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Introduction
In RAN1 NR-AH1901 meeting [1], the following agreements and conclusion related to initial access signals and channels were made.

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)

Also, the following agreements were made in RAN1#96 meeting [2].

Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.

In this contribution, we discuss signal and channel design with respect to initial access for NR unlicensed operations. This contribution is revision of R1-1902167.

Discussion
DRS design
SSB pattern in time domain
In RAN1#96 meeting [2], RAN1 considered the following options for SSB pattern.
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
Option 1 is Case C in the Rel-15 NR SSB pattern, while option 2 is a modification of Case C. In our understanding, the main benefit of option 1 is commonality of cell search between Rel-15 NR on FR1 and NR-U, while that of option 2 is to optimize the 2-symbols CORESET#0 case from a performance perspective.
For comparison between option 1 and option 2, we need to consider 2 cases: (A) 1-symbol CORESET#0 and (B) 2-symbols CORESET#0. In case (A), as shown in figure 1, it is obvious that there is no performance difference between option 1 and option 2 for both PDCCH and PDSCH carrying SIB1. In this case, option 1 is preferable from the perspective of commonality between legacy and NR-U. On the other hand, in case (B), option 1 bring several drawbacks. One is that the available resource for PDSCH carrying SIB1 in the first half-slot would be decreased compared to option 2. Another is that the half-slot structure would be broken, which impacts on implementation complexity. For these reasons, option 2 seems more attractive than option 1.
Observation 1: If the number of symbols for CORESET#0 is always configured as 1, option 1 is preferable from the perspective of commonality between licensed band and unlicensed band. If the number of symbols for CORESET#0 is configured as 1 or 2, option 2 is preferable from the perspective of DRS coverage.
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Case(A) 1-symbol CORESET#0				Case (B) 2-symbols CORESET#0
Figure 1: Comparison of SSB pattern Options
Since which option is superior depends on the number of symbols for CORESET#0, we suggested that options should be down-selected after making the decision on the number of symbols for CORESET#0 configuration on NR-U. 
Proposal 1: The decision on down-selection of SSB pattern options should be made after deciding on the configuration of the number of symbols for CORESET#0.

PBCH DMRS sequence design
During Rel-15 NR work, RAN1 had discussed how many information bits could be carried by the DMRS sequence of PBCH. Through a lot of discussion and by using simulation evaluation [3][4][5], taking into account several SSB parameters (worst-case cell ID/SSB index pair, amount resource of DMRS, etc.), in the RAN1 NR-AH2 meeting held in June 2017 [6], RAN1 concluded that up to 3 bits can be carried by the DMRS sequence of PBCH, taking cross-correlation performance into account. If SSB design is not changed, detection performance is of course not changed. Since it was decided that the NR-U SSB design as DRS is the almost same as Rel-15 NR, in NR-U, it should be considered that no more than 3 bits can be carried by the DMRS sequence of PBCH. As discussed in [7], in NR-U, some enhancements for timing acquisition are required. As for SSB index indication on FR2, additional bits for timing acquisition, other than the 3 bits that can be carried by the PBCH DMRS sequence, should be carried in the PBCH payload.
Proposal 2: DMRS sequence of PBCH in DRS should not be changed from Rel-15 NR.
· DMRS sequence of PBCH carries up to 3 bits.

CORESET#0/Type0-PDCCH common search space configuration
Type0-PDCCH common search space
In Rel-15 NR, to realize flexible scheduling of RMSI in the time domain, it is allowed that RMSI can be scheduled in a different slot to that in which the associated SSB is transmitted. However, in NR-U, if SSB and RMSI are transmitted using separated slots, gNB may sometimes have to attempt LBT twice before transmitting DRS, which tends to reduce the transmission opportunity of DRS. We don’t see the motivation to transmit RMSI in a different slot from the associated SSB.
Proposal 3: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB (with the same QCL assumptions)
If the Type0-PDCCH starting symbol is #6, the half-slot structure would be broken. Considering the scalability of slot structure as well as simple implementation, we prefer that the starting symbol of Type0-PDCCH common search space should be #0 or #7.
Proposal 4: Starting symbol of Type0-PDCCH common search space should be #0 or #7.

CORESET#0
In Rel-15 NR on FR1, it was specified that the number of symbols for CORESET#0 can be configured from 1 to 3. For 3-symbols CORESET#0, as shown in Figure1, it is obvious that there is no space to allocate 3 symbols for CORESET#0 in NR-U DRS. In addition, considering that a typical deployment scenario in unlicensed spectrum is small cell, we think that large coverage configurations are not so important for NR-U. Therefore, at least the 3-symbols CORESET#0 configuration is not necessary for NR-U. Then, RAN1 should further discuss whether the 2-symbols CORESET#0 configuration is necessary or instead the 1-symbol CORESET#0 configuration is always used, taking the deployment scenario in unlicensed spectrum into account.
Proposal 5: At least the 3-symbols CORESET#0 configuration is not necessary for NR-U.
· Taking the deployment scenario in unlicensed spectrum into account, it should be decided whether 2-symbols CORESET#0 configuration is necessary or 1-symbol CORESET#0 configuration is always used.

Conclusions
In this contribution, based on the above discussion, we have the following observations and proposals:
Observation 1: If the number of symbols for CORESET#0 is always configured as 1, option 1 is preferable from the perspective of commonality between licensed band and unlicensed band. If the number of symbols for CORESET#0 is configured as 1 or 2, option 2 is preferable from the perspective of DRS coverage.
Proposal 1: The decision on down-selection of SSB pattern options should be made after deciding on the configuration of the number of symbols for CORESET#0.
Proposal 2: DMRS sequence of PBCH in DRS should not be changed from Rel-15 NR.
· DMRS sequence of PBCH carries up to 3 bits.
Proposal 3: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB (with the same QCL assumptions)
Proposal 4: Starting symbol of Type0-PDCCH common search space should be #0 or #7.
Proposal 5: At least the 3-symbols CORESET#0 configuration is not necessary for NR-U.
· Taking the deployment scenario in unlicensed spectrum into account, it should be decided whether 2-symbols CORESET#0 configuration is necessary or 1-symbol CORESET#0 configuration is always used.
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