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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 previous meetings, several aspects related to NR sidelink physical layer structure were discussed and some key agreements were achieved, regarding to subcarrier spacing, waveform, multiplexing of control and data channel, sidelink bandwidth part (BWP), resource pool, etc. 
In this contribution, we provide our considerations on the remaining issues for designing physical layer structure, mainly focusing on sidelink BWP, resource pool, PSCCH/PSSCH multiplexing, PSCCH structure, PSFCH format, CSI measurement and reporting, as well as the detailed issues involved.  
Discussion
Sidelink BWP
In RAN1 #95 meeting, sidelink BWP has been further discussed and the following agreements has been achieved:
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.
[bookmark: _GoBack]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.

In this subsection, we provide our considerations on reference point for sidelink BWP.
In LTE V2X, sidelink bandwidth is set to uplink bandwidth as indicated in SIB2 for in-coverage case, and for out-of-coverage case with the concerned frequency included in v2x-InterFreqInfoList, sidelink bandwidth is configured by SIB21 or RRC signaling, while for other cases, a preconfigured value is applied. When a UE obtains sidelink bandwidth, it knows both the size and the frequency location of sidelink bandwidth. Furthermore, sidelink MIB indicates the sidelink bandwidth, and when a UE selects another UE as a synchronization source, it will set its sidelink bandwidth to the value as indicated by the received sidelink MIB. According to this, the UEs with same synchronization source share the same sidelink bandwidth. Then, when the UE receives SCI with frequency allocation of PSSCH included, it’s able to deciphering RIV regarding to the starting RB of the sidelink bandwidth.
In NR Uu link, as multiple numerologies are supported, point A is defined for a common reference point for RB grids. For NR Uu DL BWP, ‘point A’ is indicated by a frequency offset in RMSI, which is the offset between point A and the lowest subcarrier of the lowest resource block overlapping with the SS/PBCH block used by the UE for initial cell selection; and for NR Uu UL BWP, ‘point A’ is indicated by an ARFCN. Furthermore, common RB indexing is used to indicate the RB index under each subcarrier spacing, where the center of subcarrier 0 of common RB 0 for a certain subcarrier spacing coincides with ‘point A’. And then, BWP is configured through RIV based on common RB indexing.
Considering NR V2X, sidelink BWP should be (pre)-configured at a carrier for out-of-coverage UEs, RRC-IDLE UEs, and RRC-CONNECTED UEs. Furthermore, when a UE performs as a synchronization source, the information of sidelink BWP should be included in sidelink MIB, similarly as sidelink bandwidth including in sidelink MIB in LTE V2X. 
Therefore, in NR V2X, it requires to study how to set the reference point for sidelink BWP and how to indicate sidelink BWP in sidelink MIB. 
In the following, we consider two options for setting and indicating sidelink BWP:
[bookmark: OLE_LINK1]Option 1: A common reference point is used for sidelink BWP at a carrier for out-of-coverage UEs, RRC-IDLE UEs and RRC-CONNECTED UEs. 
In option 1, a reference point can be expressed as in ARFCN. For out-of-coverage UEs, a reference point can be preconfigured, while for RRC-IDLE and RRC-CONNECTED UEs, reference point for sidelink BWP can be indicated by RMSI. By using the reference point, sidelink BWP can be (pre-)configured.
Furthermore, when passing sidelink BWP in sidelink MIB, a RIV of starting common RB indexing and length for sidelink BWP can be included. When a UE receives sidelink MIB, it is able to identify the frequency location of sidelink BWP by referring to the common reference point. This provides flexibility to indicate different frequency locations of sidelink BWP with limited number of bits in MIB. 
Note that, for NR Uu, point A for DL BWP or UL BWP is configured per cell, which means that different cells may have different point A. Therefore, option 1 may have sidelink BWP and UL BWP using different reference points at a certain cell. Considering sidelink can share resources with uplink in FDM manner, option 1 may raise a little bit complexity as two reference points should be considered when performs uplink and sidelink transmissions in a bandwidth. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Option 2: The same reference point as uplink BWP is used for sidelink BWP at a carrier for RRC-IDLE UEs and RRC-CONNECTED UEs, while a predefined reference point or BWP starting frequency position is used for out-of-coverage UEs. 
In option 2, for RRC-IDLE UEs and RRC-CONNECTED UEs, sidelink BWP use the same reference point as uplink BWP, and thus, no reference point for sidelink BWP needs to be indicated by RMSI. Sidelink BWP can be configured by using UL point A for RRC-connected and RRC-idle UEs, while BWP can be preconfigured by using a predefined reference point or using absolute frequency location for out-of-coverage UEs.
Furthermore, when passing sidelink BWP in sidelink MIB, it may not be possible to indicate the reference point, as quite a few bits in MIB may be required. Therefore, the indication scheme for initial DL BWP can be adopted, namely both an offset and BWP length for sidelink BWP can be included, where the offset represents the frequency gap between the SL BWP starting frequency position and the lowest subcarrier of the lowest resource block overlapping with the sidelink SS/PBCH block. In this case, possible combinations of offset and BWP length should be defined.
Proposal 1: The following two options for setting and indicating sidelink BWP in NR V2X should be studied:
· Option 1: A common reference point is used for sidelink BWP at a carrier for out-of-coverage UEs, RRC-IDLE UEs and RRC-CONNECTED UEs. 
· Option 2: The same reference point as uplink BWP is used for sidelink BWP at a carrier for RRC-IDLE UEs and RRC-CONNECTED UEs, while a predefined reference point or BWP starting frequency position is used for out-of-coverage UEs. 
Resource pool
It has been agreed that multiple resource pools can be configured to a single UE. In order to bring more flexibility in the configuration of resource pool, a time domain granularity and a frequency granularity can be defined for each resource pool. It is well known that one “subframe” and one “subchannel” are basic time and frequency (T-F) granularities in LTE V2X. Different from LTE V2X, in order to support different latency requirements and traffic types, multiple time domain granularities can be supported in NR V2X. Different resource pools can have different time domain granularities, such as one “slot”, or several “slots”, or several “symbols”. Also, the concept of “subchannel” can be reused in NR V2X.
For convenience, we call the basic T-F granularities as a “subblock”, as shown in Figure 1. A “subblock” can be used for resource allocation and energy measurement with the advantages of reducing number of bits used for resource allocation and decreasing computation complexity for energy measurement.


[bookmark: _Ref534882692]Figure 1. Basic T-F granularities of “subblock”.
Proposal 2: The time domain granularity of a resource pool can be configured. Different resource pools can have different time domain granularities. 
Proposal 3: The frequency domain granularity of a resource pool is subchannel. 
Proposal 4: A “subblock” can be used as a basic T-F granularity for resource allocation.

PSCCH/PSSCH multiplexing
In previous meetings, the following agreements and working assumptions have been achieved regarding to PSCCH/PSSCH multiplexing. 
RAN1 #94
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: ]

RAN1 #94b
Agreements:
For PSCCH and associated PSSCH multiplexing
· At least one of Option 1A, 1B, and 3 is supported.
· FFS whether some options require transient period between PSCCH and PSSCH.
· FFS whether to support Option 2
RAN1 #95
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.
In option 1A, the frequency resources for PSSCH are aligned with those of the associated PSCCH. If PSSCH frequency size is flexible, PSCCH may have any possible frequency size, hence, the PSCCH blind decoding complexity will be increased. For UE autonomous resource selection mode, sensing complexity will be increased accordingly. If PSSCH frequency size is fixed, the PSCCH blind decoding complexity can be stable, but scheduling flexibility will be lost since fixed PSCCH frequency size requires increased time domain resources in case of variable traffic size. Thus, option 1A should be excluded or act as a special case of option 3.
[bookmark: OLE_LINK6][bookmark: OLE_LINK9]In option 1B, it says that “PSCCH and the associated PSSCH are transmitted using non-overlapping time resources”. Our understanding is that it is allowed to have transmission of PSCCH and PSSCH in different transmission time interval (TTI) (e.g. subframes/slots/subslots), shown in Figure 2. In other words, if K0 is defined as the timing between PSCCH and PSSCH, it is allowed to have K0 > 0. However, PSCCH and PSSCH in different TTI will cause increased time delay. Thus, option 1B can be supported only when PSCCH and PSSCH in the same TTI. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For option 2, the main concern is the transmission delay may be larger than that of other options because PSSCH decoding cannot start until PSCCH has been successfully decoded. If finer time domain granularity is supported in NR V2X than LTE V2X, then option 2 may be considered. In a same numerology, option 2 may get the same transmission delay as the other options, if finer time domain granularity is adopted. However, supporting both option 2 and other options may lead to very complex design of V2X terminal and chipset. 
In option 3, it says that “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.” Figure 2 gives several illustrations of option 3. Literally, it seems that besides Figure 2a), Figure 2b)/c)/d) are also allowed. 
[image: ]
[bookmark: _Ref534882962]Figure 2. Illustrations of option 3. 
Taking a closer look at Figure 2, there are several confusions needs to be clarified.
1) Whether it is allowed to have PSSCH starting before the scheduling PSCCH? 
In NR cellular, it is possible that PDCCH starts later than its associated PDSCH for PDSCH mapping type A. Likewise, it is straightforward to allow to have PSSCH starting before the scheduling PSCCH in NR V2X, shown in Figure 2c). 
2) Whether the frequency resources of PSCCH have to be a subset of the associated PSSCH frequency resources? 
In LTE V2X, PSCCH and its associated PSSCH are FDMed. In NR V2X, for PSCCH/PSSCH multiplexing option 3, if it is supported that the frequency resources of PSCCH does not have to be a subset of the associated PSSCH frequency resources, shown in Figure 2d), the benefits needs to be identified firstly. 
3) Whether the frequency resources of PSCCH/PSSCH have to be continuous? 
If non-continuous frequency domain resource allocation is allowed, it may not be friendly for sensing and resource selection because of the inevitable increase in computational complexity for SCI decoding. Figure 3 shows an example of non-continuous frequency resources of PSSCH, where C1 and D1 are PSCCH and PSSCH from UE #1 respectively while C2 and D2 are PSCCH and PSSCH from UE #2 respectively. 
[image: ]
[bookmark: _Ref534883037]Figure 3. Example of non-continuous frequency resource of PSSCH.
Based on the above analysis, we have the following proposal. 
Proposal 5: Regarding to PSCCH / PSSCH multiplexing, 
· Not support option 1A and option 2.
· Option 1B can be supported only when PSCCH and PSSCH in the same TTI. 
· Support option 3 with some clarifications.

PSCCH design 
In the design of PSCCH, one of the consideration factors is blind decoding. If a UE has no priori information to help PSSCH detection, the UE will have to perform decoding totally blindly. To reduce PSCCH blind decoding complexity, it requires us to design PSCCH carefully. 
Here, we give some potential PSCCH design aspects.
2.4.1 Fixed PSCCH
In LTE V2X, only one SCI format (SCI format 1) is defined and SCI format 1 is transmitted in two physical resource blocks (RBs) in each subframe where the corresponding PSSCH is transmitted. For receiving PSCCH, a UE decodes a limited number of PSCCH candidates in the PSCCH resource pool based on the UE capability. The main point is that the PSCCH resource size is fixed, i.e., one subframe in time domain and 2 RBs in frequency domain.
Likewise, in NR V2X, a similar design can be adopted, such as fixed PSCCH position, or fixed PSCCH resource size. Considering that PSCCH/PSSCH multiplexing option 3 has been supported as a working assumption, which is different from the FDM manner between PSCCH and PSSCH in LTE V2X, some modifications are needed. 
We can use the concept of “subblock” in section 2.2 for the design of PSCCH. The PSCCH candidates can only occupy certain resources within a “subblock” while the PSSCH can occupy integer number of “subblocks”. Depending on the actual resource allocation of PSSCH, a “subblock” may or may not include a PSCCH candidate. Based on this design, the PSCCH candidates can only locate on the certain position of one subblock out of all the subblocks containing the associated PSSCH. 
Figure 4 gives an example. In resource pool #1, a PSSCH is transmitted in 2 subblocks (a subblock is one “slot” and one “subchannel”), the scheduled PSCCH locates in one of the 2 subblocks. In resource pool #2, a PSSCH is transmitted in 4 subblocks (a subblock is several “symbols” and one “subchannel”), the scheduled PSCCH locates in one of the 4 subblocks. 

 
Figure 4. PSCCH candidate locates on one of the subblocks containing the associated PSSCH.
2.4.2 Sequence indication 
To support different traffic types, more than one SCI format can be defined in NR V2X. Multiple SCI formats with different SCI sizes will results in more blind decodes than in LTE V2X. To further alleviate blind decoding complexity, and to reduce resource collision in UE autonomous resource selection mode, some priori information (e.g. sequence indication) can be considered to help decode PSCCH. 
Figure 5 gives one example to illustrate the design of sequence indication. Four sequences (labeled 0 to 3) are transmitted in the first symbol to indicate the location of PSCCH. There are preconfigured association between the sequences and PSCCH locations. Different sequences correspond to different PSCCH locations (represented in yellow, red, purple and black). The sequences can be differentiated by comb structure, OCC, cyclic shift, etc. Upon detecting the sequence, a UE knows there exists PSCCH(s) at the corresponding location. 

 
[bookmark: _Ref534882829]Figure 5. Sequence indication 
Based on the above analysis, we have the following proposal.
Proposal 6: For PSCCH design, several aspects can be considered:
· Fixed PSCCH (fixed position, or fixed resource size).
· Sequence indication.

PSFCH format
PSFCH format design depends on the type of sidelink feedback control information (SFCI) and the number of bits. 
The already agreed feedback type is HARQ feedback. For NR V2X unicast, if only ≤2 bits HARQ feedback is allowed for one associated PSSCH, PUCCH format 0 and PUCCH format 1 in NR Uu can be reused. If HARQ codebook will be introduced or CBG based HARQ feedback will be supported, the number of bits will be >2, then PUCCH format 2, 3, 4 can be reused. For NR V2X groupcast, NACK-based HARQ feedback scheme has been proposed and common resource for UEs within a group can be used, then PUCCH format 0 and PUCCH format 1 can be reused.
Other potential feedback types are sidelink (SL) SR and sidelink CSI. SL SR can be used in NR V2X mode 2d where UE schedules sidelink transmissions of other UEs. If SL CSI is agreed to be carried by PSFCH, then multiplexing of SL HARQ and SL CSI w/o SL SR on PSFCH needs to be studied and multiplexing between different UCI types on PUCCH in NR Uu can be a starting point. On the other hand, SL CSI can be sent via PSSCH rather than PSFCH, in which case the multiplexing of SL CSI and PSSCH needs to be considered. Either way, it is expected to design a more concise multiplexing rules in NR V2X than NR Uu. 
In general, it is desirable to reuse a variety of PUCCH formats as much as possible and minimize the number of PSFCH formats. 
Proposal 7: For PSFCH format, reuse existing PUCCH formats. No new format is introduced if possible.

1.1 CSI measurement and reporting
At least, for groupcast and unicast, it is obligatory to introduce SL-CSI measurement and reporting. For broadcast, it is also beneficial to have CSI feedback if considering the possibly agreed QoS parameter minimum required communication range, which could provide a guidance on the Tx power adjustment.
1.1.1 RS for Sidelink CSI measurement
From the consideration of minimizing specification efforts, we can simply reuse the Uu-SRS design and use it to estimate SL-CSI. But still, some studies should be done how to use Uu-SRS to measure SL channel estimation as well as SL interference. From another side, it is also possible to design SL CSI-RS exclusively for SL-CSI acquisition. As a starting point, the Uu-CSI-RS can be used as a baseline.
Proposal 8: Both SRS and SL CSI-RS could be used for sidelink CSI acquisition.
1.1.2 Sidelink CSI-reporting types/contents
Compared to Uu-link, NR-V2X sidelink has several fixed overhead and limitations due to the existence of AGC, Tx/Rx switching gap, half-duplex issue, etc., which instead requires to feedback only the critical information. Specifically, we incline to support Uu Type-I-like SL-CSI feedback and only wideband feedback is supported. Besides, considering various service types of sidelink is supported, i.e., periodic/aperiodic/SPS, we should have the corresponding CSI feedback mechanism.
Proposal 9: Only Uu Type-I-like SL-CSI feedback is considered for sidelilnk.
Proposal 10: Only Wideband CSI feedback is considered for sidelink.
Proposal 11: Periodic/aperiodic/semi-persistent CSI feedback should all be studied.
1.1.3 Beam management for sidelink
Considering the support of FR2 for NR V2X, beam-based transmission is almost doomed to be adopted. Otherwise, we can hardly deal with the coverage issue. Though beam management may not be needed for groupcast and broadcast service, it is critical for unicast service. With appropriate beam management, the spatial properties between two sidelink UEs can be determined. There exist several very useful cases where we can apply beam management. For example, the roadside RSU equipped at a fixed location can execute beam training for the coming and going vehicles. Another applicable case could be a group of cars traveling in the same direction, i.e., platoon etc.
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Figure 8. Scenario for sidelink beam management
As shown in Figure 8, three general scenarios can be summarized depending on the sidelink-UE types, e.g., in-coverage UE or out-of-coverage UE:
· Scenario-1: One sidelink-UE is in-coverage UE, the other is out-of-coverage UE.
· Scenario-2: Both sidelink-UEs are in-coverage UE. 
· Scenario-3: Both sidelink-UEs are out-of-coverage UE.
The beam management procedure in such three scenarios could be different and deserves further investigations. Moreover, for tracking beam qualities it is beneficial to support short term RSRP measurement and report on sidelink. 
Once we decide to choose SRS or SL-SSB or SL CSI-RS for SL beam management, it also means SL-TCI should also be introduced. In sidelink, both SCI and PC5-RRC could carry SL-TCI information to indicate the spatialrelationinfo of certain RS(s) or channel(s).
Besides, BFR is also indispensable for beam-based transmission.
Proposal 12: Both beam management and BFR should be investigated.
Proposal 13: Support short term RSRP measurement and report on sidelink.
Proposal 14: It is beneficial to introduce the concept of SL-TCI, which could be possibly included in SCI or PC5-RRC.

Conclusions
Sidelink BWP, resource pool, multiplexing of PSCCH and PSSCH, PSCCH configuration, PSFCH format, as well as CSI measurement and reporting are discussed in this document and the following conclusions are proposed:
Proposal 1: The following two options for setting and indicating sidelink BWP in NR V2X should be studied:
· Option 1: A common reference point is used for sidelink BWP at a carrier for out-of-coverage UEs, RRC-IDLE UEs and RRC-CONNECTED UEs. 
· Option 2: The same reference point as uplink BWP is used for sidelink BWP at a carrier for RRC-IDLE UEs and RRC-CONNECTED UEs, while a predefined reference point or BWP starting frequency position is used for out-of-coverage UEs. 
Proposal 2: The time domain granularity of a resource pool can be configured. Different resource pools can have different time domain granularities. 
Proposal 3: The frequency domain granularity of a resource pool is subchannel. 
Proposal 4: A “subblock” can be used as a basic T-F granularity for resource allocation.
Proposal 5: Regarding to PSCCH / PSSCH multiplexing, 
· Not support option 1A and option 2.
· Option 1B can be supported only when PSCCH and PSSCH in the same TTI. 
· Support option 3 with some clarifications. 
Proposal 6: For PSCCH design, several aspects can be considered:
· Fixed PSCCH (fixed position, or fixed resource size).
· Sequence indication.
Proposal 7: For PSFCH format, reuse existing PUCCH formats. No new format is introduced if possible.
Proposal 8: Both SRS and SL CSI-RS could be used for sidelink CSI acquisition.
Proposal 9: Only Uu Type-I-like SL-CSI feedback is considered for sidelilnk.
Proposal 10: Only Wideband CSI feedback is considered for sidelink.
Proposal 11: Periodic/aperiodic/semi-persistent CSI feedback should all be studied.
Proposal 12: Both beam management and BFR should be investigated.
Proposal 13: Support short term RSRP measurement and report on sidelink.
Proposal 14: It is beneficial to introduce the concept of SL-TCI, which could be possibly included in SCI or PC5-RRC.
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