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1 Introduction

In RAN1 #95 meeting, some agreements about physical layer design have been achieved as follows:

Agreements:

· At least CP-OFDM is supported.

· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:

· Synchronization coverage enhancement

· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources

· Feedback channel coverage enhancement

· A single waveform is used in all the sidelink channels in a carrier.

· Note: A sequence based channel can be supported in any waveform.

· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.

Agreements:

· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz

· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL

Agreements:
· BWP is defined for NR sidelink.

· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.

· FFS the relation with Uu BWP.

· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 

· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE

· Revisit in the next meeting if significant issues are found

· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.

Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.

Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.

· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.
In this contribution, we continue to discuss and present our views about physical layer structure design of NR V2x sidelink communications.
2 Discussion 
2.1 Coding 
Following NR coding decisions, polar code can be considered as the coding scheme for sidelink control information, and LDPC can be considered as the coding scheme for sidelink data packets.
2.2 AGC and GP
In LTE V2X, there is no explicit AGC protection design and the last symbol is used for guard period in one slot. Some performance loss can be caused by AGC impact on the first symbol. In RAN1#94 meeting, it has been agreed that at least TDM multiplexing mode of PSCCH and PSSCH needs to be supported for low latency V2x services. To reduce the processing latency, it is beneficial to place the control part i.e. PSCCH in the first several symbols of a slot, following the associated PSSCH transmission in the same slot. However, as the PSCCH may only occupy limited number of symbols, losing one symbol in time domain due to AGC impact would result in a much larger performance loss comparing with the FDM design in LTE V2X. Protection on PSCCH over AGC adjustment should be considered.
In RAN1#94 meeting, up to 15us AGC timing and 13us Tx/Rx switching timing are assumed for FR1. When SCS is 15KHz or 30KHz, the duration of AGC adjustment may be less than the duration of a complete symbol, and thus using a whole symbol for protection over AGC can be a waste. The guard period is set to overcome propagation delay and leave enough time for Tx/Rx switching. Placing Guard period and AGC protection in the same symbol can be considered to reduce the overhead. In addition, considering that different UEs may require different AGC timing due to different UE capability, defining flexible ratio between duration of GP and duration of AGG protection can be beneficial.  
Based on the discussion, we propose:
Observation 1: if PSCCH/PSSCH is multiplexed in TDM mode in a single slot, protection on PSCCH over AGC adjustment is needed.

Proposal 1: The guard period and AGC protection can be integrated in a single symbol to reduce the overhead.
2.3 DMRS
At least CP-OFDM is supported for NR V2x sidelink design. However, it is still for further study on whether to support DFT-OFDM. The waveform decision may have big impact on the DMRS design. If DFT-OFDM is supported, to keep the single carrier characteristic of DFT-OFDM, DMRS resource elements should occupy the whole frequency domain of an OFDM symbol without interleaving with the modulation symbols. On the other hand, if only CP-OFDM is considered, modulation symbols and DMRS can be interleaved in the same OFDM symbol to further increase the resource efficiency. RAN1 should decide whether a DMRS design specific for CP-OFDM can be supported, or a common DMRS design for both waveforms should be targeted and wait until decision on supporting DFT-OFDM is made. For the sake of study item progress, we propose:

Proposal 2: At least a DMRS pattern specific for CP-OFDM is supported
2.3.1 DMRS for PSSCH 
For CP-OFDM, the DMRS REs can be distributed in both time and frequency domain. To save the standardization effort, NR PDSCH DMRS design can be considered as the baseline for PSSCH. For PSSCH, the DMRS REs can be evenly distributed in frequency resources in a given set of OFDM symbols. It can be further investigated on whether a fixed time and frequency domain density of DMRS is enough, or flexible DMRS density is needed, for a given numerology. 
Observation 2: NR PDSCH DMRS design can be considered as the baseline for PSSCH
2.3.2 DMRS for PSCCH

In NR DL design, PDCCH and PDSCH can be in different slots to support cross-slot scheduling. Furthermore, PDCCH may occupy different frequency resource as PDSCH, and use different transmission mode as PDSCH. Therefore, independent DMRS for PDCCH and PDSCH are designed to enable flexible time/frequency resource allocation and transmission mode selection for PDCCH and PDSCH. 

However, for PSCCH and PSSCH multiplexing, currently only option 3 is agreed as the working assumption. For option 3, there should be at least one symbol where PSCCH and PSSCH are FDMed. At least for analogy beam forming, PSCCH and PSSCH should use the same beam. Considering the sensing relationship between PSCCH and PSSCH, there is no strong motivation to use different transmission mode for PSCCH and its associated PSSCH. In addition, to facilitate the sensing and resource selection behaviour, it is beneficial to transmit PSCCH within the frequency resources of its associated PSCCH. Therefore, the option to use PSSCH DMRS for PSCCH decoding to improve PSCCH resource efficiency should be further investigated.
To evaluate the potential performance benefit of using PSSCH DMRS to demodulate PSCCH, the BLER vs. SNR performance of PSCCH with or without PSCCH DMRS given PSCCH/PSSCH multiplexing shown in Figure 1 is evaluated.  Option 3 of PSCCH/PSSCH multiplexing is assumed. If there is no DMRS REs in PSCCH, PSSCH DMRS is used to demodulate the PSCCH. It should be noted that in the simulation all the REs in DMRS symbol are assumed as DMRS REs. This is only for evaluation simplicity. Two symbols of PSCCH are assumed, and both 15 KHz and 30 KHz SCS are evaluated. Different PSCCH bandwidth assumptions (5RB, 10 RB and 15 RB) are evaluated. Other assumptions are listed in the annex. 
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Figure 1. Multiplexing of PSCCH and PSSCH 
From figure 2 and figure 3, it can be observed that PSCCH without DMRS can achieve better performance compared with PSCCH with DMRS. The achieved performance gain is due to lower coding rate of PSCCH when PSCCH is demodulated using PSSCH DMRS. 
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Figure2. Simulation results of H-type and V-type-mid DMRS structure-SCS30KHz
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Figure3. Simulation results of H-type and V-type-mid DMRS structure-SCS15KHz
Observation 3: Better PSCCH demodulation performance can be achieved by removing DMRS symbols in PSCCH and using PSSCH DMRS to demodulate PSCCH.
3 Conclusions

In this contribution, we present our consideration about physical layer structure design of NR V2X. Based on the above analysis, observations and proposals are concluded as following:
Observation 1: if PSCCH/PSSCH is multiplexed in TDM mode in a single slot, protection on PSCCH over AGC adjustment is needed.

Proposal 1: The guard period and AGC protection can be integrated in a single symbol to reduce the overhead.
Proposal 2: At least a DMRS pattern specific for CP-OFDM is supported
Observation 2: NR PDSCH DMRS design can be considered as the baseline for PSSCH

Observation 3: Better PSCCH demodulation performance can be achieved by removing DMRS symbols in PSCCH and using PSSCH DMRS to demodulate PSCCH.
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Appendix

Table 1. Link level simulation parameters

	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	32bits

	System bandwidth
	10MHz

	Carrier Frequency
	6GHz,

	Number of symbols for slot
	14

	Subcarrier spacing
	30KHz/15KHz

	Modulation
	QPSK

	Channel coding
	Polar code 

	Transmission scheme
	1-port transmission diversity

	Channel estimation
	Realistic, LMMSE

	Noise estimation
	IDEAL

	Detection method
	MMSE

	Channel model
	Highway-LOS[3]

	UE relative speed
	280km/h

	Number of BS antennas
	4Tx

	Number of UE antennas
	4Rx
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