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1 Introduction

In RAN1#98 meeting, the following agreements about NR sidelink physical layer structure are listed below [1].
Agreements:

· In physical layer perspective, a (pre-)configured resource pool can be used for all of unicast, groupcast, and broadcast for a given UE. 

· There is no (pre-)configuration to inform which cast types are used for the resource pool.

Agreements:

· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.

· Exact DMRS pattern is indicated by SCI

· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern

· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.

· FFS: case for Mode 1

· FFS: whether/how to use restrictions for choice of DMRS pattern 

· FFS on details on time-domain pattern

· FFS the number of possible DMRS patterns

· Note: it is not intended to specify DM-RS based resource pool selection 

Agreements:

· Support 2-stage SCI

· 1st SCI is carried in PSCCH.

· FFS: other details
Agreements in [98-NR-10]:
· In Rel-16, at least for sequence-based PSFCH format with one symbol (not including AGC training period), it is not supported to do FDM between PSSCH/PSCCH and PSFCH.

In this contribution, we discuss and present our views about physical layer structure design of NR V2x sidelink communications.
2 SCI content

2.1 Introduction
In the last meeting, 2-stage SCI has been agreed to support. In RAN1#97 meeting, the following conclusion is made:

Conclusion:

· If two-stage SCI is supported, the following details are used.

· Information related to channel sensing is carried on 1st-stage.

· 2nd-stage is decoded by using PSSCH DMRS.

· Polar coding used for PDCCH is applied to 2nd-stage

· Payload size for 1st-stage in two-stage SCI case is the same for unicast, groupcast, and broadcast in a resource pool.

· After decoding the 1st-stage, the receiver does not need to perform blind decoding of 2nd-stage. 

· FFS other details
The 1st stage SCI should be of fixed size, use fixed MCS, and be transmitted by PSCCH. The 2nd stage SCI should be of variable size, and multiplexed with data in PSSCH. The mechanism used for UCI multiplexing in PUSCH should be the baseline for multiplexing the 2nd stage SCI with data. 
Similar as UCI multiplexing, a sidelink “beta-offset” can be used to determine the number of REs used to convey the 2nd stage SCI. 

Proposal 1: UCI multiplexing is the baseline for 2nd stage SCI multiplexing with the sidelink data

· A sidelink beta-offset is used to determine the number of REs used to convey the 2nd stage SCI.

2.2 1st stage SCI
All the information related to UE sensing should be included in the 1st stage SCI. the 1st stage SCI should be the same for unicast, groupcast, and broadcast. In Table I, the information fields that should be included in the 1st stage SCI are summarized.
Table 1: Information fields in the 1st stage SCI
	Fields 
	Num. of bits
	Comments

	Priority
	3 bits
	QoS priority information

	Source ID
	~ bits 
	To identify different UEs reserving the same resource

	PSSCH MCS
	5 bits
	PSSCH MCS value

	DMRS pattern
	~ bits
	Depends on the number of (pre)-configured DMRS patterns 

	2nd stage SCI format
	2 bits
	For unicast, groupcast, and broadcast;

	2nd stage SCI beta_offset indicator 
	2 bits
	Used to calculate the number of REs to be used for 2nd SCI transmission

	Frequency domain resource assignment for current Tx
	~ bits
	The frequency resource assigned for current PSCCH and associated PSSCH transmission. Number of bits determined by the number of sub-channels in the resource pool.

	Time-frequency resource for reserved future Tx(s) and/or previous Tx(s) 
	~ bits
	To indicate the time-frequency position of reserved resource, the exact number of bits is FFS (may depend on the discussion in resource allocation agenda)

	Transmission Mode
	2 bits
	PSSCH transmission mode

	CRC
	24 bits
	


Although for unicast/groupcast the source ID is used for HARQ combining, the source ID should be included in the 1st stage of SCI. UEs do sensing can use the source ID to identify if there are multiple UEs reserving the same or overlapping resource.
Proposal 2: the source ID should be included in the 1st stage SCI 

2.3 2nd stage SCI
Unicast, groupcast, and broadcast can have different size of 2nd stage SCI. In Table 2, the information fields that should be included in the 2nd stage SCI are summarized. 
Table 2: Information fields in the 2nd stage SCI
	Fields 
	Num. of bits
	Comments

	For broadcast

	NONE

	For Unicast

	Destination ID
	~ bits 
	To identify the destined PSSCH 

	HARQ process ID
	4 bits
	For HARQ combining

	NDI
	1 bit
	To identify the new data Tx or retransmission

	RV
	2 bits
	Redundancy Version

	CRC
	24 bits
	

	For groupcast

	Destination ID
	~ bits 
	To identify the destined PSSCH 

	HARQ process ID
	4 bits
	For HARQ combining

	NDI
	1 bit
	To identify the new data Tx or retransmission

	RV
	2 bits
	Redundancy Version

	Source location and range indication
	~ bits
	To identify the geographical distance from source to destination for HARQ feedback

	CRC
	24 bits
	


3 Sidelink Physical Channels

3.1 PSCCH

According to the general guidance from RAN plenary [2], sidelink design should try to reuse the existing functionality. The concept of CCE and REG is introduced in Rel-15 NR PDCCH structure, where each REG occupies 1 PRB in 1 symbol, and each CCE occupies 6 PRBs. REGs in multiple symbols can be bundled together. The same structure can be reused for PSCCH design. 

In Rel-15 NR PDCCH design, a PDCCH may occupy different number of CCEs with different aggregation levels. In addition, both interleaved and non-interleaved mapping are supported for CCE-to-REG mapping. However, for sidelink design, there may not exist a centralized coordinator to suitably allocate control channel resources for each UE. If multiple aggregation levels and interleaved mapping are supported, much complexity would be introduced to avoid potential PSCCH collision, and to align the frequency domain resource usage of PSCCH and its associated PSSCH. Considering the timeline of Rel-16 V2x, we propose:

Proposal 3: NR PDCCH structure is reused for PSCCH design.

· Only fixed aggregation level and non-distributed CCE-to-REG mapping is supported in Rel-16 V2x

As sub-channel based PSSCH resource allocation is used, and the size of sub-channel is (pre)-configured, the frequency domain size of a PSCCH resource should not exceed the minimum (pre)-configured size of the sub-channel. Assuming the same coding rate of PSCCH, the number of symbols of a PSCCH resource should be correspondingly changed according to the configured size of sub-channel in a resource pool. However, (pre)-configuration on the number of symbols occupied by a PSCCH seems not necessary, which can be inferred given the number of CCEs a PSCCH occupies and the configured size of sub-channel. 
3.2 PSFCH

In email discussion [98-NR-10], it is FFS whether there should be (pre)-configurations on the frequency domain resource that PSFCH can occupy. Until now, there is only 1 PSFCH format is agreed which occupies only 1 OFDM symbol. For this PSFCH format, it is agreed that in Rel-16 FDM between PSFCH and PSCCH/PSSCH is not supported. Although it is not agreed yet, from AGC guard time point of view, FDM between PSFCH and other physical channel is not preferred. There seems no necessity to have additional (pre)-configuration on PSFCH frequency resource, since there is no other sidelink physical channels can share the resource in the same symbol with PSFCH.  

Proposal 4: for PSFCH format with only 1 symbol, (pre)-configuration on frequency resource set for PSFCH usage is not needed.

4 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. In [4] the Tx/Rx switching timing is confirmed. Although there is no consensus on AGC timing. From RAN4 reply the AGC timing will be less than 35 us. When SCS is 15 KHz, 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 made the observation and proposal as below:

Observation 1: if PSCCH/PSSCH is multiplexed in TDM mode in a single slot, protection on PSCCH over AGC adjustment is needed.
Proposal 5: The guard period and AGC protection can be integrated in a single symbol to reduce the overhead.
5 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: UCI multiplexing is the baseline for 2nd stage SCI multiplexing with the sidelink data

· A sidelink beta-offset is used to determine the number of REs used to convey the 2nd stage SCI.

Proposal 2: the source ID should be included in the 1st stage SCI
Proposal 3: NR PDCCH structure is reused for PSCCH design.

· Only fixed aggregation level and non-distributed CCE-to-REG mapping is supported in Rel-16 V2x

Proposal 4: for PSFCH format with only 1 symbol, (pre)-configuration on frequency resource set for PSFCH usage is not needed.

Proposal 5: The guard period and AGC protection can be integrated in a single symbol to reduce the overhead.
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