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Introduction
NR-V2X SI was approved in the RAN#80 meeting [1], in the last RAN1 meeting, issues related to physical layer structure for NR V2X were discussed with following agreements and working assumptions[2]:

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
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.
Working assumption:
· For RAN1 evaluation purpose only, until RAN4 response on AGC and switching time, it is assumed that one symbol is used for AGC and another one symbol is used for TX/RX switching.
Note: TX/RX switching includes transition in the power amplifier.

In this contribution, we will discuss and give our views on CP length, control and data multiplexing, DMRS, AGC settling, and other physical layer structure related issues.

Discussion
CP length
On sidelink, CP is supposed to accommodate timing difference between reception timing and received signal, which mainly consists of timing difference between transmitter and receiver, propagation delay.  According to the requirements defined in 22.886, NR V2X needs to support more than 1000m coverage, if timing at the transmitter and the receiver are fully aligned, e.g. using GNSS as sync source, this can introduce 3.33us timing difference at the receiver. In some scenarios, e.g. when both transmitter and receiver are using DL timing, the transmission timing of the transmitter and the reception timing of the receiver may not be aligned due to different distances from the based station, as depicted in the figure 1 below. In this case, up to 6.66us timing difference at the receiver can be introduced. 

Observation 1: 
· Due to the timing difference between the transmitter and the receiver and the propagation delay, up to 6.66us timing difference at the receiver can be introduced;



Figure 1 round-trip propagation delay can be introduced if transmitter and receiver using base station as sync source
The normal CP length () and extended CP length () of different SCS supported in NR Uu are summarized in Table 1. It can be seen that, the length of normal CP for 15kHz SCS and extended CP for 60 kHz SCS are larger than 3.33us, and all CP length supported in NR Uu interface are smaller than 6.66us.
Table 1 CP length of different SCS
	μ
	SCS [kHz]
	N-CP length [μs]
	E-CP length [μs]

	0
	15
	4.69
	-

	1
	30
	2.34
	-

	2
	60
	1.17
	4.17

	3
	120
	0.586
	-



According to 22.886, requirement on communication range may be related to service type and relative speed between transmitter and receiver, and it is desirable that multiple service types and wide relative speed range can be supported on a single carrier, furthermore, UE may use any sync reference (either GNSS or base station) on a carrier, hence, it is preferable that CP length can be larger than 6.66us on FR1 of NR sidelink. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: 
· Extended CP should be supported for 15kHz and 30kHz SCS on FR1 of NR sidelink.
Control and data multiplexing
If transient period is not needed for Option 3 is confirmed by RAN4 later, 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 settle AGC fast in the first symbol, and these UEs can receive the PSCCH correctly, which can increase the decoding ratio of PSCCH. On the contrary, if PSSCH is transmitted in symbol#0, depending on the DMRS design of PSCCH and PSSCH, the PSSCH transmitted in this symbol may not be used for decoding of the whole PSSCH. 
Proposal 2: 
· Some redundancy of PSCCH should be transmitted in symbol#0 of a slot.

The other FFS issue is if additional multiplexing options need to be supported to increase PSCCH coverage. In our view, 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 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
For the OFDM waveform, 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.

Physical data channel in NR Uu supports two DMRS configurations, and for each DMRS configuration, DMRS pattern can be either single-symbol or double-symbol. For single-symbol DMRS configuration 1 or 2, up to 4 or 6 DMRS ports are supported, and the number of supported DMRS ports are double for double-symbol DMRS pattern. Considering the multi-layers transmission requirement on NR sidelink and also the DMRS overhead, single-symbol DMRS pattern should be used for PSSCH. And for OFDM waveform, DMRS configuration 2 is preferable than DMRS configuration 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. 

Time domain location of data channel DMRS 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, hence further study is necessary to determine the time domain DMRS positions for PSSCH. 



Figure 2 DMRS for PSCCH and different mapping types of PSSCH in Option 3


Proposal 4: 
· NR PSCCH reuses DMRS design for NR PDCCH;
· At least for NR PSSCH using OFDM waveform, configuration 2 DMRS with single-symbol should be used;
· FFS the time positions for PSSCH DMRS.
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). According to the agreements in RAN1#94[3], the time needed for AGC settling and Tx/Rx switching may be (up to RAN4 confirmation) shorter than half symbol for 15 kHz and 30 kHz SCS. Hence, for 15 kHz and 30 kHz SCS, there is possibility to further reduce the overhead of AGC and gap in NR V2X. 

In case of the duration of one symbol is longer than the time for AGC settling plus the time for Tx/Rx switching, one example for AGC settling and Tx/Rx switching is given in Figure 2. As Tx/Rx switching is only necessary for the UE switching Tx/Rx behavior in next slot, there is no gap for Tx/Rx switching from system point of view. For a UE is transmitting in the current slot and going to receiving in the next slot, it can perform Tx to Rx switching at the beginning of the next slot, and then use the remaining part of the first symbol for AGC settling. On the contrary, if the UE is receiving at the current slot and going to transmitting in the next slot, if can perform the Rx to Tx switching at the end of the current slot. For a UE receiving continuously, it only needs to settle AGC at the beginning of the first symbol. In this way, all symbols in a slot can be used for transmission.

In case of the duration of one symbol cannot accommodate both AGC and Tx/Rx switching, LTE sidelink design can be reused, i.e. reserving one symbol for AGC and Tx/Rx switching respectively.

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.



Figure 3 AGC and/or Tx/Rx switching time for a UE switching from Tx to Rx, for a switching from Rx to Tx, and for a UE receiving continuously
Observation 2:
· Tx/Rx switching time is only necessary for a UE switching Tx/Rx behaviour in the next slot, in case of the duration of one symbol is longer than the time for AGC plus the time for Tx/Rx switching, there is no need to configure system gap for Tx/Rx switching.

Conclusion
In this contribution, we discussed the issues related to physical layer structure in NR-V2X, we have following observations and proposals:

Observation 1: 
· Due to the timing difference between the transmitter and the receiver and the propagation delay, up to 6.66us timing difference at the receiver can be introduced.
Observation 2:
· Tx/Rx switching time is only necessary for a UE switching Tx/Rx behaviour in the next slot, in case of the duration of one symbol is longer than the time for AGC plus the time for Tx/Rx switching, there is no need to configure system gap for Tx/Rx switching.

Proposal 1: 
· [bookmark: _GoBack]Extended CP should be supported for 15 kHz and 30 kHz SCS on FR1 of NR sidelink.

Proposal 2: 
· Some redundancy of PSCCH should be transmitted in symbol#0 of a slot.

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;
· At least for NR PSSCH using OFDM waveform, configuration 2 DMRS with single-symbol should be used;
· FFS the time positions for PSSCH DMRS.
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