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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN Plenary meeting #80, the study item of NR based V2X was agreed [1]. Physical layer structures and procedure is one of the objectives:
	· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)
· Study sidelink synchronization mechanism
· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols


The SID indicates NR V2X would support advanced V2X services defined by SA1 and the consolidated requirements for each use case group are captured in TR 22.886 [2]. NR V2X on PC5 is subject to more stringent requirements than that for LTE V2X. Importance aspects are considered as follows:
· Low end-to-end latency
· High data rate
· High reliability
In this contribution, we discuss some physical layer structure related aspects that are essential for efficient NR sidelink, including the following topics:
· Waveform 
· Numerology
· Multiplexing between PSCCH and PSSCH
· Resource pool
· DMRS design for PSCCH and PSSCH
· Transmit diversity
2. Waveform 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In Release 15, NR supports both CP-OFDM and DFT-s-OFDM for UL transmission. The advantages for CP-OFDM and DFT-s-OFDM are listed as follow:
· CP-OFDM
· Support flexible resource allocation
· Support multi-layer transmission
· DFT-s-OFDM
· Low Peak to Average Power Ratio (PAPR)
In RAN1 #94bis meeting, it has discussed whether both CP-OFDM and DFT-s-OFDM should be supported in NR sidelink. In our opinions, the PAPR issue is less critical than in uplink, especially for vehicle- type UE. On the other hand, the complexities and limitations to support DFT-s-OFDM in sidelink are more relevant.  
1. The implementation complexity is significantly increased for a UE to support reception of DFT-s-OFDM. Although a NR UE supports both CP-OFDM and DFT-s-OFDM transmissions, it only expects for reception in CP-OFDM. Introducing DFT-s-OFDM in sidelink requires additional UE implementation for a separate receiver for DFT-s-OFDM.
2. The processing complexity is high if a UE is required to blind detect the waveform of each transmission, especially for broadcast transmission where the negotiation for the waveform of broadcast transmission among UEs is not possible, at least for the initial reception. 
3. The specification efforts are high for sidelink channel design. Note that the synchronization signals and channel, and the downlink control channel are designed based on CP-OFDM in NR Uu. If DFT-s-OFDM is supported, additional efforts are needed to for the designs of the synchronization signals/channel and the control channel even if the design of Uu are reused for sidelink.
To simplify the design and the UE implementation, we prefer to select CP-OFDM as the single waveform in NR sidelink.
[bookmark: _Ref521358480]Proposal 1: Only CP-OFDM is supported in NR sidelink. 
3. [bookmark: OLE_LINK21]Numerology
In RAN1 #94bis, the following agreement was approved:
	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


Based on the above, we can see that 15 kHz, 30 kHz, 60 kHz in FR1 are supported, while 60 kHz, 120 kHz are supported in FR2. In NR release15, only NCP is supported with an exception of 60 kHz for which ECP can be used for scenarios with large delay spreads. Considering the overhead and complexity, whether to support ECP in NR sidelink needs to further study.
3.1. [bookmark: OLE_LINK15][bookmark: OLE_LINK16]CP type
In NR sidelink, it is noted that smaller SCS is beneficial to support larger communication range. In the case that UE1 receives messages from two other UEs (e.g., UE2 and UE3) simultaneously, the difference of arriving time of these signals should be shorter than the CP length, and if not, it would lead to severe inter-symbol interference. When UE2 is near UE1, and UE3 is far away from UE1, we can assume that the transmission time between UE1 and UE2 is close to 0. And the largest transmission time between UE3 and UE1 is restricted by the CP length. Therefore, the coverage range depends on the CP length. The relationship between the maximum coverage and the CP length can be found in Table 1.
[bookmark: _Ref525561521]Table 1 CP duration and coverage
	SCS
	Normal CP
	Extended CP

	
	CP duration (us)
	Coverage (meters)
	CP duration (us)
	Coverage (meters)

	15kHz
	4.69
	1400
	-
	-

	30kHz
	2.34
	700
	-
	-

	60kHz
	1.27
	380
	4.17
	1250

	120kHz
	0.64
	190
	-
	-

	240kHz
	0.34
	100
	-
	-


[bookmark: _Ref521358485]  
[bookmark: OLE_LINK4]Table 2 Performance requirement for large communication range scenario
	Req #
	Payload (Bytes)
	Tx rate (Message/Sec)
	Max
end-to-end latency
(ms)

	Reliability (%)
(NOTE3)
	Data rate (Mbps)
	Min required Communication range (meters) 
(NOTE 4)

	[R.5.4-001]
	1600
	10
	100
	99
	
	1000

	[R.5.4-005]
	
	
	50
	99
	10
	1000

	[R.5.3-002]
	6500
(NOTE 1)
	10
	100
	
	
	700

	[R.5.3-004]
	6000
(NOTE 1)
	10
	100
	
	
	700

	[R.5.3-006]
	2000
(NOTE 5)
	
	3
	99.999
	30
	500



The maximum required communication range is 1000m in TS22.186 [4]. According to table 1, we can see that 15kHz SCS with normal CP and 60kHz SCS with extended CP can satisfy the coverage. In our views, there is no need to satisfy the largest communication range and the lowest latency at the same time according to the use cases above. Given 15 kHz with normal CP has lower overhead than 60 kHz with extended CP and a single CP for all the SCS can significantly simplify the design, we prefer to adopt normal CP only in NR sidelink.
[bookmark: _Ref525804383]Proposal 2: Normal CP is used in NR sidelink.
4. Multiplexing between PSCCH and PSSCH
[bookmark: OLE_LINK1]In the RAN1 #94 and RAN1 #94bis meeting, following agreements were achieved.
	In RAN1 #94
Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· 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.
Illustration of the above options:
[image: ]

In RAN1 #94bis
Agreements:
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




[bookmark: OLE_LINK28][bookmark: OLE_LINK27]In the last meeting, the TDM-like multiplexing between PSCCH and the associated PSSCH was agreed. In total, there are three options. Whether to support all or just part of them needs to further study.
· In option 1A, the frequency resource of PSCCH needs to be the same as PSSCH. For PSSCH, the allocated frequency resource may be significantly different according to the size of transmission packet while the size of control information is relatively fixed. If the frequency resource of PSCCH is always required to be the same as PSSCH, there will be some uncertainties  in the allocated resource and scalable code rate for control information, which increase the complexity of blind decoding.
· In option 1B, the frequency domain is independently configured. The code rate of control information can be fixed, its complexity of blind decoding is less than option1A. But in this situation, the unoccupied resource cannot be utilized by other UEs. 
· In option 3, PSCCH and data can be transmitted in the same symbol. Higher spectrum efficiency than option 1B can be achieved. However, some special handling for dynamic sharing between PSCCH and PSSCH may be needed, e.g. collision of channels between different UEs, rate-matching, etc. 
Considering the cons and pros, option 1B and option 3 can be considered in NR V2X.
[bookmark: _Ref521330047][bookmark: OLE_LINK29]Proposal 3: For multiplexing between PSCCH and PSSCH, both Option 1B and Option 3 can be considered in NR V2X. 
Compared with TDM, FDM is beneficial for power sharing. In this case, flexible power sharing can be performed, so that control information can get higher reliability. Besides, in FDM manner like LTE, the frequency efficiency and AGC performance are acceptable. If the latency can be satisfied, option 2 can also be considered.
[bookmark: _Ref528682214]Proposal 4: For multiplexing between PSCCH and PSSCH, option 2 can also be considered in NR V2X.
5. Resource pool
In Section 4, we discuss the multiplexing between PSCCH and the associated PSSCH. In our opinion, both TDM and FDM can be supported in NR V2X. It is preferred to separate the FDM and TDM scheme in different resource pools which is beneficial to reduce the complexity of blind decoding for PSCCH. Resource pool structures for different multiplexing types are illustrated in Figure 1:


[bookmark: _Ref528684711]Figure 1 Resource pool structure
Furthermore, sub-channel can be considered to reduce the overhead of resource allocation. It can also reduce the blind decoding complexity of PSCCH. Particularly, in the TDM resource pool, it is better that PSCCH and PSSCH follow a single sensing procedure. According to section 4, if option 1B is adopted, the unutilized resource of PSCCH symbols is preferred not occupied by other UEs. We assume the frequency resource for PSCCH allocated to a UE is the same as that for the corresponding PSSCH in the same TTI. It means that the frequency resource allocated to a UE should be the same without distinguishing different symbols in a TTI. As illustrated in Figure 2:
[image: ][image: ]
[bookmark: _Ref528690749]Figure 2 Resource pool with 6PRBs sub-channel
[bookmark: _Ref528686508]Proposal 5: Sub-channel should be supported in resource pool in NR sidelink.
[bookmark: _Ref528682310]Proposal 6: If PSCCH and PSSCH is multiplexing in TDM manner, frequency resource allocated to a UE should be the same without distinguishing different symbols in the same TTI in NR sidelink. 
6. DMRS design for PSCCH and PSSCH
In the RAN1 #94 meeting, it was agreed that at least PSCCH and PSSCH are defined for NR V2X. And DMRS defined in Rel-15 NR Uu is the starting point. In this section, we evaluate the demodulation performance of Rel-15 DMRS design when it is applied in NR V2X and put forward some improvement to make it more suitable for NR sidelink feature.
6.1. Preliminary evaluation results on DMRS for PSCCH
In the last meeting, it has been agreed to at least support TDM-like multiplexing between PSCCH and associated PSSCH. It is desirable to reuse as much as possible the existing design of NR Uu. Therefore, DMRS design in PDCCH can be a starting point for NR V2X PSCCH. The pattern is illustrated in Figure 3:
[image: ]
[bookmark: _Ref528959852]Figure 3 DMRS pattern for PSCCH of 3 OFDM symbols
In a first step, the performance is evaluated in the ITS band. In this simulation, the non-interleaved mapping is assumed. Various aggregation levels, configurations of the antenna and SCS are evaluated under a relative speed of 500km/h. The payload size of PSCCH is 39bits (not including CRC). Polar coding is applied for PSCCH transmission. The detailed simulation parameters are listed in Table 3 in the Appendix.
· PSCCH 5.9GHz QPSK-39bits
	[image: ]
	[bookmark: _GoBack][image: ]

	(a) 15 kHz, 3 symbols
	(b) 30 kHz, 3 symbols

	Figure 4 Performance evaluation for PSCCH QPSK of 3 OFDM symbols


The results show that the configuration of the higher aggregation level is beneficial. If the required BLER is 1%, and the target SNR is -6dB, higher aggregation level and multiple antenna configurations are required. 
[bookmark: _Ref528959479]Observation 1: The following are beneficial for the performance of PSCCH: 
· High aggregation level 
· Multiple antenna configurations.
6.2. Preliminary evaluation results on DMRS for PSSCH
[bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36]In NR system, the DMRS pattern for data is flexible, which contains front-loaded DMRS and additional DMRS. In order to achieve robust channel estimation, up to three additional DMRS are supported. Nevertheless, the maximum relative speed needs to support in NR is 500km/h. It will result in severe Doppler Effect. In our simulations, we evaluate the performance of PSSCH accounting AGC and GP symbols, and under the relative velocity of 500km/h at different numerologies. One-symbol DMRS is considered. The DMRS patterns for evaluation are illustrated in Figure 5 and Figure 6.
[image: ]
[bookmark: _Ref525755509]Figure 5 DMRS pattern for PSSCH in the time domain

[image: ]
[bookmark: _Ref525935269]Figure 6 DMRS pattern for PSSCH in the frequency domain

In the simulation, a 1Tx-2Rx OFDM system is assumed and delay spread is 100ns, with subcarrier spacing of 15 kHz, 30 kHz and 60 kHz at 5.9GHz. The modulation scheme is QPSK and the code rate is 0.5. LDPC coding is applied for PSSCH transmission. The detailed simulation assumptions are listed in Table 3 shown in the Appendix.
· PSSCH 5.9GHz 15k QPSK-0.5
	[image: ]
	[image: ]

	[bookmark: OLE_LINK8](a) 140km/h, 300ns
	(b) 500km/h, 100ns

	[bookmark: _Ref525914972]Figure 7 Performance evaluation for PSSCH QPSK-0.5 with 15kHz SCS



· PSSCH 5.9GHz 30k QPSK-0.5
	[image: ]
	[image: ]

	(a) 140km/h, 300ns
	(b) 500km/h, 100ns

	[bookmark: _Ref525913644]Figure 8 Performance evaluation for PSSCH QPSK-0.5 with 30kHz SCS



· PSSCH 5.9GHz 60k QPSK-0.5
	[image: ]
	[image: ]

	(a) 140km/h, 300ns
	(b) 500km/h, 100ns

	[bookmark: _Ref525915740]Figure 9 Performance evaluation for PSSCH QPSK-0.5 with 60kHz SCS



[bookmark: OLE_LINK7]It is observed from Figure 7(b) that, in the high-speed scenario, the configuration of 15 kHz with 4 DMRS cannot meet the requirement. If the 15k Hz is supported in NR sidelink, the pattern of R15 NR DMRS needs to be enhanced. Up to five or even more DMRS would inevitably need for the high-speed scenario. 
[bookmark: _Ref525804390]Proposal 7: The R15 NR DMRS pattern for 15k Hz need to be enhanced in the high-speed scenarios.
The performance of different DMRS density in the frequency domain is evaluated. Although the performance of comb 6 is worse than that of comb 2 and comb 4, it can still satisfy the requirement in some scenarios. On the other hand, comb 6 is beneficial to reduce the overhead. Therefore, reduction of the DMRS number in the frequency domain can be taken into consideration.
However, as shown in Figure 9, where 60kHz SCS is evaluated, comb 6 cannot meet the requirement in the scenario with large delay spread. 
[bookmark: _Ref525922773]Observation 2: The performance of comb 6 is acceptable at least for 15 kHz and 30 kHz SCS configurations.
[bookmark: _Ref525922779]Observation 3: For 60k Hz SCS configuration, comb 6 cannot meet the performance requirement in the large delay spread scenario.
[bookmark: _Ref525921617]Proposal 8: Reduced density of DMRS in the frequency domain can be considered in NR sidelink.
Based on the results of Figure 7(a), Figure 8(a) and Figure 9(a), a lower density of DMRS in the time domain may meet the BLER requirements with lower overhead, at least in the low-speed scenario. 
In order to further evaluate the performance considering the overhead, the following simulations were executed under different speed assumptions, with fixed number of frequency resources. modulation order and the TBS. Noted that the code rate is changed according to the overhead of DMRS. 
· PSSCH 15kHz QPSK 25PRB

	[image: ]
	[image: ]

	(a) 30km/h
	(b) 140km/h

	[image: ]

	(c) 350km/h


[bookmark: _Ref525757181]Figure 10 Performance evaluation for PSSCH 15kHz, QPSK

[bookmark: _Ref521358504]It can be observed from Figure 10 that, the best DMRS configuration depends on the scenario. In the scenario of 30km/h, the performance for fewer DMRS symbols is better. In the scenario of 350km/h, it can satisfy the requirement only when four or even more DMRS symbols are configured. Therefore, a flexible frame structure with a configurable number of DMRS can be considered for NR sidelink.
[bookmark: _Ref525804395]Proposal 9: A flexible frame structure with a variable number of DMRS symbol may be beneficial to NR sidelink.
7. Transmit diversity
According to the SA1 requirement, the target reliability may be up to 99.999% in some cases. The technique of transmission diversity may be an effective way to obtain the spatial diversity gain for robustness, especially for control channel. Only transparent transmission diversity is supported for LTE eV2X due to the backward compatibility issue. Nonetheless, it can be considered for NR sidelink.
[bookmark: _Ref528682218]Proposal 10: Transmit diversity can be considered for NR sidelink at least for control channel.
8. Conclusion
In the contribution, we provide our considerations on the design of physical layer structure for NR sidelink, some observations are as follows:
Observation 1: The following are beneficial for the performance of PSCCH: 
· High aggregation level 
· Multiple antenna configurations.
Observation 2: The performance of comb 6 is acceptable at least for 15 kHz and 30 kHz SCS configurations.
Observation 3: For 60k Hz SCS configuration, comb 6 cannot meet the performance requirement in the large delay spread scenario.

Based on the discussion, we have following proposals:
Proposal 1: Only CP-OFDM is supported in NR sidelink. 
Proposal 2: Normal CP is used in NR sidelink.
Proposal 3: For multiplexing between PSCCH and PSSCH, both Option 1B and Option 3 can be considered in NR V2X.
Proposal 4: For multiplexing between PSCCH and PSSCH, option 2 can also be considered in NR V2X.
Proposal 5: Sub-channel should be supported in resource pool in NR sidelink.
Proposal 6: If PSCCH and PSSCH is multiplexing in TDM manner, frequency resource allocated to a UE should be the same without distinguishing different symbols in the same TTI in NR sidelink.
Proposal 7: The R15 NR DMRS pattern for 15k Hz need to be enhanced in the high-speed scenarios.
Proposal 8: Reduced density of DMRS in the frequency domain can be considered in NR sidelink
Proposal 9: A flexible frame structure with a variable number of DMRS symbol may be beneficial to NR sidelink
Proposal 10: Transmit diversity can be considered for NR sidelink at least for control channel.
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Appendix
[bookmark: _Ref521664105]Table 3 Link level evaluation assumption
	Assumption
	Value

	Carrier frequency
	5.9GHz

	Waveform
	CP-OFDM

	Subcarrier spacing
	15kHz, 30kHz, 60kHz

	Transmission layers for PSSCH
	1 layer

	Modulation order
	QPSK

	Chanel model
	TDL-A

	Delay spread
	100ns, 300ns

	Relative velocity
	500km/h, 140km/h

	Channel estimation method
	MMSE, non-ideal

	Punctured symbol
	AGC, GP, DMRS

	PSSCH

	TBS
	190bytes, 300bytes

	Channel coding
	LDPC

	Antenna configuration
	1Tx - 2Rx

	DMRS pattern in the time domain
	2 DMRS: <2, 11>
3 DMRS: <2, 7, 11>
4 DMRS: <2, 5, 8, 11>
5 DMRS: <2, 4, 6, 9, 11>
6 DMRS: <1, 3, 5, 7, 9, 11>

	DMRS pattern in  the frequency domain
	Comb 2: <0 2 4 6 8 10>
Comb 4: <0 4 8>
Comb 6: <0 6>

	PSCCH

	Payload (without CRC)
	39bits

	Channel coding
	Polar

	Antenna configuration
	1Tx - 2Rx, 1Tx - 4Rx, 2Tx - 4Rx

	Aggregation level
	2, 4, 6, 8, 16

	Time domain resource
	2 symbols

	Frequency domain resource 
	48 PRBs
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