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Introduction
In RAN1 #94 meeting, several agreements are approved for NR-U initial access as in [1]:
Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidates SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission.

In this contribution, based on the above agreements, further study for LBT based SS/PBCH blocks transmission for initial access to support the NR unlicensed SA operation are discussed, not that SS/PBCH blocks is abbreviated as SSB in this contribution for convenience.
Discussion on SSB
1 
2 
In RAN1#94 bis Chengdu meeting, SSB transmission issue due to LBT was discussed, companies agreed that it is beneficial to introduce candidates SSB positions within DRS transmission window, however, more details should be further studied. 
2.1 Frame timing deriving from detected SSB
In NR-U FR1, to derive the frame timing from SSB, one straight way is to fix the Y candidates SSB positions in a DRS window similar as the pattern in NR, Accordingly, UE could derive the timing only depending on the index as it does in NR no matter which SSB it decodes.  
In NR, 6 bits are defined for SSB index, where three bits are decodes from the DRMS of PBCH and the other three can be decode from the PBCH, so similar approach may be adopted in NR-U. However, UE can get the SSB index without reading the PBCH in handover case in NR FR1 because the low three bits of SSB index is carried in the DM-RS of the PBCH, this benefit could not be kept since the SSB shifting should be indicated anyway no matter what the LBT outcome is, except that the NR agreement on SSB index could be changed.
Observation 1: NR-U UE need decode full SSB index for frame timing.

2.2 QCL relation among SS/PBCH blocks
In NR, the UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions. In another word, two SSBs with the same index shall not transmitted in one SSB burst set, also UE may not assume two SSBs QCLed with each other in one SSB burst set in R15.
However, in NR-U the SSB which is supposed to have QCL relation with the previous transmitted one by the same block index, may have a different index due to LBT outcome if SSB index up to 64 is adopted for timing.  It is agreed that the maximum number of transmitted SSBs is [X] within DRS transmission window and X <= 8 which is similar as in NR FR1. So, the actual transmitted SSB index could also be used for QCL relation assumption after calculation (mod X). Thus, UE could assume the QCL relation in a similar way as in NR. 
Observation 2: SSB index expanding has no significant impact on UE QCL relation assumption.

2.3 Actual transmitted SSB indication in NR-U
In NR, 16 bits information for actual transmitted SSB is agreed in the RMSI because it is argued that 64 bits full bitmap payload is too much. Thus, SSB in one burst set is divided into 8 groups with maximum 8 SSBs in one group for L=64, while this is also true for L=8 in which can be treated as one group case, as well as for L=4 case. 
In NR-U, if the maximum candidates number Y=64, and X=8 or 4, then the similar way could be adopted for indication of actual transmitted SSB. 
However, when the above candidates SSB index Y is introduced, the actual transmitted SSBs may begin from almost any index number within Y due to LBT and transmitted in a similar cyclically wrapped way within a DRS window. Then the SSBs in one DRS window could be transmitted in two consecutive groups which should have different transmitting bitmap in group, so the method in NR have to be modified for such indication. 
Proposal 1: RAN1 should study the indication of actual transmitted SSB in NR-U due to LBT.

2.4 SSB repetition for soft combining.
In NR, whether SSB beam repetition of different SSBs indices is supported or not was discussed in RAN1#90, it is agreed that by default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different indices are QCLed, so that repetition within one SSB burst set is not specified in R15 due to the impact on other definition such as QCL and repetition indication design.
In NR-U, due to LBT, the repletion among different DRS windows could not be promised, so that supporting SSB beam repetition in the same DRS window may be necessary. Besides, the number of required NR-U DL beams may be less than that in NR, where L max could be 8 for 6GHz. Thus, for example, if the maximum number of transmitted SSBs is 4 within a DRS transmission window, then a dual repetition could be considered for soft combining within that window, although we do not think such repletion is a high priority feature.
Observation 3: SSB index expanding should have little impact on UE for QCL relation assumption.

2.5 Time domain aspect of SSB in NR-U
As discussed in our contribution in last meeting, candidate SSBs have fixed specified positions as in NR FR2, so we do not think the shift granularity should be an issue anymore. Thus, we propose to define the SSB burst set periodicity and the DRS window length firstly, and after the about points are clear, the duration of DRS transmission window could be confined within a DRS period, such as not more than 1/2 of the DRS period length considering the UE power consumption.
Proposal 2: Duration of DRS transmission window should be confined to a certain ratio in the DRS period length.

SSB with RMSI/Paging/OSI in NRU
As discussed in our proposal in R1-1807208, the multiplexing pattern of SSB with RMSI should be reconsidered in NR-U, in which FDM should be the unified design for FR1 and FR2 for LBT and DRS design consideration. Paging and OSI should follow NR design as start point，however, FDM configuration with SSB is also beneficial.
Proposal 3: FDM of SSB with other signal/channels is preferred.

Conclusion
In this contribution, we discuss the method SSB design in time domain for NR-U and based on the above discussion we provide the following proposals.
Observation 1: NR-U UE need decode full SSB index for timing deriving.
Observation 2: SSB index expanding has no significant impact on UE QCL relation assumption.
Observation 3: SSB index expanding should have little impact on UE for QCL relation assumption.
Proposal 1: RAN1 should study the indication of actual transmitted SSB in NR-U due to LBT.
Proposal 2: Duration of DRS transmission window should be confined to a certain ratio in the DRS period length.
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