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1 Introduction

In RAN1 #94bis meeting, some agreements about physical layer design have been achieved as follows:

Agreements:

· NR sidelink supports the SCSs supported by Uu in a given frequency range, i.e., {15, 30, 60 kHz} in FR1 and {60, 120 kHz} in FR2.

· FFS the supported CP length
· Baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
· Baseline is that a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier.
· FFS if this applies to sidelink synchronization signals/channels
Continue discussion on the wavefom till next meeting – companies are encouraged to perform more analysis/evaluations.

Agreements:

For PSCCH and associated PSSCH multiplexing

· At least one of Option 1A, 1B, and 3 is supported.

· FFS whether some options require transient period between PSCCH and PSSCH.

· FFS whether to support Option 2

In this contribution, we present our initial views about physical layer structure design of NR V2x sidelink communications.
2 Discussion 
2.1 Modulation and coding 
In LTE V2x, similar as LTE UL transmission, only SC-FDMA is supported for sidelink communications. The purpose is to maintain low PAPR property for V2x UE transmitter. In Rel-15 NR Uu UL design, both CP-OFDM and SC-FDMA are supported. It needs to be discussed whether the PAPR limitation can be relaxed in NR V2x sidelink design. If the limitation can be relaxed, it may be more beneficial to support CP-OFMA for sidelink transmission to enable flexible resource allocation and reduce reference signalling cost. 
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. In Figure 1, some link level simulation results assuming NR PDCCH DMRS structure for control channel are shown. The fast fading channel parameters are as listed in [3], Polar code is assumed as channel coding scheme, and other detail simulation parameters are listed in Appendix. It can be observed that as the number of symbols occupied by PSCCH decreases, the performance loss caused by AGC and/or GP will be greater. Protection on PSCCH over AGC/GP 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.  
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Figure1. Performance loss cost by AGC
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
For the typical use cases of V2X, the velocity of UEs will change within a certain range. For broadcast communication, the relative speed between transmitter and different receivers may vary a lot, and the DMRS design needs to consider the worst case. However, in NR V2x, both physical layer groupcast and unicast are supported. The relative speed between transmitter and the given receiver can vary a lot. If the relative speed is high, the Doppler effect is more significant, and in turn the density of DMRS should be higher in the time domain to track the change of channel. However, the spectrum efficient would be low if the same DMRS time domain density is applied when the relative speed is low where Doppler effect is not so significant. On the other hand, the frequency domain correlation can also change a lot due to factors such as scattering, diffraction in different environment including urbane, highway, etc. Furthermore, the time domain and frequency domain density of DMRS should take parameters including carrier frequency and numerology into account. Therefore, it would be beneficial to optimize the DMRS design especially on DMRS time-domain and frequency domain density according to the carrier frequency, numerology and channel status between transmitter and receiver(s).

Proposal 2: The density of DMRS in time domain and frequency domain could be dynamic or semi-static configured according to different carrier frequency, numerology and channel status between transmitter and receiver(s).

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: The density of DMRS in time domain and frequency domain could be dynamic or semi-static configured according to different carrier frequency, numerology and channel status between transmitter and receiver(s).
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Appendix

Table 1. Link level simulation parameters

	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	32bits

	Occupied Resource
	2 PRB/4RB in frequency domain，7/14 symbols in time domain

	System bandwidth
	20MHz

	Carrier Frequency
	6GHz,

	Number of symbols for slot
	14

	AGC and GP
	Not considered

	Subcarrier spacing
	30KHz

	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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