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Introduction
In RAN plenary meeting #80, a new SID on NR sidelink was agreed [1]. Since evaluation assumptions were mostly done in an early SI [2], the current SI could directly start from solution design and evaluations. 

1: Sidelink design [RAN1, RAN2]:
· 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

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.

[bookmark: _GoBack]In this contribution, we provide our views on sidelink physical layer structures and procedure(s). This is a revision of R1-1812984.
Waveform and Numerology
In previous RAN1 meetings, the following aspects on physical channels/signals, i.e. waveform, SCS, CP length, RS, channel coding, RE mapping and rate matching, scrambling were discussed. This section provides our view correspondingly. 

Waveform 
LTE sidelink is operating on UL carrier of a FDD cell or UL subframe of a TDD cell. On reason to choose UL carrier of a FDD cell is that a regulation may forbid a UE from automatic transmission on a DL carrier. Consequently, LTE sidelink is designed based on uplink channels. The same principle can apply to NR sidelink. Since NR Uu supports both DFT-based and CP-OFDM for UL transmission, a first issue is which waveform will be used for NR sidelink. All the physical channel structures and procedures are largely impacted by the waveform. 
Per the discussion in last couple of meeting, all the companies are OK to support CP-OFDM in NR V2X. Now the question is whether we should support DFT-s-OFDM additionally. CP-OFDM provides better link performance than DFT-S-OFDM. CP-OFDM provides more flexibility for channel multiplexing, i.e. both time and frequency can be used to multiplex control, data and other channel/signals, than DFT-s-OFDM. With CP-OFDM waveform, the receiver for MIMO transmission is simpler than that with DFT-based waveform. CP-OFDM has advantages in supporting rank > 1 transmission for the advanced use case with up to 1 Gbps [3] data rate.
On the other hand, DFT-S-OFDM has lower PAPR hence is beneficial for coverage. However, it at least doubles the standardization efforts to support two waveforms. Further, it expects the coexistence between the two waveforms will become an issue that requires much standardization efforts. Implementation and testing of two waveforms could become a burden too. A UE needs to implement receiver as well as transmitter for both CP-OFDM and DFT-S-OFDM. The consequence is complex UE implementation.  From UE side, a UE may have to do blind detection on two waveforms. For example, CP-OFDM and DFT-S-OFDM may prefer different multiplexing for control channels, which causes UE’s blind detection on two kinds of control channels. So, supporting only one waveform enables to minimize the cost and the complexity of NR V2X UE.
It should be noted that the reason to support DFT-S-OFDM in Rel-15 Uu uplink is for the coverage up to several tens of kilometers. However, the target range for the use cases of NR V2X is just up to 1 km, which is much shorter than NR Uu cases. In such a case, there is less motivation to introduce DFT-S-OFDM due to coverage.
Regarding the RS overhead, DFT-S-OFDM inherently has higher RS overhead than CP-OFDM, especially in case of control channel. Not to break single carrier property, RS and data cannot be FDMed for DFT-S-OFDM, which leads to separate OFDM symbol for RS. RS might be designed to be inserted before DFT processing. However, by using this RS design, more than one UE cannot be FDMed, which is a severe restriction for gNB scheduling. 
Also, after reviewing papers in RAN1#94bis and RAN1#95, the very majority companies’ views would like to support CP-OFDM basically while the issue is whether to additionally support DFT-S-OFDM as well.

Table 1. Pros and cons of CP-OFDM and DFT-S-OFDM
	
	CP-OFDM vs DFT-S-OFDM

	1. PAPR
	CP-OFDM has higher PAPR than DFT-S-OFDM.

	2. Link performance
	CP-OFDM has better link performance than DFT-S-OFDM.

	3. Multiplexing capability
	CP-OFDM is more flexible than DFT-S-OFDM
· Between control and data
· Between PHY channels
· Between RS and control/data

	4. RS overhead
	CP-OFDM has lower RS overhead than DFT-S-OFDM.

	5. MIMO capability
	CP-OFDM is more proper for MIMO operations than DFT-S-OFDM.

	6. Receiver complexity
	Only supporting CP-OFDM makes UE implementation simpler.

	7. Scheduling flexibility
	DFT-S-OFDM is restricted to contiguous resource allocation.

	8. Standardization effort
	Supporting DFT-S-OFDM requires the following additional standardization effort.
· Consider the restriction to preserve single carrier property
· Redesign PDCCH mapping/search space/DMRS
· Redesign SS/PBCH block



Observation 1:
· Different from NR Uu operations, UE needs to implement the receivers for CP-OFDM and DFT-S-OFDM to support DFT-S-OFDM. 
· Target range of NR sidelink use cases is at most 1 km, which is much shorter than the target range of NR Uu.  

Proposal 1: NR V2X supports only CP-OFDM waveform. 


SCS and CP length 

LTE V2X uses 15kHz SCS and 1ms TTI. 4 symbols are used as DMRS for PSSCH and PSCCH transmission. Considering the large frequency error and high speed in V2X, LTE V2X considers lower coding rate for the decoding performance. Adopting a larger SCS will be helpful to reduce DMRS overhead, and to overcome frequency error. On the other hand, a larger SCS results in reduced CP length. We consider reuse of the SCS for FR1 and FR2 or a subset for the balance of different design considerations. For FR1, 30kHz or 60kHz may be more suitable SCS. For FR2, 60kHz or 120kHz could be used. 

Table 1 summarizes the CP length for various SCS. It may have negative impact if the CP is too short since NR V2X must support the manner of distributed transmission. 

Table 1: CP length for different SCS
	
	15kHz
	30kHz
	60kHz
(Data only)
	120kHz
	240kHz
(SSB only)

	Normal CP
	4.69
	2.34
	1.17
	0.59
	0.29

	Extended CP
	N.A.
	N.A.
	4.17
	N.A.
	N.A.



The choice of CP length for sidelink shall consider timing error tolerance, channel delay spread, arrival time difference from multiple transmitters etc. In sidelink autonomous transmission, even when all the transmitter follows the same synchronization reference e.g. GNSS, the received signals of multiple transmitters may be different due to the different propagation delay between multiple transmitters and the receiver. For example, for a communication range of 300m (interested distance in LTE freeway scenario), the arrival timing difference can be up to 1us. Some advanced use cases defined in SA1 demands communication range around 1000 meters, that would result in up to 3.33us signal arrival time difference. The reception timing difference would be even larger if synchronization references of different transmitter are from a gNB or a UE, since the propagation delays from synchronization reference to different transmitters are different which contributes to the difference of total propagation delay at receiver side. In worst case, the synchronization reference of different transmitters can be different gNBs or UEs. We can observe that a CP of about 3.33 us or less is not enough to accommodate the arrival time difference in NR V2X scenarios. 

Short TTI, e.g. 0.5ms TTI mapping to a slot was discussed in Rel-15 LTE V2X, but is not agreed due to the unclear performance benefit and complexity to handle coexistence of TTI with multiple lengths. A key issue identified during the study is how to handle AGC since the total receive power (desired signal + interference signal) may suddenly increase or decrease drastically at the beginning of the 2nd slot in a subframe. In general, similar issue existed in NR V2X. It is caused by different SCS and/or different slot/mini-slot based transmission. In fact, power variation in a slot of NR Uu could be larger than LTE Uu. Due to the use the different slot length in different BWP, the transmission power can change at the beginning of each short slot within a long slot. Due to the symbol/PRB level configuration of reserved resource for PDSCH mapping and forward compatibility, the transmission power may even change in symbol level. Therefore, it is worth a study if the power variation in NR V2X using different TTI lengths is tolerable. Without a careful justification, it is preferred to restrict the use of same SCS/TTI in a resource pool.  

Proposal 2:
· Study on the impact of normal CP length of SCS 60/120 KHz;
· Further study is needed on whether to allow different TTI length within a resource pool. 


Other aspects

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 support 256QAM as an UE capability or higher peak date rate. To avoid similar discussion happens in Rel-15 on modulation, it is reasonable to support 256QAM I the first release of NR V2X. 

LTE V2X uses TBCC for control and Turbo for data channel, which are the same as LTE Uu. We prefer to adopt the same principle. Since NR uses polar coding for control 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. 

Proposal 3:
· NR V2X supports 256QAM;
· NR V2X uses polar code for control channel and LDPC for data channel;
· A physical layer ID is used 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 is a multiple of 100, 20 or 16 in a SFN period. According to the 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 is not handled due to limited remaining time. 



Figure 1: Logical subframe indexing

NR V2X needs to guarantee latency requirement much tighter than LTE V2X. In an advanced use case in [3], the end-to-end latency can be as low as 3ms. The latency at radio interface is 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. 
Proposal 4: Further discussion on whether logical slot indexing or physical slot indexing is used in NR sidelink.

There was a long discussion on resource pool versus BWP in RAN1#94bis meeting. The current progress is to support resource pool while it is open whether/how to use BWP. 

Agreements:
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


Following the subframe indexing based on either physical indexing or logical indexing, resource pool could be defined. LTE V2X supports flexible configuration of time/frequency resources of resource pools. The time pattern is configured by the bitmap of length 100, 20 or 16. The frequency resource for a resource pool is configurable too. Consequently, different resource pools in a carrier can be TDM, FDM or a mix of TDM/FDM. A UE may need to detect data transmission from multiple resource pools. NR supports BWP for resource allocation, which is a means to divide resource only in frequency domain. Further, only one BWP can be activated at a given time from UE point of view. Based on above comparison, resource pool can provide a super set of controlling resource allocation than BWP. 

Assuming multiple BWPs are (pre-)configured in a carrier, a UE may have to receive the V2X transmissions in more than one or all BWPs simultaneously depending on the further design on service mapping to the multiple BWPs.  NR phase 1 only supports single activated BWP at a time. It is expect there will be much specification impacts if multiple simultaneous activated BWPs are allowed in NR V2X. If only single BWP is (pre)configured, it is most likely that the single BWP corresponds to the full bandwidth. Therefore, it is actually useless to introduce concept of BWP. 

Proposal 5: NR V2X doesn’t support the concept of BWP. 

For the design of resource pool, we prefer to allow full flexibility. Resource pool definition in LTE V2X is flexible enough and should be used as the start point for NR V2X. The time domain pattern can be controlled by a bitmap, while the frequency domain pattern can be a set of continuous PRBs. We can further study the benefit of supporting discontinuous frequency resource allocation in a resource pool. We shall support flexible numerology for different use cases. The SCS can be configured per resource pool. From the agreements made in the last meeting, a UE is not required to receive or transmit sidelink transmissions using different SCSs simultaneously in a given carrier. Configuring SCS as part of resource pool can allow the use of different SCS in a TDM manner to support that requirement. 

Proposal 6:
· NR V2X uses the resource pool configuration in LTE V2X  as the starting point;
· SCS is a parameter for resource pool configuration in NR V2X.
Physical Channel Structures
LTE V2X only supports synchronization channel and SA/data channel. However, considering the support of unicast, groupcast and broadcast, NR sidelink needs to support more types of channels. The design choice largely depends on the adopted waveform. In this session, designs of SA/data channel and other channels and RSs are discussed, and design of synchronization channel is discussed in an accompany contribution [5].
SA/Data Channel
LTE V2X adopts 4 DMRS symbols in a subframe as shown in Figure 5. Compared with Rel-8, two more DMRS symbols are added to account for larger frequency error and high mobile speed. NR supports front-loaded DMRS and additionally up to 3 DMRS symbols as well as PTRS for phase noise estimation. Therefore, it is possible to configure a proper pattern without new efforts. For example, for PUSCH type A with 3 additional DMRS, the DMRS pattern is same as Figure 2. As discussed in LTE, the first symbol can serve as AGC. The AGC symbol could carry data or a specially designed sequence. To account for the different propagation delay, the last symbol could be a GAP. If the overhead of one individual symbol for AGC and GAP is too much, an enhancement to reduce AGC/GAP overhead can be discussed. The impact of AGC on the performance is discussed in Section 4.3.



[bookmark: _Ref521408845]Figure 2: DMRS structure for SA/data channel

Observation 2:
· NR DMRS patterns support a large range of various densities.


Proposal 7:NR V2X sidelink reuses NR DMRS patterns. 


Assuming CP-OFDM is used in NR sidelink, it allows the flexibility in resource allocation. As discussed in last RAN1 meetings, in general three kinds of multiplexing of a SA and its associated can be considered. 

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: ]

Figure 3: Options for SA/data channel multiplexing

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

The above agreement applies to an SA and its associated data channel. One issue is whether an SA and its associated data channel are within a same slot or not. If they are always in the same slot, the above agreement applies as is. If an SA and its associated data channel can be in different slot, it still needs to discuss multiplexing scheme for an SA and a data channel within a slot. The above options (illustrated in Figure 7) can be reused with extension. That is, in a slot, the red block ‘C’ and blue block ‘D’ may belong to the same UE or different UEs.  

Proposal 8:
· An issue is to decide whether a SA and its associated data channel are within the same slot or not. 
· Study the 3 options from RAN1#94 for the multiplexing of a SA and a data channel within a slot, no matter the SA and data channel are for same or different UEs. 


We prefer to support Option 2. It is similar to the multiplexing in LTE V2X, with only change of CP-OFDM as waveform. It provides the largest number of OFDM symbols carrying DMRS which enables better time/frequency error and Doppler estimation/compensation, hence better link performance of PSCCH is achievable. LTE V2X can be a start point hence could significantly reduce the standardization efforts. A drawback is the granularity of control channel resource allocation is in the level of PRB. A UE has to wait until end of a slot to start decoding SA then data channel, which is not good for latency critical traffics. 

Other options could be better in delay-sensitive cases. Option 1A is pure TDM between SA and data channel. A clear drawback is the BW of control channel is dependent on the BW of data channel which could be varied by the amount of packet size. Such a scheme increase blind detection at receiver side hence is not preferred. In option 1B, the SA and associated data are TMDed and they can occupy different BW. Thus, option 1B can avoid the issue met in option 1A. Thus, option 1B is more preferred than option 1A. However, in both 1A and 1B, SA would be transmitted with small/limited number of symbols which may have negative impact on time/frequency error estimation and Doppler compensation. With CP-OFDM waveform, assuming SA is transmitted in L symbols, DMRS can be transmitted in all L symbols, e.g. the DMRS is multiplexed in each symbol in a CORESET. Evaluation is needed to check if the performance can be satisfied. 

Option 3 in general covers all multiplexing not covered by Option 1 or 2. Within the allocated time/frequency resources, data can be transmitted on all remaining REs not occupied by SA. More REs for data transmission is available with the potentially increased collision probability between SA and data channel of different UEs trying to use overlapped frequency resources. As shown in Figure 8, number of symbols for control channel could be increased without impact of resource efficiency of data channel.  Consequently, Option 3 could allow better time/frequency error and Doppler estimation than Option 1B. 



Figure 4: Example of Option 3

Proposal 9: NR V2X supports Option 2 and Option 1B.
Other Physical Channels and Reference signals
In addition to the basic channels discussed in above two sections, more channels/signals could be introduced for various new functionalities in NR sidelink. A discovery channel could be used to find other UEs nearby. It is a pre-condition to pair UEs for at least unicast transmissions. Discovery channel in LTE D2D could be used as a reference. HARQ-ACK and CSI feedback could be beneficial for at least unicast communication. A dedicated channel for HARQ-ACK and CSI feedback could be introduced. Channel multiplexing for HARQ-ACK and CSI needs discussion. HARQ-ACK is transmitted conditioned on SA/data transmission. Therefore, resource allocation/multiplexing of HARQ-ACK channels can be associated with the corresponding SA/data channel. At least for HARQ-ACK feedback, it is preferred to define a dedicated sidelink feedback channel PSFCH (physical sidelink feedback channel) and the UE can pick a PSFCH resource associated with PSCCH/PSSCH to report the HARQ feedback for the corresponding PSSCH. For the sidelink CSI reporting, we can use either a feedback channel or multiplexing in data channel. If transmitting in PSFCH, different SCFI (sidelink feedback control information) format can be defined for HARQ-ACK feedback and CSI reporting. In HARQ-ACK SCFI format, 1-bit of ACK or NACK information can be reported. In SCFI format, we can report more bits to convey the information of values of CQI and RI.  In our view, the PMI can be obtained based on channel reciprocity of sidelink and measuring some sidelink reference signals (SL-RS) but no feedback is needed. Such design  can reduce the overhead.  

For sidelink CSI reporting, it needs further discuss it is periodic or on-demand (aperiodic). If sidelink CSI measurement and reporting is supported, corresponding sidelink reference signals (SL-RS) for CSI measurement are needed. SRS is used in NR for uplink channel state measurement can be used as a starting point. For CF-OFDM, it is also possible to check if structure of CSI-RS can be reused in NR sidelink. To support sidelink position, positioning reference signals could be introduced too.  For sidelink Tx power control, the UE needs measure pathloss of sidelink. A sidelink reference signal can be used for that. One method is one UE-A sends the sidelink RS with know Tx power and the UE-B can measure the RSRP to derive the pathloss between UE-A and UE-B. Another method is UE-A sends the sidelink RS and the UE-B can measure and report the RSRP back to UE-A so that the UE-A can calculate the pathloss. The first method requires no feedback overhead and is more preferred.

As described in SID [1], frequency range 2 is part of NR V2X design. Sidelink transmission in frequency range 2 band would suffer from phase noise caused by both transmitter and receiver sides. The phase rotation caused by phase noise would limit the highest MCS sidelink transmission can support. A sidelink phase noise reference signal is needed at least for the PSSCH transmission. The design of PT-RS in NR can be a starting point and it is preferred to support a simple design. The presence/absence of sidelink phase noise can be configured per carrier or resource pool. Then the presence of phase noise for each individual PSSCH can be determined dynamically according to the transmission configuration of each single PSSCH, for example, the MCS level. 

Proposal 10:
· NR V2X supports sidelink feedback channel (PSFCH) at least for sidelink HARQ-ACK feedback and supports different SFCI formats for HARQ-ACK feedback and CSI reporting.
· NR V2X supports sidelink reference signals (SL-RS) for sidelink CSI measurement and reporting and sidelink pathloss measurement.
· NR V2X supports sidelink phase noise reference signal for PSSCH transmission in FR2.
Handling AGC Settling 
RAN1 decided to assume 15 us for AGC in FR1 and 10 us for AGC in FR2 while RAN4 is still discussing the proper AGC duration assumption [7]. During AGC settling time, received samples cannot be used for decoding the received signals. Therefore, it would have the same effect as puncturing of a part of the transmitted signal. For the purpose of AGC at the UE side, preamble can be helpful even it occupies some resources to be used for data transmission. To see the effect of the preamble for AGC, LLS is performed with the below structures.
[image: ]
Figure 5: 14-symbol PSSCH without AGC preamble and 13-symbol PSSCH with 1-symbol AGC preamble
As shown in Fig. 6, we compared the performance whether 1-symbol preamble for AGC is used or not. The performance has been evaluated with Urban NLOS CDL channel model agreed in [6], 10 MHz bandwidth, 6 GHz center frequency, velocity of 100 km/h, 2 Tx and 1 Rx antennas, CP-OFDM based PSSCH structure like PDSCH mapping type A in Rel-15 NR with two-symbol DMRS, IR HARQ, wideband precoding and MMSE receiver, where can be seen in Annex A.  For the option ‘15us w/o preamble’, it is assumed that PSSCH is mapped to the first OFDM symbol but is punctured at receiver in the simulation due to AGC settling time. 
[image: ]
Figure 6: LLS results for AGC effect for various SCSs

As it can be observed, there is severe performance degradation without AGC preamble since decoding of PSSCH would be failed when 15 us duration of the first symbol of PSSCH is used for AGC and those samples are not used for decoding. For high SNR regime, it is likely that higher MCS might be chosen and then, higher TBS would be used. In such a case, more samples of the first code block of the transport block cannot be used due to AGC settling. This results in more degradation in spectral efficiency.  

On the other hand, if there is 1-symbol preamble for the purpose of AGC, it can be seen that spectral efficiency becomes about 11/12 of the performance of PSSCH with 14-symbol because 2 symbols are used for DMRS. Nevertheless, much higher spectral efficiency can be achieved than the case without preamble. 

Throughout this evaluation, it is observed that the preamble is beneficial for NR V2X scenarios. The next step would be when/how to use the preamble and how many symbols are needed for AGC in each SCS.

Observation 3:
· The effect of performing AGC during reception of PSCCH/PSSCH is not ignorable.
· It is observed that the preamble is beneficial for NR V2X scenarios.

Proposal 11: Study when/how to use the preamble for NR V2X.
Conclusions
In this contribution, we provide our views on the physical layer structures and procedure(s) for NR sidelink. We make the following observations and proposals, 

Observation 1:
· Different from NR Uu operations, UE needs to implement the receiver for CP-OFDM and DFT-S-OFDM to support DFT-S-OFDM. 
· Target range of NR sidelink use cases are at most 1 km, which is much shorter than the target range of NR Uu. 

Observation 2:
· NR DMRS patterns support a large range of various densities.

Observation 3:
· The effect of performing AGC during reception of PSCCH/PSSCH is not ignorable.
· It is observed that the preamble is beneficial for NR V2X scenarios.

Proposal 1: NR V2X supports only CP-OFDM waveform

Proposal 2:
· Study on the impact of normal CP length of SCS 60/120 KHz;
· Further study is needed on whether to allow different TTI length within a resource pool. 

Proposal 3:
· NR V2X supports 256QAM;
· NR V2X uses polar code for control channel and LDPC for data channel;
· A physical layer ID is used for randomization of scrambling code and DMRS generation.

Proposal 4: Further discussion on whether logical slot indexing or physical slot indexing is used in NR sidelink.

Proposal 5: NR V2X doesn’t support the concept of BWP. 

Proposal 6:
· NR V2X uses the resource pool configuration in LTE V2X  as the starting point;
· SCS is a parameter for resource pool configuration in NR V2X.

Proposal 7:NR V2X sidelink reuses NR DMRS patterns. 

Proposal 8:
· An issue is to decide whether a SA and its associated data channel are within the same slot or not. 
· Study the 3 options from RAN1#94 for the multiplexing of a SA and a data channel within a slot, no matter the SA and data channel are for same or different UEs. 

Proposal 9: NR V2X supports Option 2 and Option 1B.

Proposal 10:
· NR V2X supports sidelink feedback channel (PSFCH) at least for sidelink HARQ-ACK feedback and supports different SFCI formats for HARQ-ACK feedback and CSI reporting.
· NR V2X supports sidelink reference signals (SL-RS) for sidelink CSI measurement and reporting and sidelink pathloss measurement.
· NR V2X supports sidelink phase noise reference signal for PSSCH transmission in FR2.

Proposal 11: Study when/how to use the preamble for NR V2X.
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Annex A: Evaluation assumptions
The evaluations for AGC in this contribution are performed with the following evaluation assumptions. 
	Parameter
	Assumption

	Carrier frequency
	6 GHz

	System bandwidth
	10 MHz

	Wavefore
	CP-OFDM (PSSCH)

	UE speed
	100 km/h

	Channel model
	Urban NLOS CDL [6]

	Modulation and code rate
	Link adaptation with MCS table 1 in NR

	Antenna configuration
	2 Tx, 1 Rx

	Rank adaptation
	Fixed as 1

	HARQ
	IR

	Subcarrier spacing/CP length
	15/30/60 kHz with CP length defined in Rel-15 NR

	Channel code
	LDPC defined in Rel-15 NR

	Receiver type
	MMSE-IRC

	Channel estimation
	Ideal 

	Frequency/timing error
	0 Hz/0 us

	Subband precoding 
	No (wideband precoding)

	AGC
	0 us / 15 us
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