3 of PSCCH and PSSCH multiplying, PSCCH should be transmitted from the first OFDM symbol.
Proposal 4: 
· Only Option 3 with configurable number of PSCCH symbols should be supported for PSCCH and PSSCH multiplexing.
Proposal 5: 
· NR PSCCH reuses DMRS design for NR PDCCH.
Proposal 6: 
· Configuration type 2 DMRS with single-symbol defined in NR Uu should be reused for PSSCH in NR sidelink.
Proposal 7: 
· Multiple DMRS patterns should be supported in one resource pool, DMRS pattern used by transmitter should be indicated in the associated PSCCH.
Proposal 8: 
· In Option 3 of PSCCH and PSSCH multiplying, DMRS for PSSCH part with mapping type A and PSSCH part mapping type B should be inserted separately.
Proposal 9:
· PSCCH and PSSCH are transmitted in the first symbol for AGC settling.
Proposal 10:
· The starting time and duration of all PSFCH on one BWP should be the same.
Proposal 11:
· From system point of view, FDM between PSFCH and PSCCH/PSSCH should be supported.
Proposal 12:
· 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 13:
· A PSFCH format spanning all available symbols for sidelink in a slot should be supported.
Proposal 14:
· A PSFCH format based on PUCCH format 2 is not supported in Rel-16.
Proposal 15:
· Sub-channel size from 1 to maximum number of PRBs on a carrier should be supported.
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