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Introduction
This contribution is revision of R1-1900698 and continues the discussion on physical layer structure for NR V2X, especially on relation between SL BWP and Uu BWP, PSCCH and PSSCH multiplexing and resource pool definition for PSSCH.
Discussion
Relation between SL BWP and Uu BWP
In our view SL BWP and Uu BWP should be independently configured in a carrier of licensed band and the linkage should be decoupled to reduce the design complexity especially considering dynamic BWP switching for Uu operation. Following Rel.15 NR framework, the baseline is only one activated BWP in certain slot in a carrier so activated SL BWP and activated Uu BWP are TDMed. The merit of such approach is simpler design but latency is increased due to BWP switching depending on the configuration. Simultaneous activated Uu BWP and SL BWP may reduce the latency for sidelink but it will introduce many other issues like half duplex, intra-band emission, PAPR and so on. In the end the system performance may be even worse considering these new problems. 
Proposal 1:  Baseline is activated SL BWP and activated Uu BWP are TDMed in a carrier. FFS FDMed SL BWP and Uu BWP are simultaneously activated in a carrier. 
Proposal 2:  SL BWP and Uu BWP are independently (pre)configured in a carrier of licensed band and not necessary to restrict SL BWP is always within Uu BWP. The network can configure two BWPs which do not cause or minimize BWP switching delay. UE is allowed to implement constant RF reception/transmission bandwidth over two BWPs. 

In FDD, following LTE V2X principle, SL BWP is configured in uplink carrier considering many potential collisions with DL traffics. In addition, if SL BWP is configured/activated in DL carrier while DL BWP is not activated, it may require UE to simultaneously transmit SL channels and UL channels, which increases UE’s implementation complexity and PAPR. To deactivate reception of DL BWP will also impact Uu performance considering DL will transmit many important system information like MIB, SIB and so on. Instead, the impact caused by deactivating UL transmissions is little less. 
For TDD, at least SL BWP is configured to align with UL symbols. Whether SL BWP can be aligned with flexible symbols or DL symbols needs to be further discussed. One issue is flexible symbols may be indicated as DL symbols and it have collision with SL transmission in SL BWP. If SL BWP is aligned with all symbols in a slot, DL reception of Uu may be impacted due to half duplex and the handling is complicated. If SL BWP is only aligned with UL symbols in slot, DL symbols are not impacted.  
Proposal 3:  In FDD, SL BWP is configured in uplink carrier while in TDD, SL BWP is configured to align with UL symbols. FFS its alignment with DL/flexible symbols.

PSCCH and PSSCH multiplexing
Although we are ok to accept working assumption of option 3, we see the need to support option 1B as complimentary multiplexing option on PSCCH and PSSCH from following reasons. 
- Difficulty to realize MIMO scheme differentiation between PSCCH and PSSCH in option 3
We think the rank of PSCCH should be always 1 (non-spatial multiplexing) as we are not aware of the necessity to further increase capacity for PSCCH. On the other hand, rank of PSSCH should support more than 1 in case of spatial multiplexing, which is used to improve the spectral efficiency or guarantee user data rate. As no transient period is assumed for the symbol containing PSCCH and the symbol not containing PSCCH in option 3, the implication is the UE Tx power per one amplifier is same between these symbols. By the virtualization of the antennas, for the symbol containing PSCCH, rank 1 transmission of PSCCH with more than rank1 of PSSCH would be possible but it means PSSCH in the symbol containing PSCCH is also virtualized rank 1 transmission when analogue beam forming is implemented especially in mm-wave. Therefore, more than rank 1 transmission in PSSCH is difficult to realize in option 3.
- Difficulty to realize link adaptation for PSCCH by power boosting in option 3
In option 3, because of no transient period between the symbol containing PSCCH and the symbol not containing PSCCH, the implication is the same transmission power is assumed between these symbols. To have power boost/de-boost on PSCCH but to keep the total power same between the symbol containing PSCCH and the symbol not containing PSCCH is possible when the transmitter dynamic range is sufficiently large, but it increases DA converter and RF component dynamic range, which increase the complexity of UE. Option 1B with transient time between the symbol containing PSCCH and the symbol not containing PSCCH makes flexible power boosting/de-boosting of PSCCH and allow good link adaptation without increasing receiver complexity. 
To support multiple aggregation levels can realize link adaptation for PSCCH. E.g., aggregation level 2 equals to power boosting of 3 dB. Aggregation level 4 equals to power boosting of 6 dB. Similarly, the other aggregation levels equivalent can be achieved by power boosting. But on the other hand, in order to avoid large number of blind decodings of PSCCH, our preference is no or to minimize the number of blind decodings related to the difference of the aggregation levels, although multiple aggregation levels are commonly used in PDCCH in LTE/NR. Seeing no aggregation level for PSCCH is workable in LTE V2X, whether multiple aggregation levels are needed for PSCCH in NR V2X would be mainly for unicast and groupcast.  
- High complexity on buffer size in option 3 for wideband resource pool
When system band and resource pool are wide (like mm-wave situation), PSSCH allocation can be also large. In option 3, UE needs to buffer PSSCH symbols until the decoding of PSCCH is finished. This increases Rx UE buffer complexity. 
- More complicated situation on half duplex due to FDMed PSCCH and PSSCH in the symbols containing PSCCH in option 3
Depending on the FDMed number of PSCCH (and potential difference of the aggregation levels), PSCCH resource usage in the frequency in a resource pool varies. In order to transmit option 3 type rectangle shape, Rx UE needs to know the resource usage of PSSCH in the symbol containing PSCCH. Depending on the further design choice and further sensing/resource selection procedure, PSCCH of UE A and PSSCH of UE B can be collided. These handling is much simplified in option 1B because of TDMed operation between PSCCH and PSSCH.
- More flexible resource allocation on PSSCH from option 1B
Because of TDMed operation between PSCCH and PSSCH, PSCCH location in the frequency domain is fully flexible without limitation of the assignment of PSSCH. This simplifies sensing/resource selection procedure. 
- Easier design on DMRS in option 1B
Because of no FDM between PSSCH and PSSCH, DMRS of PSSCH can be located in the first symbol of PSSCH in all assigned PRBs. DMRS symbol position can be aligned among all assignment. This simplifies channel estimation processing. Another merit is orthogonality of DMRS over multiple UEs in spatial multiplexing improve the channel estimation performance, which is used in NR DMRS design. 
Although transient time between the symbol containing PSCCH and the symbol not containing PSCCH is the demerit of option 1B, we think above described merits (flexibility of rank, reduced blind decoding, reduced Tx dynamic range in the same PA operation point, reduced reception buffer, no collision between PSCCH and PSSCH among different Tx UEs, no separate resource usage indication of PSSCH in the symbol containing PSCCH, simplified sensing/resource selection, simplified channel estimation) overcome the demerit of transient period. Note that the cost of transient symbol is less in higher subcarrier spacing as one symbol length is short in the higher SCS. Therefore, we don’t think the agreement on option 1B depends on whether there is transient time based on RAN4’ reply.
In addition, two stage SCI were proposed by some companies in last meeting and in our view it can be regarded as kind of combination of option 1B and option 3, where first SCI of two stage SCI is TDMed with associated PSSCH but second SCI of two stage SCI is transmitted like UCI encoded within PUSCH. The first SCI can be designed to carry information related to demodulation and common information for broadcast/groupcast/unicast.  The second SCI can be designed to carry the information required only after the demodulation like HARQ related and the information specific to group or unicast. It has merit on reducing the size on first SCI. More details on field information can be further studied in WI phase. 

According to above discussions, we propose following usage of option 1B and option 3.
- Option 1B or option 3 is pre-configured per resource pool, BWP or carrier. This simplifies blind decoding and sensing/resource selection procedure. 
- In option 3, MIMO rank of PSSCH is limited to one for Rel.16. On the other hand, option 1B supports spatial multiplexing. The merit of option 3 is efficient time/frequency resource utilization. Higher rank usage of PSSCH is much efficient resource usage than to use rank 1 of FDMed PSSCH in the symbol containing PSCCH in overall. 
- Option 3 is only used when the system bandwidth is limited but option 1B supports very wide resource pool like mm-wave. The complexity caused by option 3 is for the wider system bandwidth case. In wider bandwidth case, efficient time/frequency resource utilization of option 3 can be compromised compared with UE complexity.
- When analogue beam forming is expected (mm-wave), only option 1B is supported. When hybrid/digital beam forming is expected, option 3 is supported. When analogue beam forming is expected, FDMed operation between PSCCH and PSSCH is complex on the beam and higher rank operation perspective as same precoding is applied in the whole symbol. Then option 1B is applied.
- Another possibility is two stage SCI can be considered as a compromised solution for combining option 1B and option 3

As the summary, we propose following.
Proposal 4: To support both option 1B and option 3. Which option is used is pre-configuration per resource pool, BWP or carrier (FFS) for sub-6GHz. Option 1B is mainly for above 6GHz but not preclude for sub-6GHz.
Proposal 5: Option 3 is limited to rank 1 for both PSCCH and PSSCH. Option 1B supports spatial multiplexing for PSSCH while PSCCH is limited to rank 1 as well.
Proposal 6: Two stage SCI can be considered as a compromised solution for combining option 1B and option 3.

Resource pool definition for PSSCH
In last meeting, for frequency domain resources of a resource pool for PSSCH, down select following options was agreed,
Option 1: The resource pool always consists of contiguous PRBs
Option 2: The resource pool can consist of non-contiguous PRBs
Our preference is option 1 which is adopted in LTE V2X seeing no obvious merit from option 2.
Proposal 7: Option 1 "the resource pool always consists of contiguous PRB", which is adopted in LTE V2X, is supported for NR V2X.
Conclusion
In this contribution we discussed physical layer structure for NR V2X, especially on relation between SL BWP and Uu BWP, PSCCH and PSSCH multiplexing and resource pool definition for PSSCH. Based on the discussions, followings are proposed, 
Proposal 1:  Baseline is activated SL BWP and activated Uu BWP are TDMed in a carrier. FFS FDMed SL BWP and Uu BWP are simultaneously activated in a carrier. 
Proposal 2:  SL BWP and Uu BWP are independently (pre)configured in a carrier of licensed band and not necessary to restrict SL BWP is always within Uu BWP. The network can configure two BWPs which do not cause or minimize BWP switching delay. UE is allowed to implement constant RF reception/transmission bandwidth over two BWPs.
Proposal 3:  In FDD, SL BWP is configured in uplink carrier while in TDD, SL BWP is configured to align with UL symbols. FFS its alignment with DL/flexible symbols.
Proposal 4: To support both option 1B and option 3. Which option is used is pre-configuration per resource pool, BWP or carrier (FFS) for sub-6GHz. Option 1B is mainly for above 6GHz but not preclude for sub-6GHz.
Proposal 5: Option 3 is limited to rank 1 for both PSCCH and PSSCH. Option 1B supports spatial multiplexing for PSSCH while PSCCH is limited to rank 1 as well.
Proposal 6: Two stage SCI can be considered as a compromised solution for combining option 1B and option 3.
Proposal 7: Option 1 "the resource pool always consists of contiguous PRB", which is adopted in LTE V2X, is supported for NR V2X.
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