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Introduction  
In RAN1#96bis, there was intensive discussion on the physical layer structure for NR V2X as seen following agreements [1]:
Agreements:
· Polar code adopted for Rel-15 NR DCI is applied to PSCCH.
· LDPC codes used for Rel-15 NR DL-SCH is applied to a transport block delivered by PSSCH.
Agreements:
· The starting symbol and the number of symbols for a PSCCH are assumed to be known to the receiving UE before decoding the PSCCH.
Agreements:
· For the purpose of evaluation of PSCCH design, RAN1 assumes 60 bits, 90 bits, 120 bits as the total SCI sizes including 24 bits CRC.
· [bookmark: _GoBack]Other sizes are not precluded.
Agreements:
· QPSK is used for PSCCH.

Working assumption:
· Transmission of 1 TB with up to 2 layers in a PSSCH is supported.
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
In this contribution, we will further discuss about the relevant issues of physical layer structure, and provide our proposals and views.
Sidelink BWP
It was agreed in RAN1#AH1901 on SL BWP as following:
	Agreements:
· Confirm the working assumption
· Working assumption: only one SL BWP is configured in a carrier for a NR V2X UE
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



The switching latency between SL BWP and Uu BWP has been discussed in RAN1 and studied in RAN4 as well. In our view, it is desirable that the switching latency between SL BWP and Uu BWP should be avoided so that the resource utilization is increased as much as possible. Therefore, it can be assumed that a UE needs to be implemented by considering a constant RF reception and transmission bandwidth over two BWPs.
Proposal 1:	A UE assumes that there is no switching latency between SL BWP and Uu BWP in a same carrier at a given time




[bookmark: _Ref1059673]Figure 1. Potential different numerology between initial Uu BWP and SL-BWP

Given that there is only one SL BWP configuration in a carrier, which is separate from Uu BWP configuration signalling, and a UE is not expected to use different numerology between the configured SL BWP and an active UL BWP in the same carrier at a given time, a network should ensure to align a single numerology between the active Uu BWP(s) and SL configured BWP in a carrier for a UE located within a network coverage. For RRC CONNECTED UE, the numerology alignment may be of course possible by a dedicated RRC signalling signalled by the network, while for other mode UEs which has no RRC connection (e.g. IDLE/INACTIVE UE), it can be very challenge, since the configurations of initial Uu BWP which are cell-specific RRC parameters are primarily used for initial access purpose such as RACH procedure, which are totally independent operations from SL BWP configurations. If the numerology of initial active BWP configured by cell-specific signalling is imposed to be same as that of SL-BWP in the network, it will negatively impact NR system performance, coverage, etc. especially for NR UEs which are not associated with V2X operation. Moreover, there might be similar situations and limitations even for RRC CONNECTED UEs due to BWP switching via either DCI/timer or RRC signalling even though the network can try to configure it to be same.
There is an example about the potential different numerology issue in Figure 1. In this example, a UE in RRC CONNECTED mode is configured with both two Uu BWP configurations and one SL BWP configuration. If a NR V2X UE wants to become the RRC CONNECTED mode, the NR V2X UE should get the initial Uu BWP configuration provided by system information (i.e. SIB1) providing cell-specific RRC parameters but, as discussed the gNB may not easily control the numerology of SL BWP to be aligned with initial active BWP or vice versa, because the numerology of initial active BWP and SL BWP is independently configured with different purposes and use cases. So, it is not reasonable to limit the flexibility of numerology configuration for either initial Uu BWP or SL BWP. 
To address this issue, there can be two ways. One can be that the NR V2X UE assumes that SL TX/RX operation is deactivated when it switches to the initial Uu BWP of which numerology is different from SL BWP. The other way is that in order to avoid the time gap for the deactivation of SL TX/RX, the network can provide V2X UEs with an additional initial UL BWP configuration only for V2X UEs via system information, which contains at least same numerology as that of SL BWP. That is, NR V2X UE specific initial UL BWP can be newly defined for further flexibility and less V2X performance degradation at least during initial access phase due to potential numerology conflict. 
Proposal 2:	Consider following two options for the issue related to potential different numerology between initial Uu BWP and SL BWP in a same carrier:
· Option 1) NR V2X UE assumes that SL TX/RX operation is deactivated when it switches to initial Uu BWP of which numerology is different from SL BWP
· Option 2) Introduce additional initial UL BWP only for NR V2X UE which can provide NR V2X UE with the aligned numerology with that of SL BWP, in order to avoid the time gap for the deactivation of SL Tx/Rx 

Resource pool
Regarding resource pool, it was discussed and there are some related agreements including following one made in RAN1#96 [5]. In time domain resource granularity of resource pool, it is supported to use both slot-level and symbol level resource pool configurations which may be depending on the frequency bands (e.g. ITS band). For further details, it should be discussed whether or not to use only UL symbols for SL configured by cell-specific higher layer signalling or FL (flexible) symbols for NR SL on top of UL symbols. Given that in Rel-15 NR Uu the dynamic signalling for indicating the slot format can be provided to UEs by a network, which can override that of semi-static signalling, NR SL symbol indication should consider that kind of dynamic nature at least when NR Uu and NR SL are shared in a same carrier if FL symbols is also necessary for NR SL. Therefore, further discussion is needed especially for this issue related to the FL symbols
Agreements:
· For the operation regarding PSSCH, a UE performs either transmission or reception in a slot on a carrier.
· NR sidelink supports for a UE:
· A case where all the symbols in a slot are available for sidelink.
· Another case where only a subset of consecutive symbols in a slot is available for sidelink
· Note: this case is not intended to be used for the ITS spectra, if there is no forward-compatibility issue. Finalize in the WI phase whether there is such an issue or not
· The subset is NOT dynamically indicated to the UE
· FFS the supported slot configuration(s)
· FFS whether/how to operate it in partial coverage scenarios

For frequency domain resource of resource pool, there are two options 1) contiguous PRBs and 2) non-contiguous PRBs. In our view, option 1) contiguous PRBs basically can be preferred since it would allow the simple specification works and flexible/simple resource and interference coordination between NR SL and NR Uu or NR SL resource pools, and there would be no resource fragmentation and better coverage via contiguous PRB allocation. Moreover, if non-contiguous PRB resource in frequency domain is needed to be configured for a UE, then multiple resource pool configurations could be provided to the UE. Therefore, we think contiguous PRB of resource pool seems be enough for the NR V2X resource pool configuration in frequency domain.
Proposal 3:	It is preferred to adopt the resource pool consisting of contiguous PRBs in frequency domain.

In LTE V2X, following steps for resource pool indications are specified.
· 1st step: Among 10240ms, (10240-d1-d2) subframes are calculated.
· d1: # of subframes for synchronizations
· d2: # of downlink subframe and special subframe in TDD (d2=0 for FDD)
· 2nd step: By d3=(10240-d1-d2)mod Lbitmap, (10240-d1-d2-d3) subframes are calculated.
· Lbitmap: length of indicated bit-map (e.g., 100)
· d3: # of reserved subframes from that (10240-d1-d2-d3) are divided by Lbitmap
· 3th step: Apply indicated length Lbitmap bit-map to (10240-d1-d2-d3) subframes
· the indicated length Lbitmap bit-map is exactly applied by [(10240-d1-d2-d3)/ Lbitmap]times
· corresponded subframe(1ms) having bit-value 1 belongs to resource pool 
In NR V2X, similar to d1, possible time-domain resources for SSBs are not considered for bit-map indication. Furthermore as seen in Figure 2, d3 is not needed if resource pool period(P) is the same or multiple value of SSB period, because 10240ms can be divided by SSB period.
[image: ]
[bookmark: _Ref4835186]Figure 2. Candidates of resource pool to apply bit-map indication
For the candidates of resource pool as seen in Figure 2, the bit-map indication can be applied. But in this step, slots and/or symbols not used for uplink(similar to d2) is not considered before applying the bit-map indication. However, these could be well coordinated by next step if corresponded time resource unit of each bit in the bit-map is Ams (which corresponds to dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigurationCommon), e.g., A=0.625, 1.25 or 2.5.
As seen in Figure 3, it is indicated by the bit-map whether each of Ams time resource unit corresponds to dl-UL-TransmissionPeriodicity can belong to resource pool or not. As the next step, within a each of the Ams time resource unit, symbol-level resource pool indication could be further applied.
[image: ]
[bookmark: _Ref4835275]Figure 3. Example of resource pool indication with A ms-level bit-map
Proposal 4:	Ams-level bit-map could be considered for resource pool indication.
- Ams corresponds to dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigurationCommon, e.g., A=0.625, 1.25 or 2.5.

PSCCH / PSSCH multiplexing
[image: ]
Figure 4. Options of the PSCCH / PSSCH multiplexing
It was agreed as a working assumption that PSCCH/PSSCH multiplexing with option 3 among the multiplexing options in above figure is at least supported for CP-OFDM as seen in below [2].
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 main motivation to support option 3 is to achieve the highest resource utilization between TDM options and the lower latency than FDM (option 2), while option 1B may possibly require a transient period if there is a large power imbalance between PSCCH and PSSCH, because option 1B has a different resource utilization than other options. It was finally agreed in last RAN1 meeting to send a LS to RAN4 to ask the need of the transient period in the above-mentioned options and are waiting for their response [3].
One of remaining questions is whether to additionally support the other options on top of option 3. It has been concerned the PSCCH coverage in option 3 as a possible drawback, since in the extreme cases, the PSCCH coverage may not be enough for NR SL communication. However, it can be compensated by PSCCH power boosting and proper power control mechanism to be defined for NR V2X, while one of the other options (e.g. option 2) can be considered if above approach is not feasible for the reliable PSCCH coverage. Thus, it seems option 3 is currently sufficient to support the variable NR V2X use cases.
Regarding starting symbol of PSCCH and the associated PSSCH, it is related to the PSCCH monitoring occasion and slot/non-slot structure to be used for NR V2X, based on PSCCH/PSSCH multiplexing scheme. In order to reduce UE blind decoding efforts of PSCCH reception in time domain, the candidate starting symbols of PSCCH should be known by a receiving UE. One possible way is to configure the PSCCH monitoring occasion and a slot format during a session/RRC configuration establishment in case of unicast/groupcast, and for the other cases (e.g. broadcast), can be pre-defined or pre-configured if there is no the configuration. This kind of configuration can be associated with a resource pool.
Proposal 5:	Support option 3 only on PSCCH/PSSCH multiplexing
PSFCH format stucture for HARQ-ACK feedback
In last RAN1 meetings, following agreements were made:
RAN1#94bis
Agreements:
Sidelink control information (SCI) is defined.
SCI is transmitted in PSCCH.
SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.
NDI, if defined, is a part of SCI.
Sidelink feedback control information (SFCI) is defined.
SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.
FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.
FFS how to include other feedback information (if supported) in SFCI.
FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink
RAN1#95
Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.
RAN1#AH1901
Agreements:
· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1
RAN1#96
Agreements:
· At least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot.
Since it was agreed to define PSFCH to convey SFCI for both unicast and groupcast, RAN1 should discuss the details on PSFCH format. Also, in RAN#83, it was agreed that SL-CSI is only delivered using PSSCH using the resource allocation procedure for data transmission. Given that PSFCH can only contain HARQ-ACK feedback, we can focus PSFCH format design by considering the number of HARQ-ACK information bits to be decided by the use cases. 
There can be a PSFCH structure design that it is to modify one or some of NR PUCCH formats(e.g. NR PUCCH format 0/1 or 2), because it has been agreed that HARQ-ACK feedback is delivered by at least PSFCH (and possibly PSSCH as well), while SL CSI feedback is only delivered by PSSCH according to NR V2X WID [1]. Accordingly, it is good starting point to modify the existing NR PUCCH format 0/1 that is targeting to send < 2bit HARQ-ACK information. Same channel coding scheme as NR PUCCH format 0/1 can be fully reused due to same number of feedback information bits. Also, the multiplexing capacity is much higher than other options which may rely on NR shared channel design for higher data rate. In addition, it could be well justified for HARQ-ACK feedback transmission for a groupcast transmission because Tx UE may be able to identify which Rx UE fails to decode the data/control by using same time/frequency resources for PSFCH transmission among Rx UEs, which would allow the Tx UE to identify a certain Rx UE related to the reception of HARQ-ACK feedback among Rx UEs and thus provide better link performance. Furthermore, depending on the how many HARQ-ACK feedback information size are supported for NR V2X, it could be decided whether or not to specify more than one PSFCH format such as PSFCH format 0 (1 or 2bits) and PSFCH format 1 (>2bits). We think it is beneficial to provide flexible HARQ-ACK feedback timing based on the associated PSSCH(s) and HARQ-ACK codebook size determination to V2X UE by introducing at least two PSFCH formats, because NR V2X UE may need to send HARQ-ACK information associated with either a PSSCH or multiple PSSCH, considering various V2X service requirements, use cases and so on. 
Therefore, as in NR Uu, if at least two PSFCH formats are introduced. In case of smaller number of HARQ-ACK bits (e.g. ), NR PUCCH format 0 or 1 can be good starting point for one PSFCH format while for larger number of HARQ-ACK bits (e.g. ), either NR PUCCH format 2 based or PSSCH-based can be considered. Thus, RAN1 needs to consider both options for further comparison when PSFCH details is discussed.
Observation 1:	For PSFCH formats, it is required to support at least two PSFCH formats to contain the variable HARQ-ACK information sizes.
Proposal 6:	For smaller number of HARQ-ACK bits (e.g. ), NR PUCCH format 0 or 1 is a good starting point for PSFCH format design. For larger number of HARQ-ACK bits (e.g. ), NR PUCCH format 2 or PSSCH is a good starting point.
DMRS design for PSCCH/PSSCH
DMRS design is currently discussing taking into account the range of waveform, SCS, channel type, etc. for NR V2X. For PSCCH/PSSCH DMRS design, following multiplexing options can be considered as a starting point as shown in Figure 5.
[image: 그림X]
[bookmark: _Ref534994177][bookmark: _Ref534994173]Figure 5. multiplexing of PSCCH and PSSCH in NR V2X
Particularly for Option 3 that was at this time agreed at least for CP-OFDM, two types of DMRS allocation for PSCCH and PSSCH could be considered as seen in Figure 6.
· Type 1: Separated DMRS design for PSCCH/PSSCH
· PSCCH: demodulated with PSCCH DMRS, PSSCH: demodulated with PSSCH DMRS
· Type 2: Common DMRS design for PSCCH/PSSCH
· PSCCH: demodulated with PSCCH DMRS, PSSCH: demodulated with PSCCH DMRS & PSSCH DMRS
[image: 그림Y]
[bookmark: _Ref534994295]Figure 6. Two types of DMRS allocation for PSCCH and PSSCH in Option3 in Figure 5
Type 2 (Common DMRS could have several benefits. For example, 1) possibility of faster demodulation of PSSCH (from first symbol), 2) possibility of less PSSCH DMRS resources (by using PSCCH DMRS resources), 3) possibility of efficient resource allocation in non-slot based allocation.
For this, common DMRS sequence mapping (to all allocated PRBs of PSCCH and PSSCH in a symbol) and common(or similar) DMRS pattern design for PSCCH DMRS and PSSCH DMRS should be further studied.
Proposal 7:	Common design for PSCCH DMRS and PSSCH DMRS should be further studied
AGC and Tx-Rx switching 
In last RAN1 meeting, there are some proposals to be more efficient resource utilization for the AGC and Tx-Rx switching time assuming that AGC and Tx-Rx switching time can be much less than one symbol depending on SCS. To get more clear assumption, RAN1 sent LS to ask it. In response LS from RAN4, following answer for the questions from RAN1 has been provided especially for the AGC and Tx/Rx switching time [4].
· AGC settling time
· At least AGC settling time = 1 OFDM symbol for 15 kHz SCS is feasible. 
· RAN4 will further study if smaller AGC time is achievable incl. 15 kHz SCS.
· TX/RX switching time
· FR1: 13 us
· FR2: 7us 
Considering above response, it seems RAN4 needs also some more time to conclude the required AGC settling time depending on numerology. Thus, RAN1 needs to wait for RAN4 conclusion on AGC settling time.
Regarding potential solution for overhead reduction if smaller AGC time is assumed than 1 OFDM symbol, there are some proposals as followings:
- option 1. AGC/data and Tx-Rx switching/data in two OFDM symbols, respectively
- option 2. Merging AGC/Tx-Rx switching in one OFDM symbol 
- option 3. Switching between option 1 or 2 and LTE-V2X way (i.e. first symbol for AGC and last symbol for Tx-Rx switching, depending on SCS
Basically, option 1 may result in potential performance impacts from smaller number of data/control REs in the OFDM symbol due to either AGC or Tx-Rx switching, and additional specification and implementation efforts may be foreseen in order to handle the different OFDM symbol structure (e.g. comb type) over general OFDM symbol in terms of Physical channel/RS design, etc. So, it is preferred to use one symbol entirely for AGC and Tx-Rx switching like option 2 or LTE-V2X-like.
Proposal 8:	It can be considered to adopt either merging AGC and Tx-Rx switching in one OFDM symbol or LTE-V2X-like way
Conclusion
This contribution discusses the synchronization mechanism for NR V2X and makes the following proposal: 
Proposal 1:	UE assumes that there is no switching latency between SL BWP and Uu BWP in a same carrier at a given time
Proposal 2:	Consider following two options for the issue related to potential different numerology between initial Uu BWP and SL BWP in a same carrier:
· Option 1) NR V2X UE assumes that SL TX/RX operation is deactivated when it switches to initial Uu BWP of which numerology is different from SL BWP
· Option 2) Introduce additional initial UL BWP only for NR V2X UE which can provide NR V2X UE with the aligned numerology with that of SL BWP, in order to avoid the time gap for the deactivation of SL Tx/Rx 
Proposal 3:	It is preferred to adopt the resource pool consisting of contiguous PRBs in frequency domain.
Proposal 4:	Ams-level bit-map could be considered for resource pool indication.
- Ams corresponds to dl-UL-TransmissionPeriodicity in TDD-UL-DL-ConfigurationCommon, e.g., A=0.625, 1.25 or 2.5.
Proposal 5:	Support option 3 only on PSCCH/PSSCH multiplexing
Observation 1:	For PSFCH formats, it is required to support at least two PSFCH formats to contain the variable HARQ-ACK information sizes.
Proposal 6:	For smaller number of HARQ-ACK bits (e.g. ), NR PUCCH format 0 or 1 is a good starting point for PSFCH format design. For larger number of HARQ-ACK bits (e.g. ), NR PUCCH format 2 or PSSCH is a good starting point.
Proposal 7:	Common design for PSCCH DMRS and PSSCH DMRS should be further studied
Proposal 8:	It can be considered to adopt either merging AGC and Tx-Rx switching in one OFDM symbol or LTE-V2X-like way
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