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Introduction
The following agreements and working assumptions were made about NR sidelink physical layer structure [1], [2], [3].
	RAN1#94 Agreements:
Agreements:
· Waveform
· CP-OFDM only
· Support both
· Subcarrier spacing
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.
· Multiplexing of PSCCH and the associated PSSCH.
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time     
 resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.



	RAN1#94bis Agreements:
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 waveform till next meeting – companies are encouraged to perform more analysis/evaluations.

· 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
· Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
· Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
· FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink
· At least resource pool is supported for NR sidelink
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception.
FFS whether a resource pool consists of contiguous resources in time and/or frequency.
A resource pool is inside the RF bandwidth of the UE.
FFS how gNB and other UEs know the RF bandwidth of the UE
FFS if BWP (if defined) can be used to in defining at least part of resource pool
FFS if the numerology of a resource pool is indicated as a part of (pre-)configuration for resource pool, carrier, band, or BWP (if defined)
UE assumes a single numerology in using a resource pool.
Multiple resource pools can be configured to a single UE in a given carrier.
FFS how to use multiple resource pools when (pre-)configured.
· FFS BWP is supported for NR sidelink
FFS whether RAN1 can assume that at most one BWP is configured in a carrier from the system perspective.
It is RAN1 understanding that, in some cases, the entire system bandwidth is covered by a single BWP.
FFS the details of BWP configurations, including the possibility of restricting the number of BWPs
FFS whether BWP for TX and RX is separated or a common BWP applied to both TX and RX
There is at most one activated sidelink BWP for a UE in a given carrier as in the Uu case
Further study the feasibility, benefit, and impact of sidelink BWP switching
Aim to conclude in RAN1#95
Companies are encouraged to provide more analysis, including checking current Rel-15 specification regarding BWP related text



	RAN1#95 Agreements:
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.
· 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
· 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 discuss some of the remaining open issues related to physical layer structures that includes sidelink channel multiplexing, and support of additional CP length and give some proposals based on analysis.
Discussion 
Sidelink Numerology and Cyclic Prefix (CP) Length  
At RAN1#95 meeting, we agreed for PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz. In NR Uu, normal CP is used for all subcarrier spacings, but extended CP is only used for 60 kHz as an option as shown in Table 1. 
Table 1: CP length for the supported transmission numerologies
	

	

	Cyclic prefix length [µs]
	Symbol length [µs]
	Cyclic prefix

	0
	15
	4.69
	66.67
	Normal

	1
	30
	2.34
	33.34
	Normal

	2
	60
	1.17* 
4.17**
	16.67
	Normal, Extended

	3
	120
	0.59
	8.33
	Normal


Note: * Normal CP; ** Extended CP
At RAN1#94bis meeting, we agreed that NR sidelink supports SCSs {60, 120 kHz} in the FR2. However, we did not decide on CP for PSCCH/PSSCH in FR2. With that said, it is our view that NR V2X should supports normal CP for 60kHz and 120kHz and extended CP for 60kHz. As a baseline, we do not see the need to include extended CP for 120kHz in FR2 which keeps NR Sidelink compatible with the NR Uu.
Proposal 1: NR V2X supports normal CP for 60kHz and 120kHz and extended CP for 60kHz.
Sidelink Slot Structure
In NR Uu, OFDM symbols in a slot can be classified as ‘downlink’ (denoted ‘D’), ‘flexible’ (denoted ‘X’), or ‘uplink’ (denoted ‘U’). In a slot in a downlink frame, the UE assumes that downlink transmissions only occur in “downlink’ or ‘flexible’ symbols. The same is applicable for a slot in an uplink frame, the UE only transmit in ‘uplink’ or ‘flexible’ symbols. The slot structure in NR Uu was designed to be flexible in order to handle the different use cases requirements. With that being said, we have to decide how to design the sidelink slot structure taking into consideration the advanced V2X use cases (i.e., vehicles platooning, advanced driving, extended sensors, remote driving) that have different requirements. So, for simplicity we can use the NR Uu symbols in a slot classified as ‘flexible’ (denoted ‘X’) and ‘uplink’ (denoted ‘U’) for the sidelink symbols in a slot. This means for sidelink, we could reclassify ‘uplink’ (denoted ‘U’) as ‘sidelink’ (denoted ‘S’).  This means for a slot in a sidelink frame, the UE only transmit in ‘sidelink’ or ‘flexible’ symbols.  
Proposal 2: OFDM symbols in Sidelnk can be classified as ‘flexible’ or ‘sidelink’.
Sidelink Channel Multiplexing
According to the working assumption in RAN1#95 meeting, for PSCCH/PSSCH multiplexing, at least option 3 is supported for CP-OFDM. Obviously, option 3 was selected for its flexibility of PSCCH and PSSCH channel resource allocation, which allows different symbols and RBs to be used for the two channels. One of the open issues regarding PSCCH/PSSCH multiplexing is to determine the starting symbol of PSCCH and the associated PSSCH. Moreover, we need to consider the AGC/switching period handling issue when determining the starting symbol of PSCCH and the associated PSSCH. One of the possible solutions for the AGC/switching period handling involves using the last OFDM symbol of a slot for Tx/Rx switching and the first OFDM symbol for AGC adaption similar to LTE V2X. This means that the first symbol should not be used as the starting symbol of PSCCH and the associated PSSCH. So, if we take this as the worst scenario, it means that the starting symbol of PSCCH could be any starting position between {1,…,12} symbol. 
Proposal 3: PSCCH symbols should not be the first OFDM or the last OFDM symbol of a slot. 
 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, we discussed some of the remaining open issues related to sidelink physical layer structures and the following proposals are given as following:
Proposal 1: NR V2X supports normal CP for 60kHz and 120kHz and extended CP for 60kHz.
Proposal 2: OFDM symbols in Sidelnk can be classified as ‘flexible’ or ‘sidelink’.
Proposal 3: PSCCH symbols should not be the first OFDM or the last OFDM symbol of a slot.
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