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[bookmark: _Ref174151459][bookmark: _Ref189809556]In RAN1 #94, the following agreements were made: 
	Agreements:
· At least PSCCH and PSSCH are defined for NR V2X. PSCCH at least carries information necessary to decode PSSCH.
· Note: PSBCH will be discussed in the synchronization agenda.
· RAN1 continues study on the necessity of other channels. 
· Further study on
· Whether/which sidelink feedback information is carried by PSCCH or by another channel/signal.
· Whether/which information to assist resource allocation and/or schedule UE’s transmission resource(s) is carried by PSCCH or by another channel/signal.
· PSCCH format(s) and content(s) for unicast, groupcast, and broadcast
Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· 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 waveforms
· Subcarrier spacing
· Candidates for further study are: 
· FR1: 15 kHz, 30 kHz, 60 kHz, 120 kHz 
· FR2: 30 kHz, 60 kHz, 120 kHz, 240 kHz
· Companies are encouraged to consider the potential issues and benefit of introducing new subcarrier spacing.
· CP length
· 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
· Channel coding
· For data, channel coding defined for data in Rel-15 NR Uu is the starting point.
· For control, channel coding defined for control in Rel-15 NR Uu is the starting point.
· Modulation
· RE mapping and rate-matching
· Scrambling

Agreements:
· RAN1 continues study on the necessity, benefits and relationship between bandwidth part and resource pool.

Agreements:
Agree the following assumptions as tentative assumptions for the simulation at least till RAN1#94bis
· AGC
· Up to [15] us in FR1. Up to [10] us in FR2.
· TX/RX switching time
· [13] us in FR1 and [7] us in FR2
· Time error
· Up to [0.4] us between a UE and its synchronization reference
· Frequency error
· Up to [0.1] PPM between a UE and its synchronization reference

Agreements:
RAN1 to continue study on multiplexing physical channels considering at least the above aspects:
· Multiplexing of PSCCH and the associated PSSCH (here, the “associated” means that the PSCCH at least carries information necessary to decode the PSSCH).
· Study further the following options: 
· Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
· Option 1A: The frequency resources used by the two channels are the same.
· Option 1B: The frequency resources used by the two channels can be different.
· Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
· Option 3: A part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.
Illustration of the above options:
[image: ]




In this contribution, we discuss issues on physical layer structure and physical channel format (including the PSCCH design for the feedback channel) of NR V2X sidelink design. 

Discussion
In order to design NR V2X sidelink, it is desirable that NR features are reused as much as possible and some necessary features of LTE V2X sidelink can be reused in NR V2X sidelink. When we design the NR V2X sidelink physical layer structure, the flexible numerology, waveform, channel coding, DMRS structure, and modulation scheme used in NR can be reused in NR V2X. The detailed viewpoints are discussed in following section.
Physical layer structure

Waveform
In NR, the OFDM is supported for downlink and uplink transmission and SC-FDM is supported for uplink. Although SC-FDM has advantages over OFDM in coverage, it is less flexible than OFDM in resource allocation, and there is a restriction that data symbols and RS symbols must be TDM in the DMRS design for SC-FDM. At least, NR V2X should be able to achieve coverage equal to or greater than LTE V2X. If OFDM can provide a wider coverage than LTE V2X, only OFDM can be supported to reduce specification workload.
Proposal 1: OFDM and SC-FDM can be further studied for NR sidelink waveforms. If OFDM can guarantee coverage over LTE V2X, OFDM can only be supported in NR sidelink. 

Numerology
In order to meet the requirements of various services and applications in NR V2X, and for coexistence with Uu, the NR sidelink supports the flexible numerology supported by NR. In order to reduce the specification impact and improve coexistence with NR Uu link, it is preferred that only the numerologies supported in NR Uu link is supported in NR sidelink.
Proposal 2: NR sidelink supports the flexible numerology supported by NR and it is preferred that only the numerologies supported in NR Uu link are supported in NR sidelink.

CP length
In order to reduce the specification impact and improve coexistence with NR Uu link, it is preferred that only the CP lengths supported in NR Uu link is supported in NR sidelink. However, since CP length supported in NR Uu may not be able to absorb propagation delay from multiple UEs in sidelink, sone enhanced synchronization mechanism can be considered to address this issue as discussed in our companion contribution [2]. 
Proposal 3: It is preferred that only the CP lengths supported in NR Uu link is supported in NR sidelink. 

RS design
DMRS/PT-RS design: In NR structure, for fast decoding and low latency, DMRS is located in the front symbol (i.e. front-loaded DMRS). In addition, for high speed UE to cope with the high Doppler Effect, additional DMRS can be configured and the position and number of front-loaded and additional DMRS symbols are listed in TS 38.211. In LTE V2X structure, there are 4 DMRS symbols located in one subframe. This DMRS structure of LTE V2X (i.e. 4-V (4 vertical) DMRS structure) already can be configured by using the listed table in NR. As described above, the flexible subcarrier spacing and frequency range (i.e., carrier frequency) should be considered in NR V2X structure. One thing to consider in the sidelink is that the symbol position of the DMRS can be shifted because the first symbol DMRS can be affected by AGC.
Under the condition of high speed and high frequency range, the H (horizontal) DMRS structure (which is similar to PT-RS structure of NR) can be used for NR V2X. Furthermore, for the flexibility of NR V2X structure, both V-type and H-type DMRS structure can be used by configuring PT-RS properly. The phase tracking for the high speed UE can be performed by using the H-type DMRS and the signal can be demodulated by using the V-type DMRS. These DMRS/PT-RS structure could be (pre)configured by higher layer signalling according to the resource pool or service type. 
Proposal 4: The DMRS structure for NR sidelink could be (pre)configured by higher layer signalling. 

CSI-RS/SRS design: Basically, in Uu, CSI-RS and SRS are to measure CSI in downlink and uplink respectively. Therefore, CSI-RS and SRS have the same purpose, so it is not desirable to treat them in sidelink separately. In sidelink, it is not desirable for a particular UE to transmit CSI-RS using only some REs like downlink CSI-RS, and to allow another UE to clear the corresponding CSI-RS location. This is because severe inband emission interference may occur when signals of different terminals are multiplexed at RE level. It is also necessary to discuss whether the purpose of the CSI-RS is to measure CSI for currently used resources or to measure CSI for resources that may be used in the future.

Proposal 5: RAN1 needs to discuss whether the purpose of the CSI-RS is to measure CSI for currently used resources or to measure CSI for resources that may be used in the future.

Channel coding
In NR, LDPC and polar code are used for the data channel and control channel, respectively. The same channel coding can be used in NR V2X. However, when the payload size of control channel is small, TBCC has better performance than the polar code [3]. Therefore, it can be decided whether to use TBCC or polar for control channel depending on the discussion of payload size of control channel.
Observation 1: When the payload size of control channel is small, TBCC has better performance than the polar code.
Proposal 6: For data channel, LDPC can be used in NR V2X sidelink. For control channel, it can be decided whether to use TBCC or polar code depending on the discussion of payload size of the control channel. 

Modulation scheme
In NR structure, QPSK, 16-QAM, 64-QAM, 256-QAM modulation scheme is used for the uplink and downlink. In addition, Pi/2 BPSK modulation scheme is used in the uplink control transmission for the coverage enhancement and to generate sequence of PT-RS (which is used to enhance the Doppler Effect for the high speed UE). In NR V2X sidelink, we can also apply the same modulation scheme used for the uplink and downlink in NR structure.In addition, Pi/2 BPSK modulation scheme can also be adopted to improve high Doppler Effect and enhance coverage of transmission in NR V2X structure.
Proposal 7: In NR V2X, same modulation schemes of NR Uu can be used. In addition, Pi/2 BPSK scheme can be used for the control and/or data signal modulation to improve high Doppler Effect and enhance coverage of transmission.

AGC and switching period consideration 
In the LTE V2X, the first symbol and last symbol in one TTI are used to AGC and Tx/Rx switching operation, respectively. Thus, the first and the last symbols among 14 symbols are not used for demodulation. However if the AGC or Tx / Rx switching of 1 symbol is considered in the NR structure, the overhead becomes too large. According to tentative assumption of AGC/switching period agreed in RAN1 #94, AGC/switching period can be much less than one symbol depending on numerology. To enhance efficiency, the comb type RE mapping on the AGC and/or Tx/Rx switching symbol can be considered to utilize the partial REs for data or RS mapping in the guard symbols. Another way is to place the AGC and the switching period in one symbol. For example, the switching period is placed in the front part of the first symbol in the next slot and the AGC period is placed in the last part of the first symbol in the slot. 
Proposal 8: The comb type RE mapping on AGC and/or Tx/Rx switching symbol or placing AGC and switching period within one symbol can be considered to enhance efficiency. 

Multiplexing PSCCH and the associated PSSCH
Option 1b or option 3 can be baseline. However, if the control and data are transmitted in different slots in option 1b or 3, PSCCH or PSSCH can transmitted only in some symbols within a slot, which may affect the AGC operation of the other UEs. Therefore, option 2, in which the PSCCH occupies one slot entirely, can also be considered.
Proposal 9: For multiplexing PSCCH and the associated PSSCH, Option 1b or 3 can be baseline. When the control and data are transmitted in different slots, Option 2 in which the PSCCH/PSSCH occupies one slot entirely can also be considered.  

PSCCH format
The number of RB sizes and symbols of PSCCH may be predetermined or may be flexible according to service or application or slot structure or PSCCH/PSSCH association option. 
In NR V2X sidelink, various service requirements should be fulfilled. To support the various service requirements, multiple SCI formats and multiple aggregation level of SCI can be considered.
In NR structure, the number of downlink and uplink symbols per slot can be changed by slot format configuration. If this flexible slot structure is used in NR V2X sidelink, the number of OFDM symbol for control channel can be also changed. If the payload size of control signal is fixed, the coding rate can be changed by depending on the number of OFDM symbol for each slot. Thus, the implementation complexity of Rx UE is increased and the decoding performance of control channel can be unstable. To solve this problem, the number of symbols for PSCCH can be fixed in the various lengths of slot structure. 
The size of the frequency resource of the PSCCH can also be fixed or variable. The advantage of the fixed method is that it can lower the blind decoding complexity of the UE, and the advantage of the variable method is that it can flexibly support various different services.
Also, as mentioned above, when the PSCCH and the PSSCH are transmitted in different slots (with time gap), a PSCCH format in which the PSCCH completely occupies one sidelink slot may be considered in order to reduce the AGC impact of other UEs. The PSCCH DMRS may be generated differently depending on the format of the PSCCH in order to prevent excessive blind decoding by the receiver UE. The receiving UE can detect the PSCCH DMRS and perform PSCCH decoding.
To summarize, RAN1 needs to study on pros/cons of introducing multiple SCI formats or multiple aggregation level of SCI. 
Proposal 10: RAN1 needs to study on pros/cons of introducing multiple SCI formats or multiple aggregation level of SCI. 

MIMO aspects
In LTE structure, transmit diversity such as SFBC/FSTD/CDD/beam cycling is supported. In NR V2X sidelink, various diversity techniques such as SFBC, FSTD, CDD, beam cycling can be considered. When the UE select diversity scheme, the number of antenna ports is one of the important parameters. For multi-port diversity schemes, it should be careful to use because it can give more interferences to neighboring UEs. On the other hand, mmWave beam management is lower priority since FR2 is deprioritized in SID and MIMO specific enhancement can be studied in other items.
Proposal 11: Diversity techniques such as SFBC, FSTD, CDD, beam cycling can be considered in NR V2X sidelink. 
Proposal 12: mmwave beam management is lower priority due to the description of SID and the limited time schedule of SI.
Proposal 13: MIMO specific enhancement can be studied in other items.

Feedback channel format
At least for QoS management, HARQ feedback can be supported in NR V2X sidelink. In NR structure, transport block (TB) or Code block group (CBG) based HARQ process is used for the QoS management. RAN 1 should study the feedback channel structure for NR V2X sidelink. As a starting point, the long/short PUCCH or PSCCH of NR structure can be considered. However, when designing a feedback channel, the AGC/switching period should be taken into account, like other sidelink physical channels.
Proposal 14: Long/short PUCCH or PSCCH of NR structure are the starting point for feedback channel of NR V2X sidelink.

Conclusion
This contribution discussed on physical layer structure and physical channel format for NR V2X sidelink. The discussions can be summarized as follows:
Proposal 1: OFDM and SC-FDM can be further studied for NR sidelink waveforms. If OFDM can guarantee coverage over LTE V2X, OFDM can only be supported in NR sidelink. 
Proposal 2: NR sidelink supports the flexible numerology supported by NR and it is preferred that only the numerologies supported in NR Uu link are supported in NR sidelink.
Proposal 3: It is preferred that only the CP lengths supported in NR Uu link is supported in NR sidelink. 
Proposal 4: The DMRS structure for NR sidelink could be (pre)configured by higher layer signalling. 
Proposal 5: RAN1 needs to discuss whether the purpose of the CSI-RS is to measure CSI for currently used resources or to measure CSI for resources that may be used in the future.
Observation 1: When the payload size of control channel is small, TBCC has better performance than the polar code.
Proposal 6: For data channel, LDPC can be used in NR V2X sidelink. For control channel, it can be decided whether to use TBCC or polar code depending on the discussion of payload size of the control channel. 
Proposal 7: In NR V2X, same modulation schemes of NR Uu can be used. In addition, Pi/2 BPSK scheme can be used for the control and/or data signal modulation to improve high Doppler Effect and enhance coverage of transmission.
Proposal 8: The comb type RE mapping on AGC and/or Tx/Rx switching symbol or placing AGC and switching period within one symbol can be considered to enhance efficiency. 
Proposal 9: For multiplexing PSCCH and the associated PSSCH, Option 1b or 3 can be baseline. When the control and data are transmitted in different slots, Option 2 in which the PSCCH/PSSCH occupies one slot entirely can also be considered.  
Proposal 10: RAN1 needs to study on pros/cons of introducing multiple SCI formats or multiple aggregation level of SCI. 
[bookmark: _GoBack]Proposal 11: Diversity techniques such as SFBC, FSTD, CDD, beam cycling can be considered in NR V2X sidelink. 
Proposal 12: mmwave beam management is lower priority due to the description of SID and the limited time schedule of SI.
Proposal 13: MIMO specific enhancement can be studied in other items.
Proposal 14: Long/short PUCCH or PSCCH of NR structure are the starting point for feedback channel of NR V2X sidelink.
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