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Introduction
In the RAN1 #97 meeting, physical structure of NR-V2X was discussed and the following agreements were achieved [1]:

Agreements:
· A sequence-based PSFCH format with one symbol (not including AGC training period) is supported.
· This is applicable for unicast and groupcast including options 1/2.
· Sequence of PUCCH format 0 is the starting point.
· FFS: 1 PRB or multiple PRBs is/are used for this PSFCH format
· FFS: feasible number of HARQ-ACK bits, mapping of HARQ-ACK bit 
· FFS whether to support the following formats
· X-symbol PSFCH format with a repetition of the one-symbol PSFCH format (not including AGC training period).
· E.g. X=2
· A PSFCH format based on PUCCH format 2
· A PSFCH format spanning all available symbols for sidelink in a slot

Agreement:
· Transmission of PSSCH is mapped onto contiguous PRBs only
Agreement:
· Sub-channel size is (pre)configurable.
· FFS details (e.g., possible sizes, a minimum size etc.)
Working assumption:
· Rel-15 PDSCH DMRS Configuration type 1 and/or type 2 are reused for frequency-domain pattern of PSSCH DMRS.
· FFS whether to support either one or both types
· FFS details on multiplexing of different ports for PSSCH DMRS

In this contribution, we continue discussing the detailed design of physical layer structure of NR-V2X SL.
Reference signal
1.1 DMRS

· DMRS for PSSCH
It was agreed that multiple DMRS patterns in time domain were supported for PSSCH in RAN1 AH #1901 meeting [2].
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.

If the DMRS pattern is subcarrier spacing specific or resource pool specific, it is natural that the transmitter and receiver can be aligned in terms of DMRS pattern based on the numerology or resource pool used for PSSCH. Different SCS corresponds to different time length per slot and accordingly different DMRS density in time domain. Therefore, the DMRS pattern for PSSCH should be subcarrier spacing specific. 
For each SCS, it also need to support multiple DMRS patterns in time domain considering different speed scenarios. The lower the speed is, the lower DMRS density in time domain should be. It is not reasonable to configure multiple resource pool for each speed range since that will cause resource in-efficiency and resource fragment. The UE with different speed which corresponds to different DMRS pattern can share the same resource pool.
Proposal 1: Multiple DMRS patterns of PSSCH in time domain per resource pool are supported.
To align the DMRS pattern between TX UE and RX UE, the DMRS pattern of PSSCH can be indicated by SCI. In that case, TX UE can have the flexibility to select the suitable DMRS pattern, such as based on TX UE’s speed. 
Proposal 2: DMRS pattern of PSSCH in time domain can be indicated in SCI. 
There are two types of DMRS pattern in frequency domain for PDSCH in Rel-15 NR. While for NR-V2X, the DMRS pattern of PSSCH in frequency domain can be fixed. There is no strong motivation to support multiple DMRS patterns in frequency domain.
Proposal 3: DMRS pattern of PSSCH in frequency domain is fixed.
Rel-15 NR Uu DMRS design of PDSCH can be taken as the starting point for NR-V2X SL DMRS design of PSSCH. Frequency domain OCC can be used to support up to 2 rank transmission. 
To reduce decoding latency, front-load DMRS can be applied. In NR-V2X SL, the first OFDM symbol is usually used as AGC symbol, so that the first available OFDM symbol that can be used to map PSSCH DMRS is the second OFDM symbol. The MIMO scheme may be different for PSCCH and PSSCH. For example, SFBC is applied to PSCCH, and pre-coder cycling applied to PSSCH. Therefore, the DMRS for PSCCH cannot be used to estimate the channel for PSSCH decoding. The PSSCH DMRS sequence cannot be truncated/punctured by PSCCH to avoid degrading the PSSCH performance. It is preferred that the OFDM symbol containing PSSCH DMRS is different with the OFDM symbol that is used for PSCCH. If PSCCH starts from 2nd OFDM symbol, the first OFDM symbol can be used for PSSCH DMRS is after the last PSCCH OFDM symbol. That will degrade the performance of PSSCH decoding since the worse channel estimation of PSSCH on the OFDM symbols containing PSSCH. Then we propose that the 2nd OFDM symbol is used for PSSCH DMRS and the OFDM symbol that can be used for PSCCH is between the first and second PSSCH DMRS OFDM symbol. One illustration of PSSCH DMRS is shown in Figure 1. 
Proposal 4: 
· Rel-15 NR DMRS configuration type 1 is used for NR PSSCH DMRS design. 
· Frequency domain OCC is used to support 2 antenna ports. 
· The first PSSCH DMRS symbol is the 2nd OFDM symbol in a slot. 



Figure 1 Illustration of PSSCH/PSCCH DMRS pattern
· DMRS for PSCCH
For PSCCH, DMRS design can be similar as DMRS of PDCCH in Rel-15 NR. For PDCCH, there are 3 REs used for DMRS per RB. Every OFDM symbol and every RB of DMRS has DMRS separately. One illustration of PSCCH DMRS is shown in Figure 1.
To avoid RX UE blind detecting PSCCH, the DMRS pattern of PSCCH in time domain can be SCS specific or resource pool specific.
Proposal 5: DMRS pattern of PSCCH in time domain can be numerology or resource pool specific.
Proposal 6: Rel-15 NR DMRS of PDCCH can be taken as starting point for NR PSCCH DMRS design.
1.2 CSI-RS
CSI-RS can be used to estimate the channel quality. For unicast communication on SL, a working assumption was agreed in RAN1 #96 meeting about CSI reporting [3]
Working assumption:
· For unicast, the following CSI reporting is supported based on non-subband-based aperiodic CSI reporting mechanism assuming no more than 4-port:
· CQI
· RI
· PMI
· CSI reporting can be enabled and disabled by configuration.
· It is supported to configure a subset of the above metric for CSI reporting.
· There is no standalone RS transmission dedicated to CSI reporting in Rel-16
· NR sidelink CSI strives to reuse the CSI framework for NR Uu.
· Discuss details during WI phase
 
It was agreed in RAN1 #96bis that CSI-RS for CQI/RI measurement was supported [4].
Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission

According to the above working assumption, there is no standalone RS transmission dedicated to CSI reporting. The CSI-RS transmission is combined within PSSCH transmission. Within the slot, one OFDM symbol is used for CSI-RS. The CSI-RS pattern in frequency domain and the symbol in a slot used for CSI-RS can be (pre-)configured. One illustration of CSI-RS combined within PSSCH is shown below. 


Figure 2 Illustration of CSI-RS

Proposal 7: 
· One OFDM symbol within a slot is used for CSI-RS
· CSI-RS in time and frequency domain can be (pre-)configured.
Whether there is CSI-RS transmitted in the slot should be known by RX UE so that it can perform measurement or decode PSSCH correctly. This information can be carried in the associated SCI. Furthermore, the CSI-RS resource in time and frequency domain can be also indicated in SCI.
Proposal 8: SCI indicates the existence of CSI-RS in the associated PSSCH. 
Physical channels
1.3 PSFCH
It was agreed that sequence based short PSFCH which only occupy one OFDM symbol should be supported. FFS X-symbol PSFCH, where X is equal or larger than 2. 
If X=2 (not including AGC symbol) is supported for PSFCH, then there will be two PSFCH structures for NR-V2X. It is not possible for these two PSFCH structures to be FDMed within a carrier considering the AGC issue. If PSSCH and PSFCH are TDMed within the same slot, the TX UE needs to indicate which PSFCH format is used so that the RX UE can know how many OFDM symbols are used for PSFCH and PSSCH separately in order to decode PSSCH correctly. That will cause additional complexity.
Some companies propose to support long PSFCH, which spans all of the symbols available for SL within a slot, to improve coverage and performance. To support long PSFCH, a specific resource pool needs to be (pre-)configured which is different with the resource pool for short PSFCH. Furthermore, long PSFCH is hardly to be used in shared carrier. For shared carrier, only partial symbols, such as only UL symbols, of a slot can be used for SL. The number of symbols for SL is flexible. For example, the number of available SL symbol per slot can varies from 1 to 14. To keep the same coding rate, the number of RBs per long PSFCH should also vary according to the number of OFDM symbols. That will result in lots of specification work.
Observation 1: Long PSFCH is hardly to be used in shard carrier because of flexible number of symbols available for SL.
Observation 2: If long PSFCH is used in shared carrier, lots of specification work is needed.
Proposal 9: PSFCH with X>= 2 is not supported in Rel-16 NR-V2X.
While another method for HARQ-ACK feedback is to use PSSCH channel, which is similar as UCI on PUSCH. Furthermore, according to the WID [5], CSI carried in PSSCH will be studied.
1. NR sidelink: Specify NR sidelink solutions necessary to support sidelink unicast, sidelink groupcast, and sidelink broadcast for V2X services, considering in-network coverage, out-of-network coverage, and partial network coverage.
……
· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]
· CSI acquisition for unicast [RAN1]
· CQI/RI reporting is supported and they are always reported together. No PMI reporting is supported in this work. Multi-rank PSSCH transmission is supported up to two antenna ports.
· In sidelink, CSI is delivered using PSSCH (including PSSCH containing CSI only) using the resource allocation procedure for data transmission.
 If CSI can be carried in PSSCH, we think that it is also reasonable for HARQ-ACK to be carried in PSSCH which can be benefit for the coverage enhancement of feedback. It can also be applied to shared carrier. If the number of OFDM symbols per slot for SL transmission is variable, the number of PRB can also be varied to maintain the same coding rate for HARQ information bits. The transmission resource is indicated by SCI, so that the receiver can decode PSSCH without blind decoding.
Proposal 10: It supports to carry HARQ feedback in PSSCH in NR-V2X.
NR-V2X supports up to 2 layers transmission of PSSCH. 1 TB can be used for up to 2 layers transmission, which corresponds to 1 bit HARQ-ACK feedback corresponding to each PSSCH. It was agreed that the transmission resource of PSFCH can be configured per N slots, where N is 1, 2, or 4. Therefore, it is possible that multiple PSSCH transmissions within the slot set corresponding to PSFCH in the same slot. Then multiple HARQ-ACK information bits can be multiplexed into one PSFCH channel. 
Proposal 11: Up to 4 HARQ-ACK bits can be multiplexed into one PSFCH.
It was agreed to use PUCCH format 0 as the starting point for sequence based PSFCH. Cyclic shift is used for PUCCH format 0. If up to 4 HARQ-ACK bits are multiplexed into one PSFCH, at least 16 sequence with different cyclic shift is needed. Furthermore, considering the near-far effect and in-band emission in SL feedback for groupcast, we propose to use 4 or 6 PRBs for PSFCH. 
Proposal 12: 4 or 6 PRBs are used for PSFCH. 
1.4 PSCCH
Until now, only PSCCH and PSSCH multiplexing option 3 was agreed as working assumption. In that case, the PSCCH is transmitted within the transmission resource of PSSCH. PSSCH transmission is sub-channel based and the size of sub-channel is (pre-)configured. PSCCH can also be sub-channel based. The size for the sub-channel of PSCCH can be different with the size of sub-channel for PSSCH. 
The number of OFDM symbols used for PSCCH can be configured per resource pool. Within a slot, the first OFDM symbols is used for AGC, the second OFDM symbol is mapped with PSSCH DMRS. Considering that the PSSCH DMRS cannot be truncated/punctured by PSCCH resource, then the mapping of PSCCH starts with the 3rd OFDM symbol. 
One illustration of PSCCH and PSSCH multiplexing is shown in figure 3.


Figure 3 NR-V2X frame structure

Proposal 13: For PSCCH:
· PSCCH starts from the 3rd OFDM symbol.
· The number of OFDM symbols is (pre-)configured per resource pool. 
· The frequency starting position is aligned between PSCCH and PSSCH. 
· The sub-channel size of PSCCH can be (pre-) configured and different with sub-channel size of PSSCH.

· 1-stage vs. 2-stage SCI
Whether to support 1-stage or 2-stage SCI was discussed in RAN1 #97 meeting. The link level simulation results in [10-13] show that 1-stage SCI is better for PSCCH decoding. 2-stage SCI is better for sensing since the decoding performance of the first SCI is better than 1-stage SCI. While the sensing is not only related to SCI decoding, but also SL-RSRP and SL-RSSI measurement. The benefit for sensing of 2-stage SCI should be based on system level simulation results. Considering PSCCH and PSSCH decoding performance is determined by the performance of PSCCH, then we propose to use 1-stage SCI in Rel-16 NR-V2X. 

Proposal 14: 1-stage SCI is supported in Rel-16 NR-V2X.

· SCI contents
The following SCI contents can be discussed.
Table 1
	Bit field
	candidate size
	Note 

	HARQ process number
	[1-4]
	agreed in RAN1-#AH1901

	NDI
	1
	agreed in RAN1-#AH1901

	RV
	2
	agreed in RAN1-#AH1901

	Layer-1 source ID
	[8-24]
	agreed in RAN1-#AH1901

	Layer-1 destination ID 
	[8-24]
	agreed in RAN1-#AH1901

	frequency-domain resource assignment for scheduling PSSCH
	[8]
	Needed: size dependent on BW/sub-channel size

	MCS
	[5]
	Needed

	CRC
	24
	Needed

	QoS indication
	[3]
	Needed: Similar as PPPP in LTE-V2X

	CSI-RS indication
	[1]
	Needed: indicate whether there is CSI-RS in the associated PSSCH

	CSI request
	[1]
	Not needed: CSI-RS indication can be implicitly used to indicate CSI report is necessary

	CSI report
	[1]
	Needed: indicate whether there is CQI/RI report in the associated PSSCH

	Antenna port(s)
	[2]
	Needed: related to #layer/DMRS ports

	PT-RS indication
	[1]
	Needed: indicate whether there is PT-RS in the associated PSSCH 

	CBGTI
	[0-8]
	Depends on whether to support CBG or not

	Resource reservation for retransmission
	[4]
	Needed: initial TX can reserve resource for re-tx of same TB.

	Resource reservation for next TB 
	[4]
	Needed: TX of first TB can reserve resource for next TB. 

	Retransmission index
	[1-2]
	Needed: indicate the index of re-tx

	HARQ feedback indication
	[1]
	Needed: enable/disable SL feedback

	NACK-only or ACK/NACK
	[1]
	Needed: option1 or option 2 feedback for GC

	Zone ID
	[10]
	

	NACK distance
	[5]
	

	DMRS pattern
	[2]
	Needed: dynamic DMRS pattern indication

	TX power indication
	[3-5]
	Needed: for SL-RSRP measurement and sensing [14,15]



Proposal 15: SCI contents in Table 1 are used as starting point for further discussion.

1.5 PSSCH
The following working assumption for PSSCH was achieved in RAN1 #96bis meeting [4]: 

Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
In Rel-15 NR Uu, 1 TB can be mapped to up to 4 layers. Then in NR-V2X SL, there is no motivation to support 2 TB mapped to 2 layers. 
Proposal 16: Confirm the working assumption: 
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.

In Rel-14 LTE-V2X, only 16QAM was supported. And 64QAM was supported in Rel-15 LTE-eV2X. We propose to support 64QAM for PSSCH as baseline in Rel-16 NR-V2X. 
Proposal 17: 64QAM is supported for NR-V2X. FFS 256QAM.
Frame structure
1.6 PSCCH and PSSCH multiplexing
In RAN1 #94bis, option 1A, option 1B and option 3 of multiplexing between PSCCH and PSSCH were agreed. In RAN1 #95, an working assumption was agreed that at least option 3 was supported for CP-OFDM and an LS was sent to RAN4 asking for the need of transient period for option 1A, option 1B and option 3. 
For option 1B, PSCCH and its associated PSSCH are transmitted at different time. Furthermore, PSCCH and its associated PSSCH can be in the same subframe (time adjacent) or different subframe (time non-adjacent). 


Figure 4 Time adjacent or non-adjacent in option 1B
We propose to support option 1B considering the following benefits. 
· Option 1B is benefit for sensing or reservation of initial transmission. For aperiodic traffic, UE cannot reserve resource for the next transmission block. There are two ways for UE to reserve the resource of current TB to assist other UE’s sensing procedure. The first way is to indicate the resource of retransmission by previous transmission. While considering that it is possible that there is no re-transmission per transmission block, such as the number of re-transmission can be configured to zero in case of congestion, there will be no reservation for the transmission resource. It is equal to random selection of transmission resource for each UE and will cause severe transmission collision since the congestion level is high. Another way is to indicate the transmission resource for both initial transmission and re-transmission. Non-adjacent option 1B is suitable for this case. Even there is no re-transmission per TB, the indication of resource used for initial transmission can also be helpful for sensing procedure.
· Option 1B is benefit for PSCCH coverage enhancement. For option 3, PSCCH and PSSCH are transmitted at the same time and share the transmission power. It is hardly to do power boosting for PSCCH. If the packet size of PSSCH is very large, PSSCH will occupy larger bandwidth to carry the payload, which will result in small transmission power of PSCCH. If power boosting is applied to PSCCH, the transmission power of PSSCH on the OFDM symbols containing PSCCH will be reduced to keep the total transmission power does not change within the slot. That will cause unequal EPRE for PSSCH on PSCCH OFDM symbol and the rest OFDM symbols without PSCCH transmission. And the decoding performance of PSSCH will degrade. 
While for option 1B, PSCCH are transmitted independently of PSSCH. The total transmission power can be applied to PSCCH, which is benefit for PSCCH coverage enhancement.
To improve the coverage of PSCCH in option 3, some companies propose to support option 2 (FDM between PSCCH and PSSCH) for PSCCH and PSSCH multiplexing. While similar as long PSFCH discussed in previous section, we don’t think option 2 can be easily applied in shared carrier.
· Option 1B is benefit for beamforming. NR-V2X will be used not only in FR1, but also in FR2. No additional optimization will be considered in Rel-16 for FR2 except PT-RS considering limit time. While in later release, NR-V2X in FR2 will be studied. It is common understanding that beamforming is an efficient way to improve coverage in FR2. For option 3, the same beam will be used for PSCCH and PSSCH since they are transmitted at the same time. PSCCH transmission with specific beam is not suitable for sensing procedure. While for option 1B, different beam can be used for PSCCH and PSSCH separately. For example, PSCCH can be transmitted with wide beam or without beam for other UE’s sensing. PSSCH can be transmitted with narrow beam for coverage enhancement. Therefore, option 1B is more benefit for forward compatibility.  
Proposal 18: PSCCH and PSSCH multiplexing scheme option 1B should be supported in NR-V2X. 
1.7 PSCCH/PSSCH and PSFCH multiplexing
In RAN1 #96bis, the multiplexing of PSCCH/PSSCH and short PSFCH (which only occupies several last OFDM symbols of a slot) was discussed [4].
Agreements:
· At least for transmission perspective of a UE in a carrier, at least TDM between PSCCH/PSSCH and PSFCH is allowed for a PSFCH format for sidelink in a slot.
· FFS the details of the corresponding PSFCH format
· FFS whether it is also applicable from system/resource pool perspective or not
· i.e., in this case, there is no simultaneous transmission of PSCCH and PSFCH and there is no simultaneous transmission of PSSCH and PSFCH.
· FFS FDM between PSCCH/PSSCH and a PSFCH format which uses last symbol(s) available for sidelink in a slot 
· FFS TDM/FDM between PSCCH/PSSCH and other PSFCH format(s), if supported, which is/are different from the PSFCH format which uses last symbol(s) available for sidelink in a slot

It was agreed that from a transmission UE perspective, at least TDM between PSCCH/PSSCH and PSFCH in a slot was supported. While for the FDM multiplexing, we think that will result in AGC issue, no matter it is from a transmission UE perspective or system perspective. One illustration of this issue is shown in the following figure.
· From a TX UE perspective: UE1 transmits PSCCH/PSSCH in sub-channel 2 and PSFCH in sub-channel 1. If the transmission power of PSSCH keep constant within the slot, then only half of the total power can be used for PSSCH and PSFCH. For any receiver, AGC is needed before starting receiving PSFCH. From the TX UE perspective, the transmission power jump from half of the total power when transmitting PSSCH only to total power when transmitting PSSCH and PSFCH at the same time. Transient period is needed because of transmission power adjustment. 


Figure 5 FDM between PSCCH/PSSCH and PSFCH from UE perspective
· From a system perspective: UE1 transmits PSCCH/PSSCH in sub-channel 2, UE2 transmits PSCCH/PSSCH in sub-channel 1 and UE3 transmits PSFCH in sub-channel 1 using the last OFDM symbols of the slot. For any receiver, such as UE4, which needs to receive the PSCCH/PSSCH from UE1, it needs to do two times AGC separately at symbol 10 because of UE2 stops transmission, and at symbol 11 because of UE3 starts transmission. 



Figure 6 FDM between PSCCH/PSSCH and PSFCH from system perspective
Proposal 19: FDM between PSCCH/PSSCH and short PSFCH is not supported in NR-V2X.
1.8 AGC and GP
The AGC timing and TX/RX switching timing was discussed in RAN4 and the following response was sent from RAN4. 
For AGC timing [6]:
· AGC settling time : 
· For single CC using CP-OFDM waveform and at least 10 RB allocation
·  35 usec for 15 kHz SCS
·  35 usec for 30 kHz SCS
·  18 usec for 60 kHz SCS
· RAN4 has not studied the multicarrier cases.

For TX/RX switching timing [7]
· TX/RX switching time
· FR1: 13 us
· FR2: 7us 
In LTE-V2X, one symbol is used for AGC and one symbol for GP. For NR-V2X, the TX/RX switching timing is much less than the OFDM symbol length in FR1 so that it is possible to use comb-like resource mapping to improve resource efficiency. 
The AGC timing is less than half of the OFDM symbol length for 15 kHz SCS, while comparable to OFDM symbols length for 30kHz and 60kHz SCS. Comb-like resource mapping for AGC symbol is also benefit in some cases. For example, for 15kHz SCS, the second repeated signal can be used for decoding to improve performance.
Proposal 20: Comb-like resource mapping is applied to AGC and GP symbol. 
Bandwidth part configuration on SL
BWP mechanism was agreed to be used in NR-V2X SL. In RAN1 AH#1901 meeting, the following agreements were achieved [2].
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
We propose that the configuration of SL BWP is independent to either DL BWP or UL BWP. If NR-V2X SL is deployed on shared carrier, there will be 3 kinds of BWP: DL BWP, UL BWP, and SL BWP. In Rel-15, up to 4 DL BWP and 4 UL BWP can be configured and different BWP can have different numerologies. At a given time, only one DL BWP and one UL BWP is activated. Network can semi-statically or dynamically switch DL BWP or UL BWP. If the SL BWP is configured to be related to DL/UL BWP, when the DL/UL BWP is switched, the related SL BWP should also be switched. It was agreed that the same SL BWP is used for both TX and RX and no signaling is exchanged in sidelink for activation and deactivation of SL BWP [2]. If SL BWP is switched, both TX and RX BWP is switched which may miss some SL message if other UEs are not aware the SL BWP switching of this UE. Therefore, it is reasonable that the configuration of SL BWP is independent to DL/UL BWP. 
Proposal 21: The configuration of SL BWP is independent to DL/UL BWP if NR-V2X SL is deployed on shared carrier. 
At RAN1 AH#1901 meeting, it was agreed that “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.” to reduce the implementation of UE complexity. If the DL BWP and SL BWP share the same carrier, the same principle as SL BWP and active UL BWP can be applied, i.e., UE is not expected to use different numerology in the configured SL BWP and active DL BWP in the same carrier at a given time. 
Proposal 22: UE is not expected to use different numerology in the configured SL BWP and active DL BWP in the same carrier at a given time
In Rel-15, up to 4 DL BWP and 4 UL BWP can be configured and different BWP can have different numerologies. If the SL BWP and active DL/UL BWP have the same numerology, UE can do SL and Uu transmission/reception at the same time. If the SL BWP and active DL/UL BWP have different numerologies, UE should do BWP switching between SL BWP and active DL/UL BWP. For the initial Uu BWP, it is also possible that its numerology is different with SL BWP. In that case, UE should switch from SL BWP to Uu BWP for cell search or initial access. 
If BWP switching between SL BWP and Uu BWP is necessary, the effect of switching time should be considered. From RAN4 specification [8], if the locationAndBandwidth or SCS of BWP is changed, switching time is needed and the switching time is up to X slots, where X is equal to or larger than 1 and related to SCS. During the switching time, UE cannot TX/RX on SL BWP which will affect SL operation. 
Therefore, if NR-V2X SL is deployed on shared carrier, UE will do both UL and SL transmission. If SL BWP and UL BWP are configured with same SCS and locationAndBandwidth, UE can do UL and SL transmission at the same time. Furthermore, there will be no switching time if UE does BWP switching between SL BWP and UL BWP. On the other hand, if the SCS or locationAndBandwidth of SL BWP are different with UL BWP, UE cannot do UL and SL transmission at the same time, and switching time is needed. 
Observation 3: If the parameters locationAndBandwidth or SCS of SL BWP are different with Uu BWP, switching time is needed for BWP switching between SL BWP and Uu BWP.
Proposal 23: SL BWP should be configured with the same parameter as Uu BWP, including SCS and locationAndBandwidth, to avoid switching time during BWP switching between SL BWP and Uu BWP. 
In RAN1 #95 meeting, the following agreement about BWP was agreed [9]
Agreements:
· BWP is defined for NR sidelink.
· In a licensed carrier, SL BWP is defined separately from BWP for Uu from the specification perspective.
· FFS the relation with Uu BWP.
· The same SL BWP is used for both Tx and Rx.
· Each resource pool is (pre)configured within a SL BWP. 
· Only one SL BWP is (pre)configured for RRC idle or out of coverage NR V2X UEs in a carrier. 
· For RRC connected UEs, only one SL BWP is active in a carrier. No signalling is exchanged in sidelink for activation and deactivation of SL BWP.
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
· Revisit in the next meeting if significant issues are found
· Numerology is a part of SL BWP configuration. 
Note: This does not intend to make restriction in designing the sidelink aspects related to SL BWP.
Note: This does not preclude the possibility where a NR V2X UE uses a Tx RF bandwidth the same as or different than the SL BWP.

The working assumption was confirmed in RAN1 AH#1901 [2]
Agreements:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE

For the RRC idle and out of coverage NR V2X UE in a carrier, only one SL BWP is (pre-)configured. We propose that the SL BWP for RRC idle and out of coverage UEs are same. If not, it is hardly for them to communicate with each other. 
Proposal 24: The same SL BWP is (pre-)configured to RRC idle and out of coverage NR-V2X UEs.
For RRC connected UE, it was also agreed that only one SL BWP is configured in a carrier. We propose that gNB can have the flexibility to configure a different SL BWP compared to (pre-)configured SL BWP for RRC-connected UE to improve resource efficiency. If only one SL BWP is configured, then all of the NR-V2X UE will have the same BWP. The SL BWP configuration has to be limited to the UE who has the least UE capability. For example, if the bandwidth of the carrier is 100MHz, and one UE can only support 10MHz, the SL BWP configuration has to be limit to 10MHz. The rest resource will be wasted. For RRC connected UE, gNB can configure a SL BWP which can have larger bandwidth, such as up to 100MHz. A default resource pool is configured within 10MHz which is used to communicate with other UEs, such as RRC idle UEs. An additional resource pool can be configured within the rest 90MHz bandwidth which can be used for unicast communication with another RRC connected who can also support up to 100MHz bandwidth. 
One illustration is shown in Figure 7. UE1 and UE3 can support 100MHz bandwidth, and UE2 10MHz bandwidth. UE1 transmits unicast data to UE3, and broadcast data to both UE1 and UE2. UE1 and UE3 are RRC connected, UE2 is RRC idle. The SL BWP configuration for UE2 should be limit within 10MHz. While if the same SL BWP is applied to UE1 and UE3, most of the bandwidth cannot be used. gNB can configure larger SL BWP to UE1 and UE3. RP1 is configured within the SL BWP and limit to 10MHz, which is used to do broadcast communication with UE2 and UE3. Another RP2 is configured for UE1 and UE3 to do unicast communication. 
Proposal 25: SL BWP configuration based on UE’s capability for RRC connected UE is supported in NR-V2X. Within the configured SL BWP, a default resource pool which is used to communicate with RRC idle UE or out of coverage UE is configured. 



[bookmark: _Ref16685418]Figure 7 BWP configuration for RRC connected UEs.

Resource pool configuration on SL
1.9 Resource pool configuration granularity in time/frequency domain
It was agreed that the resource pool consists of non-contiguous time resources. The granularity of time domain resource needs FFS [2]. NR-V2X can be deployed on either shared carrier or dedicated carrier. If NR-V2X is deployed on dedicated carrier, the granularity of time domain resource can be based on slot. If NR-V2X is deployed on shared carrier, only partial symbols (such as UL symbols) can be used for SL. Furthermore, network can configure the number of UL symbols that can be used for SL transmission. Considering the flexible slot format of Uu slot, the granularity of resource pool in time domain can be based on symbol level.
Proposal 26: The granularity of resource pool in time domain can be based on slot level if NR-V2X is deployed on dedicated carrier, and symbol level if deployed on shared carrier. 
It was agreed that PSSCH can only be mapped onto contiguous PRBs. While whether the resource pool configuration should be contiguous is FFS. 
In NR-V2X, the resource allocation is more flexible. Considering the following cases, the resource pool in frequency domain can consist of non-continuous PRBs.
· SL is deployed on FR2. The bandwidth of FR2 is very large, for example up to 400 MHz. At a given time the transmission of S-SSB and PSSCH can be FDMed to improve resource efficiency. In that case, the resource pool configuration, which should exclude the resource for S-SSB, can consist of non-continuous PRBs.
· SL is deployed on shared carrier. CP-OFDM is supported in SL and UL which is benefit for flexible resource allocation. If the resource pool is configured on UL symbols and covers the resource which is reserved or allocated for UL, such as for RACH, the resource should be excluded from the resource pool. Then the resource pool will consist of non-continuous PRBs.
One illustration of resource pool configuration is shown as follows. In time domain, the RP including slot n+1 and n+2. In frequency domain, the resource which is used for PSBCH cannot be used for PSSCH mapping. Then the RP configuration in frequency domain will include non-contiguous PRBs. Considering PSSCH can only be mapped to contiguous PRBs, the transmission resource of sub-channel 2 in slot n+2 cannot be used for PSSCH transmission if only one sub-channel is used for PSSCH. If two sub-channels are used for PSSCH, the transmission resource including sub-channel1 and sub-channel 2, and transmission resource including sub-channel 2 and sub-channel 3, cannot be used for PSSCH. 


Figure 8 RP configuration

Proposal 27: Resource pool configuration of NR-V2X can consist of non-contiguous PRBs.
1.10 Resource pool configuration for PSSCH/PSCCH/PSFCH
For PSSCH on dedicated carrier, all of the symbols within the slot can be used for SL transmission. The resource pool configuration in time domain can only indicate the slot information. For example, a bitmap of slot can be used to indicate the slot that is used for PSSCH resource pool. The resource pool configuration in frequency domain can indicate the starting position, and number of PRBs or sub-channels. If there is resource used for other purpose, such as for PSBCH, within the resource pool of PSSCH, these resource will be excluded from the PSSCH resource pool. The sub-channel size of PSSCH resource pool can be (pre-)configured. 
For PSSCH on shared carrier, considering that only part of symbols can be used for SL transmission, an additional parameter, such as number of OFDM symbols used for SL transmission per slot, can be configured for PSSCH resource pool. The OFDM symbols used for SL transmission can be fixed to the last OFDM symbols within a slot. Otherwise, the starting OFDM symbol used for SL transmission within a slot should be configured. If the number of UL symbol of a slot is less than the configured number of OFDM symbols used for SL transmission, the slot is not used for SL transmission. 
Proposal 28: The resource pool configuration of PSSCH should include the following parameters:
· Bitmap of slot: used to indicate the slot that is used for PSSCH resource pool
· Offset indicator: used to indicate the offset of the first slot for PSSCH within a SFN circle
· Starting position in frequency domain;
· Number of sub-channels: to determine the RP size in frequency domain
· Size of sub-channel of PSSCH;
· # of OS used for SL transmission within a slot: used to indicate the number of OFDM symbols used for SL transmission within a slot;
· Starting OS within a slot (optional): used to indicate the first OFDM symbol used for SL transmission within a slot. 

For PSCCH and PSSCH multiplexing option 3, PSCCH is transmitted within the associated PSSCH. If the resource pool for PSSCH is configured, some of the parameters for PSCCH resource pool is determined accordingly, such as the starting symbol and starting position in frequency domain. The number of OFDM symbols used for PSCCH can be configured per resource pool. PSCCH can also be sub-channel based, while the sub-channel size of PSCCH can be different with PSSCH. In that case, the sub-channel size of PSCCH should be configured separately. The number of sub-channels per PSCCH can also be configured. 
Proposal 29: The resource pool configuration of PSCCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSCCH:
· # of OS per PSCCH: used to indicate the number of OFDM symbols per PSCCH
· Number of sub-channels per PSCCH;
· Size of sub-channel of PSCCH;

If SL feedback is enabled, there should be a PSFCH resource pool associated to the PSSCH resource pool. It was agreed that PSFCH can exist in every N slots, where N is 1, 2, or 4. The frequency resource of PSFCH can be associated to PSSCH. For example, the starting position in frequency domain is aligned with associated PSSCH, the length of PSFCH is fixed to 4 PRBs. Then only the resource in time domain should be indicated in PSFCH resource pool configuration. 
The association between PSFCH and the PSSCH transmission within N slots should be deterministic. The association can be implicated determined by the minimal processing capability. For example, if the minimal processing capability of UE is 2 ms, then the PSSCH transmission in slot n corresponds to a PSFCH which is later than slot n+2. In that case, the resource pool configuration cannot include the association between PSSCH and PSFCH. 
Proposal 30: The resource pool configuration of PSFCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSFCH:
· [bookmark: _GoBack]N: used to indicate the period in unit of slots of PSFCH;
· Offset indicator: used to indicate the offset of the first slot for PSFCH within a SFN circle.
1.11 Resource pool configuration for UC/GC/BC
There is PSFCH for unicast and groupcast, while not for broadcast. The SL feedback can be enabled/disabled. If resource pool is configured for unicast, groupcast and broadcast separately, that will cause resource fragment and resource cannot be used efficiently. We propose to use a common resource pool for all kinds of transmissions.
Proposal 31: A common resource pool is used for UC/GC/BC.
1.12 NR-V2X SL deployed on shared carrier
In shared carrier case of LTE-V2X, UL subframe can be used for sidelink transmission. Similarly in NR-V2X, we propose that UL symbol can be used for sidelink transmission. If flexible symbol can be used for SL transmission, the network should promise that the flexible symbols in cell-specific configuration cannot be used for DL transmission. Otherwise, there will be interference between DL and SL transmissions. If flexible symbol in cell-specific configuration cannot be used for SL transmission, the network can change the flexible symbol to either DL or UL by dynamic SFI, which can leave more flexibility for the network’s scheduling for Uu transmission.
Proposal 32: UL symbol is used for SL transmission if NR-V2X is deployed on shared carrier.
Conclusion
In this contribution, the physical layer structures of NR-V2X sidelink are discussed. The following observations and proposals are given to summarize our view.
Observation 1: Long PSFCH is hardly to be used in shard carrier because of flexible number of symbols available for SL.
Observation 2: If long PSFCH is used in shared carrier, lots of specification work is needed.
Observation 3: If the parameters locationAndBandwidth or SCS of SL BWP are different with Uu BWP, switching time is needed for BWP switching between SL BWP and Uu BWP.

Proposal 1: Multiple DMRS patterns of PSSCH in time domain per resource pool are supported.
Proposal 2: DMRS pattern of PSSCH in time domain can be indicated in SCI. 
Proposal 3: DMRS pattern of PSSCH in frequency domain is fixed.
Proposal 4: 
· Rel-15 NR DMRS configuration type 1 is used for NR PSSCH DMRS design. 
· Frequency domain OCC is used to support 2 antenna ports. 
· The first PSSCH DMRS symbol is the 2nd OFDM symbol in a slot. 
Proposal 5: DMRS pattern of PSCCH in time domain can be numerology or resource pool specific.
Proposal 6: Rel-15 NR DMRS of PDCCH can be taken as starting point for NR PSCCH DMRS design.
Proposal 7: 
· One OFDM symbol within a slot is used for CSI-RS
· CSI-RS in time and frequency domain can be (pre-)configured.
Proposal 8: SCI indicates the existence of CSI-RS in the associated PSSCH. 
Proposal 9: PSFCH with X>= 2 is not supported in Rel-16 NR-V2X.
Proposal 10: It supports to carry HARQ feedback in PSSCH in NR-V2X.
Proposal 11: Up to 4 HARQ-ACK bits can be multiplexed into one PSFCH.
Proposal 12: 4 or 6 PRBs are used for PSFCH. 
Proposal 13: For PSCCH:
· PSCCH starts from the 3rd OFDM symbol.
· The number of OFDM symbols is (pre-)configured per resource pool. 
· The frequency starting position is aligned between PSCCH and PSSCH. 
· The sub-channel size of PSCCH can be (pre-)configured and different with sub-channel size of PSSCH.
Proposal 14: 1-stage SCI is supported in Rel-16 NR-V2X.
Proposal 15: SCI contents in Table 1 are used as starting point for further discussion.
Proposal 16: Confirm the working assumption: 
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
Proposal 17 64QAM is supported for NR-V2X. FFS 256QAM.
Proposal 18 PSCCH and PSSCH multiplexing scheme option 1B should be supported in NR-V2X. 
Proposal 19 FDM between PSCCH/PSSCH and short PSFCH is not supported in NR-V2X.
Proposal 20 Comb-like resource mapping is applied to AGC and GP symbol. 
Proposal 21The configuration of SL BWP is independent to DL/UL BWP if NR-V2X SL is deployed on shared carrier. 
Proposal 22 UE is not expected to use different numerology in the configured SL BWP and active DL BWP in the same carrier at a given time
Proposal 23 SL BWP should be configured with the same parameter as Uu BWP, including SCS and locationAndBandwidth, to avoid switching time during BWP switching between SL BWP and Uu BWP. 
Proposal 24 The same SL BWP is (pre-)configured to RRC idle and out of coverage NR-V2X UEs.
Proposal 25 SL BWP configuration based on UE’s capability for RRC connected UE is supported in NR-V2X. Within the configured SL BWP, a default resource pool which is used to communicate with RRC idle UE or out of coverage UE is configured. 
Proposal 26 The granularity of resource pool in time domain can be based on slot level if NR-V2X is deployed on dedicated carrier, and symbol level if deployed on shared carrier. 
Proposal 27: Resource pool configuration of NR-V2X can consist of non-contiguous PRBs.
Proposal 28: The resource pool configuration of PSSCH should include the following parameters:
· Bitmap of slot: used to indicate the slot that is used for PSSCH resource pool
· Offset indicator: used to indicate the offset of the first slot for PSSCH within a SFN circle
· Starting position in frequency domain;
· Number of sub-channels: to determine the RP size in frequency domain
· Size of sub-channel of PSSCH;
· # of OS used for SL transmission within a slot: used to indicate the number of OFDM symbols used for SL transmission within a slot;
· Starting OS within a slot (optional): used to indicate the first OFDM symbol used for SL transmission within a slot. 
Proposal 29: The resource pool configuration of PSCCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSCCH:
· # of OS per PSCCH: used to indicate the number of OFDM symbols per PSCCH
· Number of sub-channels per PSCCH;
· Size of sub-channel of PSCCH;
Proposal 30: The resource pool configuration of PSFCH should be combined with the associated PSSCH resource pool, the following parameters are specifically used for PSFCH:
· N: used to indicate the period in unit of slots of PSFCH;
· Offset indicator: used to indicate the offset of the first slot for PSFCH within a SFN circle.
Proposal 31: A common resource pool is used for UC/GC/BC.
Proposal 32: UL symbol is used for SL transmission if NR-V2X is deployed on shared carrier.
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