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Introduction
The NR V2X physical layer structure has been discussed. The following agreements have been made in [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

In this contribution, we provide our views on multiple aspects of physical layer structures design, including resource pool, PSCCH design, PSFCH design, as well as reference signal design. 
Discussion
Resource Pool
Resource pool is a set of time and frequency resources that can be used for sidelink transmission and/or reception. A resource pool can consist of non-contiguous time resources [2]. In our view, a resource pool should always consist of contiguous frequency resources. This design not only reduces signaling overhead, but also avoids in-band emission problem. On the other hand, if the available frequency resources for sidelink transmissions are non-contiguous, multiple resource pools with contiguous frequency resources can be configured instead of configuring a single resource pool with non-contiguous frequency resources.

Proposal 1: Resource pool always consists of contiguous resources in frequency domain.

PSCCH Design
It was agreed [3] that the starting symbol and the number of symbols for a PSCCH are known to receiver UE before decoding the PSCCH. Next, we discuss the details about the starting symbol and symbol duration for PSCCH. 

In NR Uu, the symbol duration of control resource set (CORESET) is a part of the CORESET configuration. The maximum CORESET duration is 3 OFDM symbols, which implies PDCCH duration is no more than 3 OFDM symbols. 

The NR PDCCH symbol duration design could be extended to PSCCH. Specifically, the PSCCH duration is a part of resource pool configuration, while the maximum PSCCH duration is 3 OFDM symbols. This system wide configuration ensures receiver UE knows PSCCH symbol duration before decoding the PSCCH. 

Proposal 2: Resource pool configuration includes the number of PSCCH symbols, and the maximum PSCCH duration is 3 OFDM symbols.

Unlike NR Uu link, the first symbol in a slot for sidelink transmissions is usually used for AGC training. This implies transmission on the first OFDM symbol is not reliable due to AGC training. Hence, it is not preferred to allocate PSCCH on the first symbol. On the other hand, one main purpose of TDM of PSCCH and PSSCH multiplexing is to reduce PSCCH decoding latency. Hence, PSCCH should be allocated as early as possible in a slot. Hence, we propose that the starting symbol of PSCCH is the second symbol in a slot. 

Proposal 3: The PSCCH should start from the second symbol in a slot to avoid AGC handling. 

In NR Uu, multiple aggregation levels are designed for PDCCH to support different coverage scenarios. In NR V2X, various use scenarios have different minimum communication range requirements [4]. Multiple PSCCH resource levels can be applied to fit various coverage scenarios. In general, a high PSCCH resource level is used for large coverage, and a low PSCCH resource level is used for small coverage. The set of PDCCH aggregation levels defined in NR should be reused for PSCCH. 

Proposal 4: Flexible PSCCH frequency resource allocation should be supported. 

It was agreed [1] to support 2-stage SCI, where SCI stage 1 is carried in PSCCH. A resource pool can be used for sidelink unicast, groupcast and broadcast. Different cast-types have different pieces of control information. However, the control information common to all cast-types is the resource reservation information. This information is needed by all UEs performing sensing and resource allocation. 

One motivation of 2-stage SCI is to separate the sidelink control information into two parts (or stages), where the first part contains at least channel sensing information which is needed for all UEs, and the second part contains the information only for targeted UE(s). With this design, untargeted UE(s) of sidelink unicast and groupcast only need to decode SCI stage 1.

The information related to channel sensing includes time and frequency resource locations for current transmission and retransmission(s), resource reservation period and data priority indication. Also, sidelink RSRP measurement is a part of sensing procedure. In our companion contribution [5], we propose the sidelink RSRP measurement is based on PSSCH DMRS. It was agreed [1] that multiple PSSCH DMRS time domain patterns per resource pool is supported, where the exact DMRS pattern is indicated by SCI. This DMRS pattern indication is hence related to channel sensing and should be contained in SCI stage 1. 

Furthermore, SCI stage 2 is designed to be decoded only by targeted UE(s). Hence, it is necessary to indicate in SCI stage 1 the destination ID of sidelink transmission. Based on the above analysis, we have the following proposal: 

Proposal 5: SCI stage 1 should contain at least destination ID, time and frequency resource locations for current transmission and retransmission(s), resource reservation period, data priority indication and DMRS time domain pattern indication.

To reduce decoding complexity, it is preferred not to perform blind decoding of SCI stage 2. Furthermore, the SCI stage 1 decoding complexity should also be reduced. Considering multiple PSCCH resource levels will be used for different coverage scenarios, we prefer to have a common SCI stage 1 payload size for unicast, groupcast and broadcast to lower the blind decoding complexity. 

Proposal 6: The SCI stage 1 payload size should be identical for unicast, groupcast and broadcast. 

Since SCI stage 1 contains channel sensing related information, it should be reliably transmitted as it will affect other UEs’ behavior and has significant impact on system performance. One natural way of increasing SCI stage 1 transmission reliability is to allocate more resources for it and hence reducing its code rate. Hence, we propose that the whole PSCCH resources are used to carry SCI stage 1, while SCI stage 2 is carried in PSSCH.

Since SCI stage 2 contains necessary information for sidelink data decoding, the multiplexing of SCI stage 2 and sidelink data on PSSCH should consider the latency and reliability requirements of SCI stage 2. For example, SCI stage 2 should be allocated in the front of a slot so that it can be decoded earlier and should not be allocated around the boundary of a sub-channel to avoid in-band emission.   

Proposal 7: SCI stage 2 should be carried in PSSCH.

PSFCH Design
It was agreed [6] that a sequence-based PSFCH format with one symbol (not including AGC training period) is supported, and the PUCCH format 0 is the starting point for this PSFCH format. Note that the PUCCH format 0 occupies 1 PRB to carry a length-12 sequence. It is natural to support the sequence-based PSFCH format to occupy 1 PRB. While the benefit of allocating more than 1 PRB for the sequence-based PSFCH format is unclear, we have the following proposal:

Proposal 8: The sequence-based PSFCH format only occupies 1 PRB.


Note that PUCCH format 0, as the starting point for the sequence-based PSFCH format, can carry no more than 2 information bits. If a receiver UE receives multiple transport blocks in consecutive slots from a transmitter UE and if PSFCH periodicity is 4 slots, the receiver UE could multiplex HARQ-ACK feedback. It is possible the number of HARQ-ACK bits is more than 2. The sequence-based PSFCH format is unable to support this payload size. Hence, a new PSFCH format (e.g., like PUCCH format 2) is additionally needed. 

Proposal 9: Supports an additional PSFCH format to carry more than 2 information bits. 

Multiplexing of PSCCH and PSSCH
The multiplexing of PSCCH and PSSCH has been extensively discussed. Among the four options, Option 3 of multiplexing of PSCCH and PSSCH is working assumption [7]. Due to its TDM nature, Option 3 can achieve low latency of PSCCH decoding. Among the three TDM options of multiplexing PSCCH and PSSCH, Option 1A has a large PSCCH decoding complexity, and Option 1B requires an additional transient period during the switch between PSCCH and PSSCH due to the significant power transient. It is clear that Option 3 does not have obvious drawback, and the working assumption can be confirmed. 

Proposal 10: Confirm Option 3 of PSCCH and PSSCH multiplexing for NR V2X sidelink.

Reference Signal Design 
In LTE V2X, there are four PSSCH DMRS symbols in a sub-frame, located at the 3nd, 6th, 9th and 12th symbol in a subframe. These DMRS symbols are aimed to cope with high mobility. It was agreed [1] that (pre-)configuration of one or more PSSCH DMRS time domain patterns per a resource pool is supported. The details of the time domain patterns are still open. 

Since multiple PSSCH DMRS time domain patterns are supported, these patterns should have different DMRS densities to fit various mobility environments. Specifically, we support 4 PSSCH DMRS time domain patterns with respective density of 1, 2, 3 and 4 OFDM symbols. 

Proposal 11: Support 4 possible PSSCH DMRS time domain patterns, with respective DMRS density of 1, 2, 3 and 4 symbols.   

NR PDSCH supports front-loaded DMRS, where the first DMRS symbol is at the beginning of PSDCH region and up to 3 DMRS symbols can be additionally used [8]. The determination of additional DMRS positions depend on higher layer configuration parameters (e.g., number of additional DMRS symbols, maximum number of OFDM symbols for the front-loaded DMRS), as well as PDSCH symbol durations. 

Like NR PDSCH, the front-loaded DMRS structure can be used for PSSCH. In sidelink, the first symbol in a slot is used for AGC training. Hence, the first PSSCH DMRS symbol can be the second symbol in a slot.

Proposal 12: Support front-loaded PSSCH DMRS, where the first DMRS symbol is the second symbol in a slot.

In PSCCH and PSSCH multiplexing Option 3, PSSCH duration can be as large as 13 symbols by only excluding the GAP symbol. If PSSCH DMRS density is larger than 1 symbol, then the additional DMRS symbol positions could follow the PDSCH DMRS design. 

Proposal 13: If a PSSCH DMRS time domain pattern has more than 1 symbol, the additional DMRS position(s) follows PDSCH DMRS design. 

For Mode 2, a transmitter UE can select a DMRS time domain pattern, probably depending on its instantaneous speed and MCS. In our view, the similar selection can be made by a Mode 1 transmitter UE as well. Without the knowledge of a Mode 1 UE’s instantaneous speed, a gNB cannot select a suitable DMRS time domain pattern for that UE. On the other hand, constant reporting of UE’s instantaneous speed to gNB increases signaling overhead. Hence, we have the following proposal:

Proposal 14: PSSCH DMRS time domain pattern should be selected by transmitter UE in Mode 1. 

Conclusion
In this contribution, we provide our views on multiple aspects of physical layer structures design. Our proposals are as follows: 

Proposal 1: Resource pool always consists of contiguous resources in frequency domain.
Proposal 2: Resource pool configuration includes the number of PSCCH symbols, and the maximum PSCCH duration is 3 OFDM symbols.
Proposal 3: The PSCCH should start from the second symbol in a slot to avoid AGC handling. 
Proposal 4: Flexible PSCCH frequency resource allocation should be supported. 
Proposal 5: SCI stage 1 should contain at least destination ID, time and frequency resource locations for current transmission and retransmission(s), resource reservation period, data priority indication and DMRS time domain pattern indication.
Proposal 6: The SCI stage 1 payload size should be identical for unicast, groupcast and broadcast.
Proposal 7: SCI stage 2 should be carried in PSSCH.
Proposal 8: The sequence-based PSFCH format only occupies 1 PRB.
Proposal 9: Supports an additional PSFCH format to carry more than 2 information bits. 
Proposal 10: Confirm Option 3 of PSCCH and PSSCH multiplexing for NR V2X sidelink.
Proposal 11: Support 4 possible PSSCH DMRS time domain patterns, with respective DMRS density of 1, 2, 3 and 4 symbols.   
Proposal 12: Support front-loaded PSSCH DMRS, where the first DMRS symbol is the second symbol in a slot to avoid AGC handling.
Proposal 13: If a PSSCH DMRS time domain pattern has more than 1 symbol, the additional DMRS position(s) follows PDSCH DMRS design. 
Proposal 14: PSSCH DMRS time domain pattern should be selected by transmitter UE in Mode 1. 
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