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1. [bookmark: Source]Introduction
In RAN1 #95 meeting [1], the following agreements on sidelink physical structure and synchronization mechanism for NR V2X were achieved.
Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.
Agreements:
· For PSCCH/PSSCH in FR1, NR V2X supports normal CP for 15kHz, 30kHz, 60kHz, and extended CP for 60kHz.
· FFS extended CP for 30 kHz in FR1.
· FFS CP for PSCCH/PSSCH in FR2
· E.g., NR V2X supports normal CP for 60kHz and 120kHz, and extended CP for 60kHz
· FFS extended CP for 120 kHz in FR2.
· Only one combination of CP length and SCS is used in a carrier at a given time for NR V2X UEs communicating with each other using SL
Agreement:
· S-SSB has the same numerology, which includes SCS and CP length, as that of control and data channels for a given carrier 
Agreements:
· The transmission bandwidth for S-SSB is within the BW of the (pre)-configured SL-BWP.  
· FFS:  The actual transmission BW for S-SSB and sync raster
This contribution provides our considerations on physical layer structure for S-SSB and SL-MIB contents, including the priority, sidelink bandwidth part and TDD-UL-DL configurations. This is a revision of R1-1900712.
2. Discussion
2.1 Physical layer structure
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK19][bookmark: OLE_LINK20]In LTE V2X, the subframes reserved for Sidelink Synchronization Signals (SLSS) and PSBCH cannot be multiplexed with other signals or channels to keep the single carrier property of the SC-FDMA waveform. Such a design leads to a waste of resources when the sidelink bandwidth is much larger than SLSS/PSBCH bandwidth. Therefore, the remaining frequency resources in the S-SSB symbols should be utilized for transmitting other sidelink channels, i.e., PSCCH, PSSCH, PSFCH, etc. Meanwhile, it is beneficial for delay-sensitive services. Furthermore, it has been agreed that the CP-OFDM waveform is supported in NR sidelink, which enables multiplexing S-SSB and other sidelink channels in the frequency domain.
Proposal 1: Multiplexing S-SSB and other sidelink channels in the frequency domain should be studied.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Multiple numerologies are supported for NR Uu link to meet the requirements for different services and deployment scenarios. However, at most two DL-SSB SCS configurations are allowed for each band to reduce the blind detection complexity during the synchronization procedure. From this perspective, it is better to limit the number of SCS configurations in each carrier for NR V2X.
Regarding to CP length, supporting both normal CP and extended CP will cause an additional blind detection on the S-SSS symbol, since the relative distance between the S-PSS symbol and the S-SSS symbol within one S-SSB is relevant to the CP length. 
Observation 1: For a given carrier, supporting multiple SCS configurations and CP lengths causes high blind detection complexity for sidelink synchronization. 
2.2 SL-MIB contents
Referring to LTE V2X SL-MIB contents [2], we mainly focus on the following three fields: “in coverage”, “sl-Bandwidth”, “tdd-ConfigSL”, and provide our considerations on how to indicate these messages in NR V2X.
2.3.1 Priority indication
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In LTE V2X, 1-bit “in coverage” indicator is carried by SL-MIB. The “in coverage” indicator and SLSSID are used together to distinguish SLSS priorities. Specifically, the distinction for 1-hop and 2-hop SLSSs mostly relies on the “in coverage” indicator, since their SLSSIDs share id_net set. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In this case, a V2X UE cannot identify the priority order of the synchronization sources until all the SL-MIBs are successfully decoded. As known to all, PSBCH decoding is time-consuming, especially for low SNR scenarios where PSBCH soft combination across multiple periods should be performed. Additionally, as synchronization sources with lower priorities will not be selected, it is worthless to have other fields in the SL-MIBs deciphering. Therefore, in order to avoid PSBCH decoding only for getting the priority information, it is better to study other potential designs to carry the “in coverage” indicator and other priority related messages. We provide two options below:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Option 1: indicate the “in coverage” via different SLSSID sets. Besides id_net and id_oon in LTE V2X, the third SLSSID set can be introduced to replace the “in coverage” indicator, i.e., id_net for 1-hop, id_partial for 2-hop and id_oon for more than 2-hop and isolate V2X UEs. In order to guarantee enough SLSSIDs for each set, the total number of SLSSIDs should be extended, which has impact on the design of S-PSS/S-SSS.
· Option 2: indicate the “in coverage” via PSBCH DMRS sequences. For each NR Cell ID, 8 candidate PBCH DMRS sequences are designed to carry timing information, comprising of 2-bit SSB index and 1-bit half-frame indicator for L=4 or 3-bit SSB index for L=8/64. During the selection/reselection of synchronization sources, a V2X UE needs to identify the priorities of candidate sources first, and then performs time and frequency synchronization to the highest one. Therefore, it is more efficient to indicate the “in coverage” via DMRS sequences than SL-MIB, so that PSBCH decoding of synchronization sources with lower priorities could be avoided.
Proposal 2: Indicating the “in coverage” via SLSSIDs or PSBCH DMRS should be studied for sidelink synchronization.
2.3.2 Sidelink bandwidth part indication
In order to guarantee the consistent understanding on resource pools between Tx and Rx sides, 3-bit “sl-Bandwidth” field is transmitted through SL-MIB in LTE V2X. Similarly, Sidelink Bandwidth Part (SL-BWP) should also be indicated via SL-MIB in NR V2X. However, indicating the location and bandwidth of SL-BWP by RIV may require a large signalling overhead. For example,  bits are needed when the carrier bandwidth is 100 PRBs. Owing to some restrictions on SL-BWP, for example S-SSB should always be included in SL-BWP, there are some redundant RIVs, such as the RIV indicating a bandwidth smaller than S-SSB bandwidth. Therefore, it is possible to reduce the number of valid RIVs and represent them through a predefined SL-BWP table. Alternatively, the indication method for NR initial DL BWP can be reused. Each entry in the SL-BWP table associates with a bandwidth indicator and a location indicator expressed as the offset between the S-SSB and the current SL-BWP. Although this method may decrease the flexibility of SL-BWP configuration, a small number of SL-BWPs will be sufficient for NR V2X.
[bookmark: OLE_LINK10][bookmark: OLE_LINK21]Proposal 3: Study how to indicate SL-BWP through SL-MIB.
2.3.3 TDD-UL-DL indication
[bookmark: OLE_LINK9][bookmark: OLE_LINK18][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _GoBack]To protect cellular traffic, the determination of resource pools in the time domain relies on TDD-UL-DL configuration and therefore, 3-bit “tdd-ConfigSL” indicator is carried by SL-MIB in LTE V2X. While in NR, the TDD-UL-DL configuration is much more complicated and generally includes four types: cell-specific “tdd-UL-DL-ConfigurationCommon” in SIB1 and servingCellConfigCommon, UE-specific “tdd-UL-DL-ConfigurationDedicated” in servingCellConfig and dynamic SFI in DCI format 2_0. To fully exploit UL resources for NR V2X, the aforementioned four types of TDD-UL-DL configuration should be considered. Then, how to indicate these configurations in PC5 link becomes a problem. Clearly, it is unrealistic to indicate all of them in SL-MIB due to the limited PSBCH payload. SL-SIB or PC5-RRC could be alternatives. As for the indication method, PC5 link could reuse the IEs defined in Uu link or introduce some new IEs to indicate the combined TDD-UL-DL configurations. 
[bookmark: OLE_LINK15]Proposal 4: Study how to indicate the TDD-UL-DL configuration, including “tdd-UL-DL-ConfigurationCommon”, “tdd-UL-DL-ConfigurationDedicated” and dynamic SFI in PC5 link. 

3. Conclusion
In the document, some considerations on physical layer structure for S-SSB and SL-MIB contents are provided, and following conclusions are proposed:
Observation 1: For a given carrier, supporting multiple SCS configurations and CP lengths causes high blind detection complexity for sidelink synchronization. 
Proposal 1: Multiplexing S-SSB and other sidelink channels in the frequency domain should be studied.
Proposal 2: Indicating the “in coverage” via SLSSIDs or PSBCH DMRS should be studied for sidelink synchronization.
Proposal 3: Study how to indicate SL-BWP through SL-MIB.
Proposal 4: Study how to indicate the TDD-UL-DL configuration, including “tdd-UL-DL-ConfigurationCommon”, “tdd-UL-DL-ConfigurationDedicated” and dynamic SFI in PC5 link. 
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