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In RAN#83 Plenary, a new WID on 5G V2X with NR sidelink was approved [1]. Regarding physical layer structures in NR V2X, the related objectives are listed as follows:
	· Support of sidelink signals, channels, bandwidth part, and resource pools [RAN1, RAN2]


In this contribution, we provide our views on physical layer structures.
Discussion
BWP and Resource pool 
	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




In RAN1 AdHoc 1901 meeting, it was agreed that configuration signaling for SL BWP is separated from that of Uu BWP. Further agreement was reached that the UE is not expected to use different numerology for configured SL BWP and UL active BWP. The switching time is not desirable between UL active BWP and SL BWP considering latency and reliability requirement of the V2X application and V2X UE cannot send or receive messages during the switching time. The latency involved in the switching time can be avoided by having the numerology of configured SL BWP as same as that of active UL BWP in the same carrier for a UE. 
For UEs in RRC_CONNECTED mode, there is only configured SL BWP in a carrier and there is no separate signalling exchange over SL for the activation or deactivation of a SL BWP. Hence the configured SL BWP always remains active, and there is no possibility to switch from one SL BWP to another SL BWP for aligning with the numerology of current active UL BWP. 
If the active UL BWP has a different numerology than the configured SL BWP’s, then we have several possibilities:
· UE considers this an invalid configuration – triggers Reconfiguration failure procedure as described in chapter 5.3.5.8 of [6]
· The configured SL BWP is considered deactivated and needs to be activated e.g. by sending another RRC reconfiguration when a matching UL BWP is active, or by L1/ L2 signaling
· The UL BWP can be switched to another UL BWP autonomously that has the same numerology as that of configured SL BWP 
· Network can explicitly switch the UL BWP (with the right numerology) to align with the SL BWP being configure

Also, the implications of L1/L2 based UL BWP activation/deactivation needs to be considered. For example for the UE autonomous change of UL BWP for RA, BWP changes due to inactivity timer, DCI based switch, etc. In all these cases, the SL BWP should be considered deactivated, or the numerology switching time when transitioning between UL and SL slots needs to be considered. A companion contribution is submitted in RAN2 [7].
Proposal 1: Switching time for a V2X-UE can be avoided by having same numerology for the SL BWP and UL active BWP. However, UE can have different numerology for active UL BWP and initial UL BWP
Proposal 2: SL BWP for a UE can be deactivated when there is a numerology mismatch between SL BWP and UL BWP. 
· Further, deactivation of SL BWP can be done autonomously by a UE, when a UE receives an uplink grant to switch to one of the configured UL BWP having a different numerology than the numerology associated with the configured SL BWP
· Deactivation of SL BWP means there is no SL communication in a TX/RX pool 

Proposal 3: gNB can also switch the UL BWP to align with the SL BWP numerology 
UE can be configured with either single carrier (SC-FDM) or multi-carrier (OFDM) waveform in uplink, while SL supports only multi-carrier (OFDM) waveform. The waveform could be different between UL BWP and SL BWP even though the numerology such as subcarrier spacing could be same. Hence, whether there is any requirement for any additional switching delay between UL active BWP configured with SC-FDM waveform to SL BWP configured with OFDM waveform in a same carrier was not discussed before.  
Observation 1: UE can be configured with either SC-FDM or OFDM waveform in uplink while SL supports OFDM waveform 
Observation 2: Even though the numerology is same for UL active BWP and SL BWP, the waveform could be different 
Proposal 4: Any additional switching delay requirement between UL active BWP configured with SC-FDM waveform to SL BWP configured with OFDM waveform in a same carrier was not discussed before 
· If there is any switching delay required for the above purpose, UE behavior should be similar to numerology mismatch between UL BWP and SL BWP

SL BWP is configured with multiple TX/RX resource pool(s) and incase of in-coverage UEs these resource pool configuration is part of system information broadcast while it is (pre)configured for out-of-coverage UEs. V2X UEs should communicate both with in-coverage, partial coverage and out of coverage UEs, even V2X UEs part of different MNOs should be able to transmit and receive each other messages, if the resource pool(s) related information is not exchanged via inter-operator interface. To facilitate communication between in-coverage and out-of-coverage UEs, and UEs belonging to different MNOs, one of the in-coverage resource pool configuration such as sub-channel size, start of SL symbol in a slot, configuration related to 1st stage SCI can be part of PSBCH.  
Proposal 5: One of the in-coverage TX/RX pool configuration (for e.g., sub-channel size, start of SL symbol in a slot, configuration related to 1st stage SCI) is part of PSBCH to facilitate communication between in-coverage and out of coverage V2X UEs

Two Stage SCI Design
    Following RAN1 agreements are reached to a
Agreements:
· Each resource pool is only configured with one 1st stage SCI PSCCH format
Agreements:
· PSCCH for 1st stage SCI with 2 and 3 symbols is supported in Rel-16. 
· FFS: other length(s) of symbols (e.g., all symbols)
· The number of symbols above excludes AGC symbols if any
· The number of PSCCH symbols is explicitly (pre-)configured per Tx/Rx resource pool
Agreements:
· The 2nd stage SCI is carried within the resource of the corresponding PSSCH.
· Scrambling operation for the 2nd stage SCI is applied separately with PSSCH
Agreements:
· Support 1st stage SCI in PSCCH in one subchannel only. 
· Within one subchannel, there is at most one 1st stage SCI, except for spatial re-use
· For RE mapping of the 2nd stage SCI, frequency-first mapping within the PSSCH is used. To down-select:
· Alt 1. The REs for the 2nd SCI are not interlaced with (localized in) PSSCH data RE.
· Alt 1-1. only RBs in the subchannel having the corresponding 1st stage SCI can be possibly used for mapping the 2nd stage SCI
· Alt 1-2. only RBs in the all sub-channels for the scheduled PSSCH can be possibly used for mapping the 2nd stage SCI.
· Alt 2. The REs for the 2nd stage SCI can be interlaced with (distributed in) PSSCH data RE.
· Whether to allow mapping with the same symbol of PSSCH DMRS
· For modulation order of the 2nd stage SCI, to down-select:
· Alt 1. Fixed as QPSK
· Alt 2. Same as PSSCH
· The same PSSCH DM-RS port(s) is used for transmitting the 2nd stage SCI.
· When PSSCH is 2-layer, FFS how to map the 2nd stage SCI modulation symbols to the two layers, to down-select:
· Alt 1: when PSSCH is 2-layer, the same modulation symbol of the 2nd stage SCI is mapped to the two layers
· Alt 2: when PSSCH is 2-layer, different modulation symbols of the 2nd stage SCI are mapped to the two layers
· A combination thereof

Configuration of 1st stage SCI: TX/RX pool(s) are configured in a cell to meet various reliability requirements and the decoding reliability of the 1st stage SCI carried via PSCCH should meet the reliability requirement of the PSSCH transmission. Hence the aggregation level of the 1st stage SCI and other related parameters like start symbol of 1st stage SCI, number of symbols of the 1st stage SCI in a slot, number of RBs of 1st stage SCI, repetition number of 1st stage SCI in a slot within the allocated PSSCH symbols should be (pre)configured per TX/RX pool. RX-UE could avoid blind decoding on the 1st stage SCI in a slot. 
Proposal 6: Associate reliability of 1st stage SCI decoding with that of TX/RX Pool priority. Hence, Aggregation level of 1st stage SCI and other related parameters such as PSCCH start symbol, number of PSCCH symbol in a slot, number of RBs for 1st stage SCI and repetition of 1st stage SCI within the configured PSCCH symbols in a slot should be (pre)configured based on the TX/RX pool priority 

Design of two stage SCI should further discuss the following things: configuration for the second stage SCI, SCI contents in each stage, UE behavior.
Configuration of 2nd stage SCI: 
The 2nd SCI is transmitted with PSCCH and can occupy PSSCH resources and the starting symbol of 2nd SCI is after the end of transmission of the 1st SCI. When a 2nd SCI is transmitted piggybacking with PSSCH, then the SCI can be decoded only after decoding PSSCH and some way incur additional processing latency due to PSSCH decoding and not desirable considering low latency V2X communication. Moreover, in this case, puncturing of PSSCH to accommodate SCI also depends on the aggregation level of second stage SCI and for higher aggregation levels, more PSSCH resources needs to be punctured
The REs mapping of the 2nd SCI should be localized and should not be interleaved with that of PSSCH. The number of repetition of 2nd SCI in a slot should be (pre)configured based on the TX/RX priority or signaled in the 1st SCI. 
Proposal 7: Support 2nd SCI transmission with PSCCH and the REs of 2nd SCI should not be interleaved with PSSCH
· Repetition of 2nd SCI in a slot should either be (pre)configured with the TX/RX pool priority or signaled in the 1st SCI
· Aggregation level of 2nd SCI is signaled within the content of the 1st SCI
· QPSK modulation is supported for 2nd SCI
· All RBs in all sub-channel used by PSSCH should be allowed to be used to map 2nd SCI

When PSSCH for a TX-UE is enabled with two layer transmission and in the first alternative, a TX-UE maps the same modulation symbols of 2nd SCI in all supported layer(s) of a UE, reliability is enhanced due to transmit diversity transmission scheme. 
In the second alternative, when different modulation symbols of 2nd SCI in all supported layer(s) of a UE, throughput of 2nd SCI is enhanced and occupies less RBs. 
Third, the 2nd SCI can be spatially multiplexed with PSSCH in the overlapped portion, for example, the 2nd SCI payload is mapped in one layer and PSSCH data is mapped in another layer. The 2nd SCI payload that is mapped in one layer could also be repeatedly transmitted in that layer for reliability purpose. In the non-overlapped symbols in a slot, PSSCH is transmitted with two layers.
The mapping method to be used for 2nd SCI and PSSCH data transmission could be dynamically signaled in the 1st SCI or (pre) configured per TX/RX pool.  

Proposal 8: When PSSCH for a TX-UE is enabled with two layer transmission, support spatial multiplexing of 2nd SCI and PSSCH, where 2nd SCI payload is mapped in one layer and PSSCH data in another layer 
· Support all alternatives in R-16
· Mapping method of 2nd SCI (pre)-configured based on the TX/RX pool in R-16

SCI contents in each stage:
The first stage includes information related to sensing operation which includes occupied resource block for data, occupied resource block for second PSCCH (if it is not semi-statically configured), NDI, RV, HARQ process number, source id, destination id etc. The content of the second stage SCI vary for different cast type. Field such as MCS for transport blocks or delta MCS, S-CSI request, feedback related information, TX zone id, TX-RX distance for NACK feedback etc. 
SCI content for the group-cast transmission might be varying depending on whether SL-HARQ feedback is enabled or disabled and hence the SCI size of the groupcast without HARQ should be same or not should be further discussed during the meeting. 
Proposal 9:  Support multiple SCI format for the 2nd SCI based on the cast type
· 2nd SCI is required for unicast and groupcast and depends on the 1st SCI content for the broadcast 
· 2nd SCI is not required to be transmitted for CG

UE behavior: 
The absence of 2nd SCI does not require explicit signaling in the 1st SCI and could be indicated with an invalid T/F assignment in the 1st SCI content. UE behavior (RX) related to the 2-stage SCI should also be discussed in the RAN-1 meeting. RX UE is not expected to decode the transport block of PSSCH if the 1st stage SCI indicates the presence of 2nd SCI but when the RX UE fails to decode the 2nd SCI. 
Secondly for the above case, RX UE is also not expected to apply previously decoded or stored configuration of second stage SCI to decode the transport block of PSSCH. Applying a wrong second stage SCI for data decoding results in soft buffer corruption and hence to avoid it the UE should not decode a TB where it fails to decode 2nd SCI. However, RX UE could feedback NACK in SL-HARQ feedback to request the transmission of 2nd SCI again.
Proposal 10:  Absence of 2nd SCI is indicated with an invalid T/F assignment in the 1st SCI content
· UE should not decode PSSCH if the 2nd SCI’s presence is indicated in the 1st SCI while the UE did not decode 2nd SCI. 
· UE could feedback NACK in the SL-HARQ feedback if the 2nd SCI is not decoded 

Further optimization:
Different periodicity for transmitting 2nd SCI can also be considered based on the cast type and SCI contents, for example, the second stage SCI can be transmitted less often for unicast traffic because the channel condition does not change so quickly. For such case, 2nd SCI need not be transmitted in all time slot along with 1st SCI as a spectral efficiency optimization. 2nd SCI can be transmitted only when there is any change in the 2nd SCI content, and the UE could still decode PSSCH based on the previously received and stored second stage SCI content. 
Based on this, a modification period or periodicity can be configured for a TX/RX Pool or in the 1st SCI and the 2nd SCI is transmitted only after the expiry of the modification period. The absence of 2nd SCI does not require explicit signaling and could be indicated with an invalid resource block assignment in the 1st SCI content. 
Proposal 11: Support different periodicity or modification period for the 2nd SCI based on the cast type and content as part of spectral efficiency optimization

Soft buffer handling
For NR Mode 1 and Mode 2 operations, gNB or TX UE may or may not provide further re-transmission resource based on the remaining latency requirement and if necessary, an upper limit is defined for the time a soft buffer/HARQ process is used for the decoding of a SL TB. An explicit indicator in the SCI contains some information which is used by the receiver UE for the soft buffer management, i.e. based on the signaling information the receiver UE can replace the data stored in a soft buffer and use it for some other SL transmission. Such information may be the maximum decoding time of a TB or information about the last HARQ transmission of a TB. 
Proposal 12:  SCI contains information for RX UE soft buffer management  

DMRS Configuration 
In RAN1#97 meeting, the agreement on DMRS related design was achieved:
	Agreements:
· (Pre-)configuration of one or more PSSCH DMRS pattern(s) in time domain per a resource pool is supported.
· Exact DMRS pattern is indicated by SCI
· FFS details, including whether or not to have the indication bit in case of one (pre)configured DMRS pattern
· For Mode 2, DMRS pattern is chosen by the transmitter UE from the (pre)configured patterns for the resource pool.
· FFS: case for Mode 1
· FFS: whether/how to use restrictions for choice of DMRS pattern 
· FFS on details on time-domain pattern
· FFS the number of possible DMRS patterns
· Note: it is not intended to specify DM-RS based resource pool selection 



For above agreement, one or more PSSCH DMRS pattern(s) will be (pre)configured for SL transmission. When a TX UE performs a transmission on SL, it has to determine which DMRS pattern is used and indicate the used pattern in SCI for RX UE decoding. For mode 2, the used DMRS pattern can be determined by TX UE from the (pre)configured patterns. For mode 1, the used DMRS pattern may need to be determined by gNB, and gNB further indicates the determined pattern in DCI to TX UE. If the used DMRS pattern determined by TX UE in mode 1, for a gNB scheduled SL transmission, there may have mismatch between gNB scheduled SL resource and TX UE actually used SL resource. For example, gNB may allocate the SL resource by considering to use two columns of DMRS, but TX UE may select four columns of DMRS based on its implementation. TX UE has to increase the coding rate of transmission data especially for urgent traffic. Because there is no time to wait for the other scheduling grant for residual data. It may increase the error rate of the transmission. In addition, TX UE and RX UE may report their geographic information (e.g., position, speed, and direction) to gNB. gNB can calculate the relative speed between TX UE and RX UE well and then determine the appropriate DMRS pattern for SL transmission. It is better than TX UE to determine DMRS pattern based on its own information.
Proposal 13:  gNB indicates DMRS pattern to TX UE for SL transmission.

Conclusion
In this contribution, we focus on sidelink physical layer structures in NR V2X and present our views. We have the following observation and proposals:
Proposal 1: Switching time for a V2X-UE can be avoided by having same numerology for the SL BWP and UL active BWP. However, UE can have different numerology for active UL BWP and initial UL BWP
Proposal 2: SL BWP for a UE can be deactivated when there is a numerology mismatch between SL BWP and UL BWP. 
· Further, deactivation of SL BWP can be done autonomously by a UE, when a UE receives an uplink grant to switch to one of the configured UL BWP having a different numerology than the numerology associated with the configured SL BWP
· Deactivation of SL BWP means there is no SL communication in a TX/RX pool 

Proposal 3: gNB can also switch the UL BWP to align with the SL BWP numerology 
Observation 1: UE can be configured with either SC-FDM or OFDM waveform in uplink while SL supports OFDM waveform 
Observation 2: Even though the numerology is same for UL active BWP and SL BWP, the waveform could be different 
Proposal 4: Any additional switching delay requirement between UL active BWP configured with SC-FDM waveform to SL BWP configured with OFDM waveform in a same carrier was not discussed before 
· If there is any switching delay required for the above purpose, UE behavior should be similar to numerology mismatch between UL BWP and SL BWP

Proposal 5: One of the in-coverage TX/RX pool configuration (for e.g., sub-channel size, start of SL symbol in a slot, configuration related to 1st stage SCI) is part of PSBCH to facilitate communication between in-coverage and out of coverage V2X UEs
Proposal 6: Associate reliability of 1st stage SCI decoding with that of TX/RX Pool priority. Hence, Aggregation level of 1st stage SCI and other related parameters such as PSCCH start symbol, number of PSCCH symbol in a slot, number of RBs for 1st stage SCI and repetition of 1st stage SCI within the configured PSCCH symbols in a slot should be (pre)configured based on the TX/RX pool priority 
Proposal 7: Support 2nd SCI transmission with PSCCH and the REs of 2nd SCI should not be interleaved with PSSCH
· Repetition of 2nd SCI in a slot should either be (pre)configured with the TX/RX pool priority or signaled in the 1st SCI
· Aggregation level of 2nd SCI is signaled within the content of the 1st SCI
· QPSK modulation is supported for 2nd SCI
· All RBs in all sub-channel used by PSSCH should be allowed to be used to map 2nd SCI

Proposal 8: When PSSCH for a TX-UE is enabled with two layer transmission, support spatial multiplexing of 2nd SCI and PSSCH, where 2nd SCI payload is mapped in one layer and PSSCH data in another layer 
· Support all alternatives in R-16
· Mapping method of 2nd SCI (pre)-configured based on the TX/RX pool in R-16

Proposal 9:  Support multiple SCI format for the 2nd SCI based on the cast type
· 2nd SCI is required for unicast and groupcast and depends on the 1st SCI content for the broadcast 
· 2nd SCI is not required to be transmitted for CG

Proposal 10:  Absence of 2nd SCI is indicated with an invalid T/F assignment in the 1st SCI content
· UE should not decode PSSCH if the 2nd SCI’s presence is indicated in the 1st SCI while the UE did not decode 2nd SCI. 
· [bookmark: _GoBack]UE could feedback NACK in the SL-HARQ feedback if the 2nd SCI is not decoded 

Proposal 11: Support different periodicity or modification period for the 2nd SCI based on the cast type and content as part of spectral efficiency optimization
Proposal 12:  SCI contains information for RX UE soft buffer management  
Proposal 13:  gNB indicates DMRS pattern to TX UE for SL transmission
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Annexure
From the email discussion on the PSCCH bit field for purpose of PSCCH design, the following bit fields can be considered. 
	　
	　
	　
	only for 2-stage SCI
	　

	Bit field
	candidate size
	unicast
	groupcast
	Broadcast
	1st SCI
	2nd SCI
	Note for Need to agree

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

	NDI
	1
	O
	O
	　
	　
	O
	agreed in RAN1-#AH1901

	RV
	2
	O
	O
	　
	　
	O
	agreed in RAN1-#AH1901

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

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

	MCS
	[5]
	O
	O
	O
	O
	　
	needed

	CRC
	24
	O
	O
	O
	O
	O
	needed

	Priority (QoS)
	3
	O
	O
	O
	O
	　
	seems needed

	CSI request
	[1]
	O
	　
	　
	　
	O
	use case agreed only for unicast

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

	DMRS sequence initialization
	[1]
	O
	[O]
	[O]
	[O]
	[O]
	whether to support dynamic changes of DRMS sequence initialization
- may be not needed for V2X

	PTRS-DMRS association
	[1-2]
	O
	[O]
	[O]
	[O]
	[O]
	whether to support PTRS-DMRS association
- may be not needed for V2X

	CBGTI
	[1-4]
	O
	O
	　
	　
	O
	whether to support CBG or not

	resource reservation
	[4]
	O
	O
	O
	O
	　
	in AI of resource allocation 

	Time gap between initial transmission and retransmission 
	[4]
	O
	O
	O
	O
	　
	in AI of resource allocation 

	Retransmission index
	1
	O
	O
	O
	O
	　
	in AI of resource allocation 

	Transmission format /cast type indicator
	[1-2]
	O
	O
	O
	O
	　
	need to discuss

	Zone ID
	[10]
	　
	O
	　
	　
	O
	in AI of procedure

	NACK distance
	[5]
	　
	O
	　
	　
	O
	in AI of procedure

	HARQ feedback indication for enabling
	[1]
	O
	O
	　
	　
	O
	in AI of procedure

	time-domain resource assignment for scheduling PSSCH
	[3]
	O
	O
	　
	　
	O
	whether to support multi-slot scheduling/slot aggregation

	second SCI indication
	[2-4]
	　
	　
	　
	O
	　
	only for 2-stage SCI

	RS pattern
	[2]
	O
	O
	O
	O
	　
	whether to support dynamic indication of RS pattern


Table 1: SCI Content discussion
