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Introduction
In RAN#83 meeting, the WID for 5G V2X with NR sidelink was approved [1]. Regarding sidelink physical channel structures, the work scopes are aligned with TR 38.885 [2], which is the study outcome for NR V2X.  Therefore, the discussion would be the continuation of the discussion in the study item phase 
In this contribution, we provide our views on details of sidelink physical layer structures and procedure(s). 

Slot structure with physical channels 
For NR sidelink, three physical channels are agreed to support, i.e., PSCCH, PSSCH, and PSFCH. The next details to be discussed is which combinations among the three physical sidelink channels are allowed to be in the same slot. 
[image: ]
Figure 1. Example of sidelink slot structure
The above figure shows the example of slot structure having PSCCH, PSSCH, and PSFCH in the same slot. Similarly, there are 7 combinations as below.
	1. PSCCH only
	4. PSCCH + PSFCH
	7. PSCCH + PSSCH + PSFCH

	2. PSSCH only
	5. PSSCH + PSFCH
	-

	3. PSFCH only
	6. PSCCH + PSSCH
	-


RAN1 needs to discuss the use cases of each case. PSCCH+PSSCH is necessary to support basic broadcast transmission. For unicast, PSCCH+PSSCH+PSFCH and PSFCH-only cases seem also to be needed. The remaining cases may have the potential use cases such as cross-slot scheduling and resource reservation. However, cross-slot scheduling and resource reservation without data are unclear whether to be essential or not. Therefore, after discussion and decision on whether to support those use cases for NR sidelink, then RAN1 can conclude which combinations of physical sidelink channels are supported. 
[bookmark: _Ref5190369]Observation 1. PSCCH+PSSCH, PSCCH+PSSCH+PSFCH, PSFCH-only transmissions within a slot are necessary to support.
[bookmark: _Ref5190373]Observation 2. Further discussion is needed to further the use cases of PSCCH-only, PSSCH-only, PSCCH+PSFCH, PSSCH+PSFCH transmission.
[bookmark: _Ref5190377]Proposal 1. Discuss use cases and details of SL slot structures to be supported, e.g., which combinations among PSCCH, PSSCH, PSFCH will be supported.

Modulation order and channel coding 
LTE V2X supports modulation up to 64QAM in Rel-15. However, a Rel-14 V2X UE can only support up to 16QAM, which causes additional complexity on system configuration, especially considering the nature of broadcast traffic in LTE V2X. In NR sidelink, it is better to support 64QAM from the beginning. On the other hand, NR Uu supports 256QAM as an UE capability to provide higher peak date rate. Advanced use NR V2X use cases require very high data rate and 256QAM needs to be supported. So, not only to avoid that similar discussion to modulation for Rel-15 V2X happens but also to support the advanced use cases, it is reasonable to introduce 256QAM in the first release of NR V2X.
LTE V2X uses TBCC for control channel and Turbo code for data channel, which are the same as LTE Uu. We prefer to adopt the same principle. Since NR uses polar coding for control channel and LDPC for data channel, NR V2X just follows it. By this way, when NR V2X is used to support all V2X use cases in the future, it will simplify the UE implementation. 
LTE V2X targets broadcast services and there is no physical layer ID in SCI. The sequence for scrambling and DMRS of data channel is randomized by the CRC of SCI. As discussed in [4], assuming an ID is used in physical layer, the ID can be used in scrambling code as well as DMRS sequence generation. 
[bookmark: _Ref534628823][bookmark: _Ref5190379]Proposal 2: NR V2X supports the following
· 256 QAM
· LDPC for sidelink data, Polar code for SCI, and RM for SFCI. FFS on whether Polar code is used for SFCI.
· A physical layer ID for randomization of scrambling code and DMRS generation

Resource Pool
LTE V2X works on logical subframe indexing. In a SFN period, i.e. 10240 subframes, certain subframe as excluded first and the remaining subframes are logically indexed from as 0, 1, … Resource pool is then defined on the logical subframes using a bitmap of length 100, 20 or 16. The excluded subframes are subframes carrying SS/PSBCH, which have a periodicity of 160ms. 0, 2 or 3 resources for SS/PSBCH can be (pre)configured. Some other subframes are further excluded so that the remaining subframes after excluding for SS/PSBCH are a multiple of 100, 20 or 16 in a SFN period. According to this logical indexing, LTE V2X transmission with period X (or with reservation interval X) is not strictly periodic. The effective absolute period/interval is actually larger than X. Consequently, even if a selected/reserved resource meets the latency requirement at the beginning, it may become too late for a future packet even when jitter of packet generation is considered. It is not a real issue for larger reservation interval e.g. > 100. However, for short period of 20 or 50, it may cause major impacts. Such issue was already discussed at late stage in LTE V2X, but was not handled due to lack of time. 



Figure 2: Logical subframe indexing in LTE V2X

NR V2X needs to guarantee tighter latency requirement than LTE V2X. An advanced use case in [3] targets the end-to-end latency as low as 3ms, which means that the latency at radio interface should be even shorter. Considering periodic transmission and quite short latency requirement in NR V2X, the above issue for resource selection/reservation using logical indexing should be further studied. 
[bookmark: _Ref534628826]Proposal 3: Discuss whether logical slot indexing or physical slot indexing is used in NR sidelink.

Resource pool and BWP
	According to the agreements made so far, one example of SL BWP and resource pool is shown in Figure 3, where a resource pool is located in a SL BWP.
[image: ]
[bookmark: _Ref533703263]Figure 3: Example of resource pool and SL BWP
When configuring a resource pool, the granularity needs to be discussed for frequency and time domains. In order to have scheduling and configuration flexibility, PRB and slot are preferred for the granularity of a resource pool. 
[bookmark: _Ref534628829]Proposal 4: The granularity of resource pool is PRB and slot.

For the design of resource pool, flexibility to assign a resource pool should be considered. Resource pool definition in LTE V2X is flexible enough and can be considered as a baseline for NR V2X. The time domain pattern can be signaled by a bitmap, while the frequency domain pattern can be a set of continuous PRBs. Also, non-contiguous frequency resource allocation in a resource pool can be considered in order to have forward compatibility and to have reserved resources within a resource pool. 

Physical Channel and Signal Structures
In this section, the designs of PHY SL channels and signals are discussed. 

PSCCH
[image: ]
Figure 4. Illustration of Rel-15 NR PDCCH structure
	Rel-15 NR PDCCH uses the mapping structure by defining REG and CCE, where REG occupies 1 PRB and 1 symbol, and CCE occupies 6 REGs. With the existing PDCCH structure, the following alternatives can be considered for PSCCH structure. 
· Alt 1) Reuse NR PDCCH structure for PSCCH.
· Alt 2) Introduce new structure for PSCCH.
At this point, Rel-15 NR PDCCH structure seems enough to support all use cases for NR V2X. 
	Next, it needs to be discussed where PSCCH is mapped. This may be related to the resource allocation and granularity of PSCCH, e.g., subchannel or n PRB(s). Also, how to define search space needs to be discussed.   
One more thing to discuss is whether to support distributed (interleaved) mapping of PSCCH. Differently from PDCCH which can be decided by one gNB for mapping, each vehicle may transmit PSCCH by its decision for mapping. In this case, when interleaved mapping is used for PSCCH, the frequency band may not be utilized efficiently due to frequency resource collision among multiple PSCCH transmitted by different vehicles. 
[bookmark: _Ref534628840]Proposal 5. Rel-15 NR PDCCH structure is the baseline for PSCCH.
[bookmark: _Ref534628843]Proposal 6. Discuss further whether to support interleaved mapping for PSCCH or not.
The subchannel size and the frequency/time domain granularity of PSCCH are not decided. The granularity of PSCCH should depend on SCI format size and target coverage. One potential issue is whether the granularity of PSCCH is smaller than subchannel size and whether to allow multiple candidate PSCCH resources within one subchannel. Multiple candidate resources for PSCCH may help to reduce collision probability between different UEs. And then RAN1 can discuss how to map PSCCH into the candidate resources and whether to map more than one PSCCH in a single subchannel. 
[bookmark: _Ref5190394]Proposal 7. Discuss the subchannel size and granularity of PSCCH.
[bookmark: _Ref5190397]Proposal 8. Discuss further UE behaviour for possible multiple candidate PSCCH resources within subchannel.


Two-stage SCI
[bookmark: _GoBack]This is one of the important topics that should be concluded. One of the potential benefit is reduction of the number of blind decoding of SCI. This is based on the assumption of the first SCI with the same size regardless of service types, e.g., unicast, groupcast, and broadcast. However, this can be also applied to single-stage SCI if all SCI for unicast, groupcast, and broadcast has the same size. Since 2 CW would not be supported in NR sidelink due to the limitation of the number of antenna ports, there may not be much difference on SCI sizes. 
[bookmark: _Ref5190400]Proposal 9. Discuss first the contents of SCI for different services, and then discuss whether to support two-stage SCI or not.

PSSCH
For CP-OFDM, Rel-15 NR PUSCH has the similar design as PDSCH, i.e., channel coding, mapping type A/B, mapping order, DMRS, resource allocation and so on. Considering that option 3 in Figure 4 is supported and the first OFDM symbol needs to be used for AGC, Rel-15 NR PDSCH design may be better than Rel-15 NR PUSCH design. So, Rel-15 NR PDSCH structure can be reused for PSSCH. One issue to be discussed is whether to support either NR PDSCH mapping type A or NR PDSCH mapping type B, or both for PSSCH. Considering standardization time line, supporting PDSCH mapping type A is preferred for PSSCH mapping type. 
[bookmark: _Ref534628849]Proposal 10. Rel-15 NR PDSCH design is the baseline for PSSCH
[bookmark: _Ref534628855]Proposal 11. Support PSSCH mapping type based on PDSCH mapping type A.

DMRS
[image: ]
[bookmark: _Ref534623091]Figure 5. Examples of DMRS symbol location within a slot in Rel-15 NR
Figure 5 shows some examples of Rel-15 NR DMRS structures. The location of Rel-15 NR DMRS symbols is quite flexible and is able to support various PDSCH and PUSCH structures, which have different starting symbol and length. So, reusing Rel-15 NR DMRS structure for NR V2X can be considered but there are some remaining issues to be discussed further. One issue is whether all or subset of Rel-15 DMRS positions are supported. All structures and positions may not be needed for NR V2X use cases. The other issue is that the first symbol of a slot needs to be used for AGC and DMRS may not be located in that symbol. In such a case, since some of DMRS patterns supported in Rel-15 NR cannot be applied for NR V2X, new DMRS pattern needs to be introduced. Our companion contribution provides evaluation results of PSSCH using existing Uu DMRS type1 and type 2 patterns where DMRS positions defined in PDSCH were reused by considering the first one OFDM symbol for AGC time and last one symbol for switching time [5]. The evaluation result show that Uu DMRS type1 and/or type 2 patterns can be reused for NR PSSCH DMRS pattern for frequency domain. Also, as explained above, the structure of DMRS can be applied to PSBCH and PSCCH as the same as PBCH and PDCCH, respectively.
[bookmark: _Ref534628865][bookmark: _Ref797164]Proposal 12. Rel-15 NR PBCH/PDCCH/PDSCH/PUCCH DMRS’s is are the baselines for PSBCH, for PSCCH, for PSSCH, and for PSFCH, respectively.

CSI-RS/SRS

[image: ]
Figure 6. Examples of CSI-RS and SRS in Rel-15 NR
In Rel-15, there exist two types of RS for channel measurement which are CSI-RS and SRS. UE can measure and decide a proper CQI and RI for downlink based on CSI-RS. On the other hand, gNB can measure and decide a proper CQI and RI for uplink based on SRS. So, the following alternatives can be considered for sidelink CSI measurement RS. 
· Alt 1) Reuse NR CSI-RS for sidelink CSI measurement 
· Alt 2) Reuse NR SRS for sidelink CSI measurement
[bookmark: _Ref534628867]Proposal 13. NR CSI-RS design is a starting point for design of sidelink RS for sidelink CSI measurement.

AGC
In evaluation result based on AGC assumptions [4], AGC preamble is required to obtain high reliability and throughput. However, this does not mean that the receiver should know which symbols deliver AGC preamble. The receiver just performs AGC according to received signal regardless of the symbol has AGC preamble or other signal. 
For the receiver to perform AGC well, the transmitter should transmit AGC preamble just before transmitting a signal or channel. If there are transmissions in contiguous slots, then additional preamble may not be needed, i.e., not all slots require AGC preamble before each slot.
[bookmark: _Ref895209]Proposal 14. Preamble for AGC is transparent to receiving UEs.

Conclusions
In this contribution, we provide our views on the physical layer structures for NR sidelink with the following observation and proposals.
Observation 1. PSCCH+PSSCH, PSCCH+PSSCH+PSFCH, PSFCH-only transmissions within a slot are necessary to support.
Observation 2. Further discussion is needed to further the use cases of PSCCH-only, PSSCH-only, PSCCH+PSFCH, PSSCH+PSFCH transmission.
Proposal 1. Discuss use cases and details of SL slot structures to be supported, e.g., which combinations among PSCCH, PSSCH, PSFCH will be supported.
Proposal 2: NR V2X supports the following
· 256 QAM
· LDPC for sidelink data, Polar code for SCI, and RM for SFCI. FFS on whether Polar code is used for SFCI.
· A physical layer ID for randomization of scrambling code and DMRS generation
Proposal 3: Discuss whether logical slot indexing or physical slot indexing is used in NR sidelink.
Proposal 4: The granularity of resource pool is PRB and slot.
Proposal 5. Rel-15 NR PDCCH structure is the baseline for PSCCH.
Proposal 6. Discuss further whether to support interleaved mapping for PSCCH or not.
Proposal 7. Discuss the subchannel size and granularity of PSCCH.
Proposal 8. Discuss further UE behaviour for possible multiple candidate PSCCH resources within subchannel.
Proposal 9. Discuss first the contents of SCI for different services, and then discuss whether to support two-stage SCI or not.
Proposal 10. Rel-15 NR PDSCH design is the baseline for PSSCH
Proposal 11. Support PSSCH mapping type based on PDSCH mapping type A.
Proposal 12. Rel-15 NR PBCH/PDCCH/PDSCH/PUCCH DMRS’s is are the baselines for PSBCH, for PSCCH, for PSSCH, and for PSFCH, respectively.
Proposal 13. NR CSI-RS design is a starting point for design of sidelink RS for sidelink CSI measurement.
Proposal 14. Preamble for AGC is transparent to receiving UEs.
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