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1	Introduction 
RAN plenary #80 approved a study item on NR V2X [1]. This study item targets, among other objectives, identifying technical solutions for an NR sidelink design to meet the requirements of advanced V2X services as identified in [2]. In RAN1 #94bis, some agreements were made related to numerologies and PHY channels and their multiplexing.
In this contribution we continue our discussion on various aspects of PHY layer structure for SL NR V2X, including the need of sidelink bandwidth part and resource pool, waveform and numerology, PHY channels multiplexing and reference signals’ design.
2 	Sidelink bandwidth part and resource pools
In RAN1 #94bis, the following agreement was made with respect to resource pools and bandwidth part.
	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


2.1	On sidelink BWP
NR  is expected to operate on wide range of frequency bands, i.e., from sub-1GHz to mmW (e.g. up to 52.6GHz in Rel. 15). Furthermore, at higher frequency bands, available bandwidths can be larger, i.e., up to 1GHz. To allow for operation of UEs on such large bandwidth, the concept of BWP was introduced in NR. BWP were mainly motivated by three reasons: (1) to allow UE power saving by confining a UE to narrow bandwidth operation, (2) to enable the operation of narrowband UE on wideband carrier, and (3) to allow multiplexing of different numerologies on a carrier. According to our view, energy consumption in NR V2X is not a critical problem. Furthermore, as will discuss in Section 4, the benefit of supporting multiple numerologies within a carrier for sidelink is not clear. Additionally, the use of BWPs relies heavily on the centralized scheduling and configuration from gNB. Consequently, proper use of BWP for sidelink may not be possible given the distributed nature of sidelink transmissions, where the UEs select resources autonomously. Also, due to broadcast nature of sidelink transmissions, a UE must be able to operate on more than one BWPs which requires high UE capability, something that is not possible in NR Rel. 15. Nevertheless, since BWP is part of the NR specification, a similar notion in SL may be useful for compatibility sakes, especially when SL and UL/DL share the same carrier. 
[bookmark: _Toc528576094][bookmark: _Toc528576348][bookmark: _Toc528581509][bookmark: _Toc528584941][bookmark: _Toc528585399][bookmark: _Toc528585437][bookmark: _Toc528585652][bookmark: _Toc528586334][bookmark: _Toc528586493][bookmark: _Toc528586589][bookmark: _Toc528586701][bookmark: _Toc528586764][bookmark: _Toc528586861][bookmark: _Toc528587721][bookmark: _Toc528587765][bookmark: _Toc528587888][bookmark: _Toc528587925][bookmark: _Toc528587962][bookmark: _Toc528587999][bookmark: _Toc528588063][bookmark: _Toc528761595][bookmark: _Toc527985888][bookmark: _Toc528951876]Introducing the notion of SL BWP is beneficial only from the specification perspective. 
Moreover, introducing BWP switching for sidelink comes with technical issues as well. For example, the interruption time of BWP switching, including RF retuning switching time, will affect data reception and/or the sensing process of sidelink resource allocation. Second, if multiple BWPs are configured within a carrier to support different numerologies, it may happen that two sidelink transmissions, belonging to different BWPs and using different numerologies, are adjacent in frequency. In this case, inter-numerology interference can be problematic.
[bookmark: _Toc525651903][bookmark: _Toc525923741][bookmark: _Toc527985889][bookmark: _Toc528951877]Configuring multiple BWPs within a carrier and allowing BWP switching likely complicates NR SL resource allocation procedures. 
Given the above analysis, we believe that if BWPs are introduced for SL, they are not supposed to perform the full functionalities as of UL/DL BWPs. Instead, only the concept of ‘light’ SL BWP is to be supported. Hence, in our view, there cannot be simultaneously active SL BWPs with different numerologies.  
[bookmark: _Toc525923752][bookmark: _Toc527985891][bookmark: _Toc528951886][bookmark: _Toc525651914]If SL BWP is introduced, it should be a light version of the UL/DL BWP concept. Specifically, from a UE perspective in a given carrier:
· [bookmark: _Toc525923754][bookmark: _Toc527985892][bookmark: _Toc528951887]Multiple SL BWPs are not active simultaneously.
· [bookmark: _Toc525651917][bookmark: _Toc525923755][bookmark: _Toc527985893][bookmark: _Toc528951888]Dynamic SL BWP switching is not allowed.
Furthermore, since many safety critical applications require broadcast transmissions, it is necessary that all the UEs in the neighbourhood receive the transmitted data. In line of the above-mentioned restrictions in Proposal 1, only one SL BWP should be (pre-)configured in a carrier from system perspective. Therefore, SL BWP configuration is provided as cell/carrier specific information and at most one SL BWP can be configured per carrier. 
[bookmark: _Toc527985894][bookmark: _Toc528951889]RAN1 assume that at most one SL BWP is configured in a carrier from the system perspective.
[bookmark: _Toc527985895][bookmark: _Toc528951890]RAN1 assumes that the SL BWP configuration is provided to UEs in a cell/carrier-specific manner. 
In RAN1 #94bis, it was also discussed whether SL BWP is same or different from TX and RX perspective. Given that a UE is not able to operate simultaneously on multiple BWPs, we believe that SL BWP should be common from both TX and RX. 
[bookmark: _Toc527985896][bookmark: _Toc528951891]SL BWP is the same for TX and RX of a UE. 
Another aspect of SL BWP is its relationship with SL synchronization signal. In our view, for NR SLSS, it is preferred to have a limited set of possible locations for SLSS in frequency domain. In NR Rel-15, there is no direct mapping between SS/PBCH block (SSB) and BWP, i.e., a BWP (and also a carrier) can contain zero or more SSBs. Thus, if a UE needs to do synchronization through SSB, it may need to retune RF bandwidth to search for SSBs in the specified synchronization rasters. For NR SL design, to avoid the drawbacks resulting from RF retuning and/or BWP switching, we propose the following.
[bookmark: _Toc528951892] A UE is not required to search for SSB outside the currently active/configured SL BWP. 
2.2	On sidelink resource pool(s)
In RAN1#94bis, it was agreed that NR SL supports resource pool since the pools can be defined in time and frequency domain whereas BWP only refers to the frequency domain. However, the definition of resource pool is not clear. In our view, resource pool(s) can be defined in a UE-specific manner, taking into account UE RF bandwidth and power consumption requirements.  For instance, low capability UE can be configured with TX/RX pool with smaller bandwidth. Also, as described in [3], it may happen that dedicated resource pools are configured by gNB to certain UE(s).
[bookmark: _Toc527985897][bookmark: _Toc528951893]Resource pool(s) can be configured in a UE-specific manner. 
Moreover, since a UE needs to monitor the configured resource pools to decode SCI, it is natural that resource pool is ‘narrower’ in frequency compared to BWP. Note that in NR Rel-15, a UE is not expected to receive PDSCH, PDCCH, CSI-RS or TRS outside an active DL BWP, and to transmit PUSCH or PUCCH outside an active UL BWP.
[bookmark: _Toc525923757][bookmark: _Toc527985898][bookmark: _Toc528951894]Resource pools shall be configured within the SL BWP (if SL BWP is defined).
In our view, resource pools are not necessarily contiguous in time. This allows for alternating pools in the time domain (e.g., pool A consists of even-numbered slots whereas pool-B consists of odd-numbered slots), which is instrumental in achieving low latencies. Moreover, the presence of resources for special purposes (e.g., SLSS) or Uu transmissions may require that the pool be not contiguous in time. On the other hand, since resource pools should be confined within SL BWP and to avoid complicated signalling procedures, the benefits of non-contiguous frequency allocation of resource pools are not clear. Therefore, we propose to study contiguous frequency allocations for resource pools.   
[bookmark: _Toc528951895]A resource pool is not necessarily contiguous in time but always contiguous in frequency. 
It was also agreed that multiple resource pools can be configured to a single UE. This is similar to LTE TX resource pools configuration. However, a UE should select one TX pools out of the configured resource pools based on certain criteria. For example, geographical location and/or its RF bandwidth. Also, note that resource pools can be different from TX and RX perspective. 
Furthermore, a few companies argued to associate the resource pool with the numerology. However, we do not see the need of it given that BWP definition already include the numerology and resource pools are confined within the BWP. Moreover, as agreed in RAN1 #94bis, NR sidelink supports the SCSs supported by Uu in a given frequency range, where the baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier. Therefore, given the broadcast nature of many V2X services, resource pools with different numerologies will become problematic from a receiver’s perspective.
[bookmark: _Toc527985890][bookmark: _Toc528951896]Numerology is not associated as a part of resource pool (pre-)configuration. 
[bookmark: _Ref178064866]3 	Waveform 
In RAN1#94, the following agreement was made with respect to SL waveforms:
	Agreements:
· Waveform
· Candidates: CP-OFDM, DFT-s-OFDM
· Proposals from companies:
· CP-OFDM only
· Support both
· Consideration points:
· Different channel can have different waveform?
· Benefit and impact of supporting only one waveform and supporting both waveform


and in RAN1#94-bis the following agreement was made:
	Agreements:
Continue discussion on the wavefom till next meeting – companies are encouraged to perform more analysis/evaluations.


In NR cellular, OFDM is used for both downlink and uplink (at least up to 52.6GHz). Table 1 shows the OFDM assessment for different performance indicators and the corresponding requirements for V2X communications. 
[bookmark: _Ref528576319]Table 1: Performance indicators and V2X requirements [4].
	Performance indicators
	eV2X Requirements
	OFDM assessment

	Spectral efficiency
	Very high
	High

	MIMO compatibility
	High
	High

	Time localization
	Very high
	High

	Transceiver baseband complexity
	Low
	Low

	Flexibility/Scalability
	High
	High

	Robustness to frequency selective channel
	High
	High

	Robustness to time selective channel
	Very high
	Medium

	Robustness to phase noise
	High
	Medium

	Robustness to synchronization errors
	High
	High

	PAPR/CM
	Low
	High (can be reduced)

	Frequency localization
	Medium
	Low (can be improved)



[bookmark: _Toc525923738][bookmark: _Toc528951878]OFDM waveform fulfils all the advanced V2X requirements. 
A few companies proposed the option of configurable sidelink waveform as adopted for NR uplink. The main advantage of supporting DFT-s-OFDM over CP-OFDM is better coverage due to lower PAPR/CM and hence, the power back-off. However, our view is that the CP-OFDM with suitable RX transparent PAPR/CM reduction schemes can still provide acceptable performance [5] [6] and there is no motivation to support DFT-s-OFDM for NR SL. Furthermore, we compare the achievable user throughput as a function of SNR for DFTS-OFDM and OFDM with peak cancellation as PAPR/CM reduction scheme. The evaluations take into account the EVM from non-linear power amplifier and peak cancellation by adding corresponding AWGN at the transmitter side. A receiver-side linear equalizer is used to counter the DFTS-OFDM ISI introduced by the frequency selective channel. As can be seen in Figure 1, OFDM provides a throughput on par with, and in many cases better than DFTS-OFDM. 
[image: ] [image: ]
[bookmark: _Ref528575716]Figure 1. Resource allocation: 5 RB (left) and 40RB (right), channel TDL-A with 1 s delay spread
Furthermore, due to the broadcast nature of V2X applications, it is desirable to have a unique waveform (i.e. CP-OFDM) for sidelink to avoid additional signalling overhead and configuration complexity. Additionally, the use of CP-OFDM allows for more flexible design of reference signals and transmission schemes, for example multiplexing of data and RS resource elements in the same symbol or transmission in non-contiguous resource blocks in frequency domain, which are restricted in DFT-s-OFDM. Another important aspect of supporting only CP-OFDM is that it does not require the implementation of DFT-s-OFDM receiver in the UE. Note that in NR cellular, the DFT-s-OFDM is supported only in the uplink, hence there is no DFT-s-OFDM receiver in the NR UE.
[bookmark: _Toc525923739][bookmark: _Toc528951879]Advantages of supporting DFT-s-OFDM for NR SL are either unclear or do not outweigh the disadvantages.
The usage of different waveforms for different PHY channels was also discussed in RAN1. In our view, such design will limit the multiplexing options of PHY channels without providing any advantage over a unified waveform design.
Based on the above analysis, we propose the following: 
[bookmark: _Toc525923751][bookmark: _Toc528951897]CP-OFDM is the unique waveform for NR SL.
[bookmark: _Ref528138939]4 	Numerology 
In RAN1 #94bis, the following agreement was made with respect to numerology for NR SL:
	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.


Note that in NR Uu, normal CP (NCP) is common for all subcarrier spacings, whereas extended CP (ECP) is only supported for 60 kHz SCS as an optional capability. We summarize the CP overhead and the maximum (ideal) communication range for different SCS and CP configurations in Table 2 below. 

[bookmark: _Ref528576269]Table 2. CP overhead and maximum (ideal) range for different SCS and CP configurations.
	Configuration
	CP length
	CP overhead
	Maximum range (ideal)

	15 kHz + NCP
	4.7 µs
	7%
	1170 m

	30 kHz + NCP
	2.3 µs
	7%
	450 m

	60 kHz + NCP
	1.2 µs
	7%
	120 m

	60 kHz + ECP
	4.2 µs
	25%
	1020 m

	120 kHz + NCP
	0.6 µs
	7%
	0 m (CP too short for assumed sync errors).


It can be observed from Table 2 that:
· Normal CP has a reasonable amount of overhead and provides sufficient coverage for typical SL V2X services. 
· ECP has very high overhead for the 60kHz SCS while the additional coverage can hardly be used given the limitations on TX power. Note that in the SL, the overhead due to reference signals, AGC settling symbol, and guard period is already high. Therefore, an additional overhead of 25% due to CP is highly undesirable. As we show in [7], overhead is a serious concern from a system-level point of view.
Hence, we believe that ECP is not a good choice for SL V2X.
[bookmark: _Toc525677040][bookmark: _Toc525716104][bookmark: _Toc525729833][bookmark: _Toc525923760][bookmark: _Toc528951898]Only normal CP is supported for SL V2X.
Given the agreement that multiple SCSs are supported in a frequency range, the next question is whether multiple numerologies can coexist in the same SL carrier. In NR Rel. 15, multiplexing of numerologies is supported from system perspective. This is enabled by introducing the concept of BWP. Meaning that, BWP is configured with a specific numerology and a UE can be configured with multiple BWPs. However, in Rel. 15 UE operation is limited to only one active BWP, i.e., a UE can operate with a single numerology at a given time. Given the broadcast nature of V2X applications, it is not recommended to allow multiplexing of numerologies at least within a carrier. Therefore, in our view, although RAN1 has agreed to support scalable numerology (i.e., multiple SCSs) for each frequency range in the SL, different numerologies should only be supported in different SL carriers. 
[bookmark: _Toc528761707][bookmark: _Toc525923761][bookmark: _Ref528136235][bookmark: _Toc528951899][bookmark: _Toc525923762] One SL carrier is (pre-)configured with a single numerology (and BWP). 
Given our proposed principle of single numerology per carrier, the RAN1 agreement that each UE is neither required to transmit nor to receive sidelink transmissions using different SCSs simultaneously in a given carrier will automatically apply to the to sidelink synchronization signals/channels in that carrier.
[bookmark: _Toc528951880]By means of Proposal 12, the RAN1 agreement on a single operating SCS at a time in a carrier for each UE also applies to SL synchronization signals/channels in that carrier. 
5 	Physical control channels 
In RAN1 #94bis, the following agreement with respect to control information was made. 
	Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH. 
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink


5.1	On SCI
According to the above agreement, SCI format which includes the information necessary to decode the corresponding PSSCH is carried by PSCCH. Furthermore, it was discussed to define a new SCI to assist resource allocation procedures. In our view, such control information is beneficial especially considering the co-existence of unicast, multi-cast and broadcast traffic. Furthermore, control information such as pre-emption indication and resource unbooking allow achieving the required QoS for advanced V2X applications. 
[bookmark: _Toc525923745][bookmark: _Toc528951881]SCI-assisted resource allocation procedures allow for the coexistence of mixed traffic types and fulfils the QoS requirements for advanced V2X services. 
[bookmark: _Toc525039722][bookmark: _Toc525923768]However, since such control information is very similar to the SA required to decode the associated channel, we believe that it can be carried over PSCCH. Details of SCI formats are discussed in [9].
[bookmark: _Toc528951900]Different SCI formats are carried by PSCCH. Details of the SCI formats are FFS.  
Also, to support different V2X use cases, different transmission schemes (e.g., different multi-antenna schemes such as diversity and special multiplexing etc.) and/or different transmission modes (e.g., unicast, multicast and broadcast), different SCI formats may be needed. Furthermore, for unicast communication, different aggregation levels might be needed for a given SCI format to adapt to different channel conditions. Also, different use cases with different coverage and reliability requirements may also require the use of different aggregation levels even in broadcast scenarios. In a distributed system, to be able to decode the SL data, a UE needs to monitor the search space and blindly decode (that is without having a-priori information on the used coding or aggregation level) all possible SCI formats with all possible aggregation levels in the sidelink control resources. However, this will lead to a high complexity at the UE. Therefore, it is very important that the PSCCH should be designed to provide the required flexibility for advanced V2X use cases and yet keeping the UE decoding complexity to a reasonable level. In this regard, we believe that 2-stage design of PSCCH can be beneficial and should be studied. 
[bookmark: _Toc525923746][bookmark: _Toc528951882]2-stage PSCCH can provide the required flexibility in the design with the reasonable blind decoding complexity of the UE. 
[bookmark: _Toc525923771][bookmark: _Toc528951901]RAN1 studies solutions to achieve flexible and forward compatible sidelink design such as 2-stage design for PSCCH. 
2-stage PSCCH design follows the principle of keeping the 1st stage SCI as small as possible with fixed pre-defined search space. This enables the desired flexibility of NR V2X when different use cases and scenarios need to be considered in a distributed manner. The main purpose of the 1st stage SCI is to point to the exact time and frequency resources and format of the 2nd stage SCI. In contrast, the 2nd stage SCI can be flexible in terms of time and frequency locations as well as SCI formats and/or aggregation levels. Despite the flexible allocation for the 2nd stage SCI, we still envision it to be within the allocated resources for transmission. Details are discussed in [10].
5.2	On SFCI
In RAN1#94bis, it was agreed to support SFCI containing at least HARQ feedback (ACK or NACK) corresponding to data transmission on PSSCH. However, consensus was not reached on the physical channel carrying such HARQ feedback. A few companies proposed using either PSCCH or PSSCH for HARQ feedback transmissions. However, in our view, such design will lead to increased resource wastage and complicated L1 procedures. Therefore, we propose to introduce a new physical channel to carry HARQ feedback. 
[bookmark: _Toc528951883]Carrying HARQ feedback on either PSCCH and PSSCH leads to inefficient use of resources.
[bookmark: _Toc528951902]      A new PHY channel, PSFCH, is introduced in NR SL to carry HARQ feedback. 
Furthermore, we believe that PSFCH should be carried at the end of the slot and its presence should be signalled using SCI in PSCCH as described in our companion contribution [8]. In the absence of HARQ feedback in the slot, the whole slot is used for data transmission, which leads to increased resource utilization. 
When it comes to the format used for PSFCH we propose that RAN1 study sequence-based HARQ feedback since it can provide the required signalling without additional overhead for CRC, etc. 
[bookmark: _Toc528951903]      NR SL supports sequence-based HARQ feedback. 
[bookmark: _Toc525039703]For NR sidelink unicast, the availability of channel state information (CSI) at the transmitter can be helpful in terms of link adaptation and directional transmissions. CSIT acquisition requires transmission of CSI reports from the receiver UE. As described in [8], in order to have a simplified design and reduced blind decoding complexity, CSI reports are carried over PSSCH along with its associated SA. 
[bookmark: _Toc525923769][bookmark: _Toc528951904]CSI reports are transmitted using PSSCH along with its associated PSCCH. 
6 	PSSCH/PSCCH multiplexing 
In RAN1#94bis, the following agreement was made with respect to multiplexing of PSCCH and PSSCH:
	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.


Among the four options for multiplexing PSCCH and its associated PSSCH identified by RAN1 #94 (i.e., Option 1A, 1B, 2, 3), Option 2 is most similar to LTE V2X. Under Option 2, the transmissions of PSCCH and its associated PSSCH will use the same amount of time resources. As a result, the decoder UE has to wait until the end of both transmissions to be able to start the decoding process. This is not desirable, since it prevents the decoder UE from starting to decode an initial part of the PSSCH as soon as the reception of that part is completed. We consider this a big disadvantage of Option 2, which does not exist in the other options. We therefore believe that Option 2 should not be supported for NR V2X. 
[bookmark: _Toc528951905]Option 2 for multiplexing PSCCH and its associated PSSCH is not supported for SL V2X. 
In contrast to Option 2, the other options (1A, 1B, 3) have PSCCH and its associated PSSCH multiplexed in the time domain and the PSCCH maps to the first few symbols of the slot. This not only allows early decoding of the data but also enables higher flexibility which is one of the fundamental features of NR system. As shown in Figure 2, the control information carried by PSCCH can be transmitted at the beginning of the slot, occupying an integer number of OFDM symbols. By doing so, the intended receiving UE can start processing the data before the end of the slot, thereby reducing the latency for V2X communications. Moreover, early decoding of the control information allows for the UEs that are not scheduled in the slot to power down for the rest of the slot, resulting in reduced energy consumption at the UEs. 
[image: ]
[bookmark: _Ref528141719]Figure 2: PSCCH and PSSCH multiplexing
To simplify the design and reduce signalling overhead, PSCCH should be confined to the allocated frequency resources to its associated PSSCH. Note, however, that the bandwidth requirements of PSCCH and PSSCH are in general different. The former must follow a predefined allocation that is part of a search space, whereas the latter varies depending on the payload. For this reason, we believe that sharing the OFDM symbol between PSCCH and PSCCH (i.e., Option 3) is much more efficient in terms of resource utilization than the alternative (i.e., Option 1A or 1B). Another advantage of Option 3 compared to Option 1B is that Option 1B will likely require some transition time at the boundary of the PSCCH and the PSSCH in order for the RF chain at the transmitter to switch from a narrower part of bandwidth to a wider one. Based on the above analysis, we propose the following:
[bookmark: _Toc525923770][bookmark: _Toc528951906]RAN1 prioritizes Option 3 for time/frequency multiplexing of PSCCH and its associated PSSCH.
Although the PSCCH should be mapped to the early OFDM symbols in a slot, we believe that it should not be mapped to the first symbol, which may be lost due to the AGC training phase. Instead, PSSCH symbols may be mapped there. The results in [7] also suggest that mapping PSSCH symbols in the first symbol in an IFDM manner is beneficial.
[bookmark: _Toc528951907]PSCCH symbols are not mapped to the first OFDM symbol of a slot. 
[bookmark: _Toc528951908]PSSCH symbols are mapped to the first OFDM symbol in a slot, in a comb-like manner over the subcarriers.   
· [bookmark: _Toc528951909]FFS: Comb size
· [bookmark: _Toc528951910]FFS: mapping in slots other than the first one in a slot bundle.
7	Reference signals design	
In RAN1#94, following agreements were made on the reference signals to be considered for NR V2X:
	Agreements:
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal


In NR Rel.15 for eMBB, phase tracking RS (PT-RS) are introduced for phase noise compensation. However, we believe that if DM-RS density is defined/configured properly, both Doppler effect and phase errors can be compensated efficiently for the SL V2X. Furthermore, the high required density of DM-RS and the presence of AGC and guard period in the SL frame structure imply that the introduction of any new RS should be carefully studied. For the same reason, we do not see the need of defining AGC training signals. Instead, we believe that AGC can be trained using the first symbol of the slot in the same way as in LTE SL. 
[bookmark: _Toc525923747][bookmark: _Toc528951884]High control overhead in the SL imposes restrictions on introducing new reference signals. 
[bookmark: _Toc525923773][bookmark: _Toc528951911]PT-RS and AGC training signals are not defined for NR SL V2X. 
At PHY level, NR sidelink should support unicast and multicast in addition to broadcast. The support of unicast communication is motivated by some of the V2X use cases targeting communication between UE pairs. Unlike broadcast transmissions, one benefit of unicast communication is that the channel between the paired UEs can be estimated enabling spectrally efficient transmissions.  Therefore, in our view, in addition to DM-RS, NR sidelink must include reference signals for channel state information and interference measurements. We refer to these RS as SCSI-RS. The use of SCSI-RS and the corresponding CSI reports can enable the acquisition of CSI at the transmitter (CSIT), which can be exploited to further improve the transmission efficiency. Such information will also be particularly beneficial in case of multiple antenna transmissions to select an appropriate precoder and in case of link adaptation to select a proper MCS. However, it is to be noted that to minimize the overhead, CSI-RS transmissions may or may not be present in the slot and its presence is indicated using PSCCH as described in [8]. 
[bookmark: _Toc525923748][bookmark: _Toc528951885]The use of SCSI-RS is justified for the case of unicast transmissions. 
[bookmark: _Toc525923774][bookmark: _Toc528951912]Sidelink CSI-RS (SCSI-RS) is supported.
In general, the RS design for NR V2X needs to fulfil at least the following requirements:
1. Efficiently mitigating adverse propagation conditions, namely the severe Doppler and delay spreads as well as frequency and phase error, especially at high vehicle speeds and high carrier frequencies.
2. Minimizing the overhead of reference signals. As discussed above, this is because the PHY format for sidelink V2X needs resources to account for the automatic control gain (AGC) settling and the guard period (GP). 
In the next subsections we will briefly discuss the two types of sidelink RS (DMRS and SCSI-RS) and the basic principles to be followed for their design. 
7.1	DMRS design for NR V2X
We note that the DMRS design might be different for control channel and data channel, due to different characteristics of these channels. Also, the DMRS design for sidelink NR V2X should consider lessons learned from DMRS design for sidelink LTE V2X and DMRS design for NR eMBB. Recall that in sidelink LTE V2V each subframe has 4 symbols for DMRS (Figure 3). Similarly, NR eMBB allows for up to 4 DMRS symbols for the data channel, as illustrated in Figure 4. 
 [image: ]            
[bookmark: _Ref528584750]Figure 3: Location of DMRS symbols for PSCCH and PSSCH of LTE V2X
[image: ]
[bookmark: _Ref528584809]Figure 4: Location of DMRS symbols for PDSCH and PUSCH of NR eMBB
Based on this, we propose to consider 4 symbols configuration for NR V2X. In [7], we provide the simulation results with comb-like mapping of DMRS on every other subcarrier and frequency multiplexed with data on the other subcarrier. It is shown that this configuration of DMRS provides reasonable channel estimation performance with 30kHz numerology. 
[bookmark: _Ref518045217][bookmark: _Toc518050243][bookmark: _Toc521684854][bookmark: _Toc525923775][bookmark: _Toc528951913][bookmark: _Toc518050244][bookmark: _Toc521684855]RAN1 studies DM-RS configurations for SL V2X with up to 4 DM-RS symbols. Baseline of frequency mapping is comb-like multiplexing of DMRS and data subcarriers, with DM-RS on every second subcarrier.
7.2	SCSI-RS design for V2X
[bookmark: _Toc521594479][bookmark: _Toc521594531][bookmark: _Toc521594586][bookmark: _Toc521601382][bookmark: _Toc521661662][bookmark: _Toc521661441][bookmark: _Toc521594480][bookmark: _Toc521594532][bookmark: _Toc521594587][bookmark: _Toc521601383][bookmark: _Toc521661663][bookmark: _Toc521661442][bookmark: _Toc521684857][bookmark: _Toc525923776]We note that the SCSI-RS transmission happens only after establishing a unicast session between the UE pairs and is not always present in a slot. Sidelink CSI report corresponding to SCSI-RS is used for channel state acquisition at the transmitter side and assists link adaptation and precoder determination. Additionally, when channel reciprocity exists, CSIT can be obtained by the transmission of SCSI-RS in the reversed link. As in NR Uu, we support both periodic and aperiodic SCSI-RS transmissions. However, unlike in NR Uu, transmission of SCSI-RS is always confined within the allocated bandwidth for sidelink transmission. This allows efficient coexistence of different types of communication, i.e., unicast, multicast and broadcast. As proposed in [8], we do not see the need of defining different RS for sidelink CSIT acquisition in the sidelink. More specifically, in Uu both CSI-RS and SRS are used for measuring channel and/or interference. Although CSI-RS and SRS have very different characteristics including frequency density, time location, sequence design, multiplexing with data, etc., their purposes are basically the same. The differences of CSI-RS and SRS are due to the different capabilities of gNB and UE, potentially different waveforms of UL and DL, and some historical reasons. Hence, we believe that for SL only one type of reference signal is needed for CSIT acquisition, i.e., SCSI-RS. Furthermore, in our view, the design of SCSI-RS should be aligned with SL DMRS in terms of resource mapping, sequence design, etc. Moreover, considering the high overhead in the SL PHY frame structure due to AGC settling, guard period, and the RS, we believe that RAN1 design should strive to minimize the total number of resources occupied by DMRS and SCSI-RS.
[bookmark: _Toc528951914]SCSI-RS design should be aligned with SL DM-RS design.
· [bookmark: _Toc528951915]Strive for minimizing the total number of resources used for DM-RS and SCSI-RS in a slot.
[bookmark: _Toc528761632][bookmark: _Toc528761721][bookmark: _Toc528761633][bookmark: _Toc528761722][bookmark: _Toc528761634][bookmark: _Toc528761723][bookmark: _Toc528761635][bookmark: _Toc528761724][bookmark: _Toc528761636][bookmark: _Toc528761725][bookmark: _Toc528761637][bookmark: _Toc528761726]8	Conclusion
In the previous sections we made the following observations: 
Observation 1	Introducing the notion of SL BWP is beneficial only from the specification perspective.
Observation 2	Configuring multiple BWPs within a carrier and allowing BWP switching likely complicates NR SL resource allocation procedures.
Observation 3	OFDM waveform fulfils all the advanced V2X requirements.
Observation 4	Advantages of supporting DFT-s-OFDM for NR SL are either unclear or do not outweigh the disadvantages.
Observation 5	By means of Proposal 12, the RAN1 agreement on a single operating SCS at a time in a carrier for each UE also applies to SL synchronization signals/channels in that carrier.
Observation 6	SCI-assisted resource allocation procedures allow for the coexistence of mixed traffic types and fulfils the QoS requirements for advanced V2X services.
Observation 7	2-stage PSCCH can provide the required flexibility in the design with the reasonable blind decoding complexity of the UE.
Observation 8	Carrying HARQ feedback on either PSCCH and PSSCH leads to inefficient use of resources.
Observation 9	High control overhead in the SL imposes restrictions on introducing new reference signals.
Observation 10	The use of SCSI-RS is justified for the case of unicast transmissions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	If SL BWP is introduced, it should be a light version of the UL/DL BWP concept. Specifically, from a UE perspective in a given carrier:
	Multiple SL BWPs are not active simultaneously.
	Dynamic SL BWP switching is not allowed.
Proposal 2	RAN1 assume that at most one SL BWP is configured in a carrier from the system perspective.
Proposal 3	RAN1 assumes that the SL BWP configuration is provided to UEs in a cell/carrier-specific manner.
Proposal 4	SL BWP is the same for TX and RX of a UE.
Proposal 5	A UE is not required to search for SSB outside the currently active/configured SL BWP.
Proposal 6	Resource pool(s) can be configured in a UE-specific manner.
Proposal 7	Resource pools shall be configured within the SL BWP (if SL BWP is defined).
Proposal 8	A resource pool is not necessarily contiguous in time but always contiguous in frequency.
Proposal 9	Numerology is not associated as a part of resource pool (pre-)configuration.
Proposal 10	CP-OFDM is the unique waveform for NR SL.
Proposal 11	Only normal CP is supported for SL V2X.
Proposal 12	One SL carrier is (pre-)configured with a single numerology (and BWP).
Proposal 13	Different SCI formats are carried by PSCCH. Details of the SCI formats are FFS.
Proposal 14	RAN1 studies solutions to achieve flexible and forward compatible sidelink design such as 2-stage design for PSCCH.
Proposal 15	A new PHY channel, PSFCH, is introduced in NR SL to carry HARQ feedback.
Proposal 16	NR SL supports sequence-based HARQ feedback.
Proposal 17	CSI reports are transmitted using PSSCH along with its associated PSCCH.
Proposal 18	Option 2 for multiplexing PSCCH and its associated PSSCH is not supported for SL V2X.
Proposal 19	RAN1 prioritizes Option 3 for time/frequency multiplexing of PSCCH and its associated PSSCH.
Proposal 20	PSCCH symbols are not mapped to the first OFDM symbol of a slot.
Proposal 21	PSSCH symbols are mapped to the first OFDM symbol in a slot, in a comb-like manner over the subcarriers.
	FFS: Comb size
	FFS: mapping in slots other than the first one in a slot bundle.
Proposal 22	PT-RS and AGC training signals are not defined for NR SL V2X.
Proposal 23	Sidelink CSI-RS (SCSI-RS) is supported.
Proposal 24	RAN1 studies DM-RS configurations for SL V2X with up to 4 DM-RS symbols. Baseline of frequency mapping is comb-like multiplexing of DMRS and data subcarriers, with DM-RS on every second subcarrier.
Proposal 25	SCSI-RS design should be aligned with SL DM-RS design.
	Strive for minimizing the total number of resources used for DM-RS and SCSI-RS in a slot.
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