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1	Introduction
In this contribution we discuss the remaining details on sidelink physical layer structure to be concluded in the Rel. 16 V2X SI, including waveform and numerology, SL bandwidth part, physical control channels (PSCCH, PSFCH) design, error correction codes and reference signals design.
[bookmark: _Ref178064866]2	Waveform
In RAN1#95, the following agreement was made but no consensus could be reached on the topic in RAN1#ah-1901.  
	[bookmark: _Hlk531610173]Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.


[bookmark: _Ref189046994]The main advantage of supporting DFTS-OFDM over CP-OFDM is better coverage due to lower PAPR/CM and hence, the power back-off. A few companies proposed the option of configurable sidelink waveform as adopted for NR uplink. The argument was in terms of increased coverage for synchronization and control channels. However, in our view, there is no need for better coverage for control signalling/channels as compared to the data channel. Furthermore, it has been agreed that single waveform will be used for all the sidelink channels in a carrier. Hence, supporting DFTS-OFDM just for the coverage enhancements of synchronization and/or control signalling is not justified given the limitations that DFTS-OFDM places on the design of PHY. For instance, frequency multiplexing of control channels and/or reference signals with data channel will result in losing the PAPR advantage of DFTS-OFDM. Furthermore, it will imply a large specification effort. 
[bookmark: _Toc525923739][bookmark: _Toc528951879][bookmark: _Toc534811015][bookmark: _Toc1119095]Advantages of supporting DFTS-OFDM for NR SL are unclear and do not outweigh the disadvantages.
[bookmark: _Toc525923751][bookmark: _Toc528951897][bookmark: _Toc534811027][bookmark: _Toc1119105]CP-OFDM is the unique waveform for NR SL, both in FR1 and FR2.
3	Numerology
In RAN1#95, the following agreement was made with respect to numerology for NR SL:
	Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL



In RAN1#ah-1901, the following conclusion was made with respect to the extended CP for 30kHz and 120kHz. 
	Conclusion: 
· No extended CP is supported for 30 kHz in FR1 in Rel-16
· No extended CP is supported for 120 kHz in FR2 in Rel-16


Based on the above agreements and conclusion, it is natural to also support ECP for 60kHz in FR2. 
[bookmark: _Toc1119106]For PSCCH/PSSCH in FR2, NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz. 
4	Sidelink bandwidth part (SL-BWP) and resource pool
In RAN1#ah-1901, the following agreement was made with respect to the relation of SL BWP with Uu BWP.
	Agreements:
· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth



It has been agreed that SL BWP configuration is separated from the configuration of Uu BWP. In our view, this implies that the configuration of SL-BWP is up to gNB implementation. More specifically, in shared carrier, 
· SL and DL/UL BWPs can be overlapping or non-overlapping;
· SL and DL/UL BWPs can have the same or different numerologies.

Furthermore, it is agreed that the UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at the same time. In our view, restrictions on the configuration are not necessary; instead the gNB should provide an appropriate configuration or use a scheduling strategy so that SL and DL/UL transmissions can coexist in a shared carrier. Furthermore, when it comes to the relation of SL BWP configuration with Uu BWP in terms of frequency location and bandwidth, we believe that it can also be up to gNB configuration and it is not possible to restrict it only within the active Uu BWP. This is mainly because Uu supports dynamic switching among Uu BWPs. Therefore, we believe that SL BWP can be either overlapping or non-overlapping with Uu BWP. 
[bookmark: _Toc1119096]gNB is responsible for providing a configuration and/or a scheduling strategy so that SL and DL/UL transmissions can coexist in a shared carrier.
[bookmark: _Toc534811030][bookmark: _Toc1119107]In a licensed carrier, SL BWP is configured by gNB and may or may nor overlap with Uu BWP.
In RAN1#ah-1901, following agreements were made on the structure of sidelink resource pools. 
	Agreements:
· For time domain resources of a resource pool for PSSCH, 
· Support the case where the resource pool consists of non-contiguous time resources
· FFS details including granularity
· For frequency domain resources of a resource pool for PSSCH, 
· Down select following options:
· Option 1: The resource pool always consists of contiguous PRBs
· Option 2: The resource pool can consist of non-contiguous PRBs



We believe that the granularity of time resource non-contiguity is a matter of (pre-)configuration. For instance, it may be possible to have 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. 
[bookmark: _Toc1119108]Time resource granularity of resource pool is up to (pre-)configuration with minimum scale of slot-level.  
On the other hand, resource pools should be confined within SL BWP. Moreover, the use of pools that are non-contiguous in frequency, will require additional signalling. Given that the benefits of non-contiguous frequency allocation of resource pools are not clear, we propose to restrict pool definitions to be contiguous in frequency.   
[bookmark: _Toc1119097]Pools that are not contiguous require more complex (pre-)configuration without clear advantages.
[bookmark: _Toc1117441][bookmark: _Toc528942012][bookmark: _Toc534811031][bookmark: _Toc1119109]A resource pool is always contiguous in frequency. 
5	PSCCH design
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.
· 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


In RAN1#95, a dedicated PHY channel for feedback transmission was agreed to be supported:
	Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.


The above agreements defined an SCI format that includes the information necessary to decode the corresponding PSSCH is carried by PSCCH. Furthermore, the need of a second SCI format was discussed. As expressed in our companion contribution [1], a new SCI format is necessary to carry control messages with smaller payload. Such control messages may include short-reservation message as defined in [2], pre-emption messages [3] and/or CSI-RS/report triggering as described in [4]. We believe that the new SCI format with the smaller payload size in addition to the traditional SCI format with large payload size will provide the desired flexibility in SL design to cater V2X applications with different QoS requirements and efficiently allows coexistence of such applications in the same resource pool or carrier. 
[bookmark: _Toc1119110][bookmark: _Toc525923768][bookmark: _Toc528951900][bookmark: _Toc534811033]At least a second SCI format, transmitted in PSCCH, is introduced for the purpose of carrying: short-reservation, pre-emption, CSI-RS/report triggering messages. 
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 groupcast/broadcast scenarios. In [9], we provide some link level evaluations of PSCCH for different aggregation levels. In a distributed system, to be able to decode the SL data and/or performs sensing operation based on SCI decoding, a UE needs to monitor the control search space i.e. to blindly decode 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 side. 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 a 2-stage design of PSCCH can be beneficial and should be studied, where the first stage carries information on the location and format of the second stage. 
[bookmark: _Toc525923746][bookmark: _Toc528951882][bookmark: _Toc534811017][bookmark: _Toc1119098]2-stage PSCCH can provide the required flexibility in the design with the reasonable blind decoding complexity of the UE. 
A 2-stage PSCCH design follows the principle of keeping the 1st stage SCI as small as possible with fixed pre-defined search space (i.e. single SCI format with fixed aggregation level). 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 the format or aggregation level 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. Furthermore, the flexible allocation for the 2nd stage SCI can fulfil the coverage requirements for some V2X use cases which may be problematic if single stage SCI is used. 
[bookmark: _Toc1119099]2 stage SCI design allows coexistence of unicast, groupcast and broadcast transmissions using different SCI formats and aggregation levels in the same resource pool. 
Based on the above discussion, we propose the following:
[bookmark: _Toc525923771][bookmark: _Toc528951901][bookmark: _Toc534811034][bookmark: _Toc1119111]2-stage SCI design is supported for NR SL. 
[bookmark: _Toc528951905]Regarding multiplexing of PSCCH and PSSCH, we believe that only option 3 should be supported. In RAN1#ah1901, some companies argued to support option 2 for some V2X use cases requiring higher coverage. In our view, high coverage requirements can be fulfilled using 2 stage SCI design as described above instead of defining the new control region for SCI which not only increases the specification effort but also increases blind decoding complexity at the UE side if such transmissions happen in the same resource pool or carrier. Furthermore, in our view, the motivation and benefits to support option 1B are unclear.  
[bookmark: _Toc1119112]NR SL supports option 3 of multiplexing PSCCH and the corresponding PSSCH. 
6	PSFCH design
In RAN1#95, a dedicated PHY channel for feedback transmission was agreed to be supported:
	Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.



The next relevant question would be what should be transmitted in PSFCH besides SFCI. For NR sidelink unicast, the availability of channel state information (CSI) at the transmitter is useful for link adaptation and directional transmissions. As CSIT acquisition requires transmission of CSI reports from the receiver UE, some companies propose transmitting CSI reports in the PSFCH. However, as described in [4], for a simplified design and to reduce the blind decoding complexity, we propose having CSI reports carried by PSSCH along with its associated SCI. That means, a single format for PSFCH is needed. 
[bookmark: _Toc525923769][bookmark: _Toc528951904][bookmark: _Toc534811035][bookmark: _Toc1119113]PSFCH carries only SFCI related to HARQ feedbacks (i.e. ACK or NACK).
When it comes to the format used for the PSFCH we propose that RAN1 support sequence-based HARQ feedback since it can provide the desired signaling without additional overhead for CRC, channel coding, and reference signals. 
[bookmark: _Toc534811018][bookmark: _Toc1119100]Sequence-based HARQ feedback is beneficial due to reduced overhead and complexity.
Furthermore, in contribution [5] we propose supporting CBG-based HARQ for NR SL and that the support is configurable. Regarding the PHY format of the CBG-based HARQ feedback, we believe that the same sequence-based approach as in the case of TB-based HARQ feedback, described above, can be applied. In fact, for CBG-based HARQ, the reduced overhead of sequence-based feedback compared to channel-based feedback can be more significant. Supporting sequence-based feedback for the CBG-based HARQ also simplifies the SL design as only one method of sending feedback is applied for both TB-based and CBG-based cases.
[bookmark: _Toc528951903][bookmark: _Toc534811036][bookmark: _Toc1119114]NR SL supports sequence-based HARQ feedback, for both TB-based and CBG-based cases. 
[bookmark: _Toc525039703]Regarding the sequence design, our view is that using low PAPR sequences is necessary to guarantee good coverage. As such, the design of PUCCH format in NR Rel-15 can be good references. It is also important to design the feedback sequences so that they can efficiently accommodate the Tx-to-Rx transition time or the AGC settling at the receiver of the feedback. 
[bookmark: _Toc1119115][bookmark: _Toc534811037][bookmark: _Toc534791083]Use low-PAPR sequences for HARQ feedback. NR Rel-15 PUCCH format 0 is reused for PSFCH. 
Regarding resource mapping for the PSFCH, we believe that PSFCH should be carried at the end of the slot.
[bookmark: _Toc534811038][bookmark: _Toc1119116]PSFCH is transmitted at the end of a slot.
7 	On the need of PSDCH
In RAN1#ah-1901, the following conclusion was made. 
	Conclusion:
· RAN1 to conclude on the need of physical channel for discovery in RAN1#96.


In our view, for the physical design of NR sidelink discovery, a dedicated discovery channel is not needed as in 3GPP release 12 LTE ProSe discovery. Instead, sidelink shared channel can be used to carry the discovery messages. In this case, we do not need separate resource allocation procedures for sidelink discovery message. Instead, for resource allocation for sidelink discovery message, we can reuse the resource allocation procedures for sidelink data. Also, without the need of a dedicated physical channel for sidelink discovery, the radio resource usage efficiency can be improved since no resource should be reserved for sidelink discovery physical channel. 
[bookmark: _Toc1119101]PSSCH can be reused for carrying NR sidelink discovery messages.
[bookmark: _Toc1119117][bookmark: _Toc528953082]No new physical channel is introduced for discovery. 
The details on NR sidelink discovery can be found in our companion contribution [6].
8	Error correction codes
In TS 38.212, channel coding schemes are specified for NR for transport channels and control information.
A comprehensive assessment of channel coding techniques for URLLC data provided in [7] concluded that the LDPC codes adopted for NR eMBB service works well for URLLC with its stringent requirement on low BLER of 10-5. With the adopted codes for NR eMBB and the assessment in [7] for URLLC, the use cases for V2X are also covered implying that the LDPC codes adopted in TS 38.212 are also suitable for sidelink and V2X data transmission.
[bookmark: _Toc534811023][bookmark: _Toc1119102]The adopted LDPC codes for eMBB are suitable for sidelink and V2X as well.
[bookmark: _Toc521684851][bookmark: _Toc534811041][bookmark: _Toc1119118]NR V2X transmissions, both on sidelink and Uu, adopt the LDPC codes as specified for eMBB.
For the channel codes for SCI, we believe that polar codes as in NR control channel can be reused. Since there are difference between the codes used for NR uplink and downlink, we have summarized some key aspects in Table 2.
[bookmark: _Ref521660945]Table 2. Summary of relevant features of the polar codes used in NR UL and DL.
	
	NR UL polar code
	NR DL polar code

	Frequency diversity
	Through code-bit interleaving 
	Only through CORESET definition

	CRC length(*)
	6 or 11bits
	24 bits

	Maximum payload
	1706 bits
	140 bits 


(*) CRC length determines the false-alarm rate. Note that 3 bits are used for list decoding.
From a UE design point of view, it is desirable to reutilize DL polar codes. UEs will very likely support not only NR PC5 but also NR Uu, meaning that they will already implement the decoder for DL polar codes as well as the encoder for UL polar codes. The cost and complexity of adding the encoder for DL polar codes is much smaller than that of adding the decoder for UL polar codes. 
[bookmark: _Toc534811024][bookmark: _Toc1119103]It is desirable that UEs can reuse PDCCH decoder also for SCI decoding. 
[bookmark: _Toc521684852][bookmark: _Toc534811042][bookmark: _Toc1119119]Polar codes used in NR downlink are reused for V2X control information. 
9	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


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 measured enabling spectrally efficient transmissions. Therefore, in our view, in addition to DMRS, 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. 
In previous RAN1 meetings, some companies proposed to use DMRS for CSI acquisition. However, in our view, sidelink DMRS should be precoded in the same way as the associated data similar to NR Uu design. Then, the channel estimate using the precoded DMRS cannot reflect the actual physical channel. Instead, it can only represent the precoded equivalent channel. In this way, the correspondingly derived CQI can be very inaccurate for the next data transmission, where the next transmission uses a different precoder. Furthermore, the precoded channel cannot be used to obtain proper RI and PMI either. In principle, the applied precoder(s) could be signalled to the receiver, but there are two drawbacks with this approach. 
· It will break the clean design of precoded DMRS. In fact, one major advantage of precoded DMRS is to avoid the signalling overhead required for indicating the applied precoder(s). 
· In general it is hard to recover the full channel matrix if the number of antenna elements is larger than the number of DMRS ports. 
Hence, we believe SCSI-RS should be supported for sidelink CSI acquisition. Note that SCSI-RS transmissions may or may not be present in a slot, their presence being indicated in PSCCH as described in [4]. 
[bookmark: _Toc525923748][bookmark: _Toc528951885][bookmark: _Toc534811026][bookmark: _Toc1119104]The use of SCSI-RS is justified for the case of unicast transmissions. 
[bookmark: _Toc525923774][bookmark: _Toc528951912][bookmark: _Toc534811044][bookmark: _Toc1119120]In addition to DMRS, Sidelink CSI-RS (SCSI-RS) is supported for NR.
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. 
9.1	DMRS design
In RAN1#ah-1901, the following agreements have been reached. 
	Agreements:
· Multiple DMRS patterns in time domain are supported for PSSCH
· FFS: Whether a DMRS pattern is selected based on the subcarrier spacing
· FFS: Single or multiple DMRS pattern(s) per a resource pool
· FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
· FFS: RE mapping, sequence generation
· Continue to study DMRS pattern in frequency domain for PSSCH
· E.g. Whether multiple patterns are supported, whether PDSCH/PUSCH DMRS configuration 1 or 2 is reused.
Agreements:
· Support PT-RS for PSSCH for FR2



In this sub-section, we present our views on the FFS points. 
First, we think that it is beneficial to select DMRS pattern based on subcarrier spacing (SCS). As described in [8] different SCSs may have different preferred DMRS densities in time domain. More specifically, for a scenario with a given speed, a larger SCS may prefer a lower DMRS density in time domain to leave more resources for data transmission; while a smaller SCS may prefer a higher DMRS density for keeping accurate channel estimation. Hence, to achieve a good tradeoff between channel estimation performance and resource utilization, the DMRS pattern selection based on SCS should be supported.
[bookmark: _Toc1119121]The used DMRS pattern in time domain is selected based on subcarrier spacing.
Regarding the support of single or multiple DMRS pattern(s) per resource pool or per carrier (i.e. per subcarrier spacing) in time domain, we see both pros and cons. On one hand, a flexible DMRS pattern in time domain can enable more efficient resource utilization. Clearly, a high-speed scenario requires higher DMRS density, which however is not needed for low-speed scenarios. On the other hand, the support of multiple DMRS patterns in a resource pool will incur the problem of DMRS misalignment. More specifically, if a UE’s DMRS transmission overlaps with another UE’s data transmission, the interference from data to DMRS may degrade the channel estimation accuracy of the first UE. Whether or not the degradation is significant is not clear yet. Hence, given the very limited time of the SI, we propose to leave the discussions to the WI phase. Moreover, the alignment of Tx and Rx UEs in terms of DMRS pattern should be studied together in the WI phase, since the way of achieving alignment also depends on the number of supported DMRS patterns per resource pool. For example, if a single DMRS pattern is supported, it can be indicated as a part of higher layer (pre-)configuration. However, if multiple DMRS patterns are supported, most likely the indication of the used pattern needs to be carried in the associated SCI. In addition, we believe that the RE mapping and sequence generation of DMRS should also be left to WI, after conducting comprehensive and careful evaluations.   
[bookmark: _Toc1119122]We propose to leave the following DMRS aspects to the discussions in the WI phase.
i. FFS: Single or multiple DMRS pattern(s) per a resource pool
ii. FFS: How TX UE and RX UE can be aligned in terms of the DMRS pattern used for PSSCH
iii. FFS: RE mapping, sequence generation
Furthermore, in our view, a single type of DMRS pattern in frequency domain should be supported. First, we don’t see the need of supporting both PDSCH/PUSCH DMRS type 1 and type 2. Note that the major use case of DMRS type 2 in Uu is to maximize the number orthogonal DMRS ports so that MU-MIMO can be efficiently supported. Second, by restricting to a single type, i.e., type 1, we can not only reduce the signaling overhead but also minimize the DMRS alignment issue.
[bookmark: _Toc1119123]Support a single DMRS pattern in frequency domain for PSSCH, where PDSCH/PUSCH single symbol DMRS type 1 configuration is reused.
9.2	SCSI-RS design 
[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 reverse link. As in NR Uu, we support both periodic and aperiodic SCSI-RS transmissions. Furthermore, we do not see the need of defining multiple types of 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. 
[bookmark: _Toc528951914][bookmark: _Toc534811046][bookmark: _Toc1119124]SCSI-RS design should be aligned with SL DM-RS design.
10 	AGC symbol design
[bookmark: _Toc534994104]As described in Section 9, the overhead due to SL reference symbols should be minimized. Therefore, we do not see the need of having a dedicated AGC training signal on top of DMRS and SCSI-RS. Furthermore, we have evaluated the influence of different slot configurations on AGC operation and settling-time in [8] using link-level simulations. The simulation results and the observations made in [8] indicate that dedicated reference symbols are not necessary for the AGC operation. In particular, IFDM configurations (either of data or RS) have better BLER performance compared to punctured AGC symbol and dedicated AGC preamble due to lower code rate and no puncturing. Therefore, we propose the following:
[bookmark: _Toc1119125]Dedicated reference symbols for AGC are not defined for NR SL V2X.
[bookmark: _Toc1119126]Map data on every other subcarrier with zero subcarriers in-between on the first OFDM symbol to accommodate AGC operation. 
11	Conclusion
In the previous sections, we made the following observations: 
Observation 1	Advantages of supporting DFTS-OFDM for NR SL are unclear and do not outweigh the disadvantages.
Observation 2	gNB is responsible for providing a configuration and/or a scheduling strategy so that SL and DL/UL transmissions can coexist in a shared carrier.
Observation 3	Pools that are not contiguous require more complex (pre-)configuration without clear advantages.
Observation 4	2-stage PSCCH can provide the required flexibility in the design with the reasonable blind decoding complexity of the UE.
Observation 5	2 stage SCI design allows coexistence of unicast, groupcast and broadcast transmissions using different SCI formats and aggregation levels in the same resource pool.
Observation 6	Sequence-based HARQ feedback is beneficial due to reduced overhead and complexity.
Observation 7	PSSCH can be reused for carrying NR sidelink discovery messages.
Observation 8	The adopted LDPC codes for eMBB are suitable for sidelink and V2X as well.
Observation 9	It is desirable that UEs can reuse PDCCH decoder also for SCI decoding.
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	CP-OFDM is the unique waveform for NR SL, both in FR1 and FR2.
Proposal 2	For PSCCH/PSSCH in FR2, NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz.
Proposal 3	In a licensed carrier, SL BWP is configured by gNB and may or may nor overlap with Uu BWP.
Proposal 4	Time resource granularity of resource pool is up to (pre-)configuration with minimum scale of slot-level.
Proposal 5	A resource pool is always contiguous in frequency.
Proposal 6	At least a second SCI format, transmitted in PSCCH, is introduced for the purpose of carrying: short-reservation, pre-emption, CSI-RS/report triggering messages.
Proposal 7	2-stage SCI design is supported for NR SL.
Proposal 8	NR SL supports option 3 of multiplexing PSCCH and the corresponding PSSCH.
Proposal 9	PSFCH carries only SFCI related to HARQ feedbacks (i.e. ACK or NACK).
Proposal 10	NR SL supports sequence-based HARQ feedback, for both TB-based and CBG-based cases.
Proposal 11	Use low-PAPR sequences for HARQ feedback. NR Rel-15 PUCCH format 0 is reused for PSFCH.
Proposal 12	PSFCH is transmitted at the end of a slot.
Proposal 13	No new physical channel is introduced for discovery.
Proposal 14	NR V2X transmissions, both on sidelink and Uu, adopt the LDPC codes as specified for eMBB.
Proposal 15	Polar codes used in NR downlink are reused for V2X control information.
Proposal 16	In addition to DMRS, Sidelink CSI-RS (SCSI-RS) is supported for NR.
Proposal 17	The used DMRS pattern in time domain is selected based on subcarrier spacing.
Proposal 18	We propose to leave the following DMRS aspects to the discussions in the WI phase.
Proposal 19	Support a single DMRS pattern in frequency domain for PSSCH, where PDSCH/PUSCH single symbol DMRS type 1 configuration is reused.
Proposal 20	SCSI-RS design should be aligned with SL DM-RS design.
Proposal 21	Dedicated reference symbols for AGC are not defined for NR SL V2X.
Proposal 22	Map data on every other subcarrier with zero subcarriers in-between on the first OFDM symbol to accommodate AGC operation.
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