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Introduction
In RAN1 #94 meeting, several agreements are approved for NR-U initial access as in [1]:
Agreement:
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB
Agreement:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands

In this contribution, potential mechanisms for LBT based SSB transmission for initial access to support the NR unlicensed SA operation are discussed.
SS/PBCH blocks transmission for NR-U SA 
1 
2 
Synchronization signal transmission is one of the main items for initial access to be discussed in SA NR-Unlicensed item, in which LBT shall be considered due to mandatory regulations in some regions as what had discussed in unlicensed band. However, uncertainty of synchronization signal transmission due to LBT failure could reduce the UE performance for synchronization, paging reception, measurement, etc. Potential solutions should be studied to keep the SSB periodicity to be approximately the same as in NR.
In NR, SSB burst set is transmitted within a half frame with a periodicity as {5ms, 10ms, 20ms, 40ms…160ms}. The maximum number of SSB in each SSB burst set is L (L=4, 8 for FR1 or 64 for FR2). The SSB index in each SSB burst set is indicated by the DMRS sequence in FR1 or by the DMRS sequence and PBCH payload in FR2. From the SSB index and the fixed time location of each SSB, UE can achieve DL synchronization with the network. 
To consider the LBT in NR-U SSB transmission, several aspects should be studied to increasing the SSB transmission opportunities.

2.1 Increasing SSB transmission opportunities
LBT should be performed before SSB transmission in NR unlicensed operation. Because of LBT failure, the SSB transmission opportunities will be reduced and the initial access delay will be increased. To increase the SSB transmission opportunities, one way is to apply a fast LBT mechanism, e.g., LBT cat.2. The other way is to increase the number of candidate positions of SSB transmission like the DRS transmission in LAA. There are several candidate mechanisms to transmit SSBs dropped due to LBT failure as discussed in last meeting and obviously flexible position of SSB index and indicate the timing information to UE is an ideal choice, however, due to the indication should be included in the SSB as in NR, the indication information is very limited. Thus, some timing aspects should be fixed to reduce the information indicated, two options could be considered as in below: 
[bookmark: _Hlk525811453]Option 1: Fixed SSB candidates position with extra index
As agreed in RAN1#94, it is agreed that many benefits could be seen to operate all DL signal/channels with the same numerology. Furthermore, considering the frequency bands of NR-U, 30k may be suitable. So, we assume the 30k SCS is used for SSB in NR-U FR1 in the following discussion.
In NR FR1 above 3GHz, SSBs are transmitted over 1 or 2 ms in one half radio frame for 30 kHz SCS. When LBT is considered, we could increase the SSB positions in a window of a half radio frame with a pack of fixed SSB candidates which index is extended to 16 or even more. We are open to define the side of the window, which could be more than 5ms, and number of candidates. However, the timing position of each SSB candidates should be fixed for UE synchronization. In such design as in figure 1, the index may be defined base on the NR SSB index principle with extra indication of the candidates’ position, or extending the index with fixed position, but in anyway the index should be conveyed in the payload and DRMS of PBCH. For example, the index could use the reserved codewords or codewords which may not be used in NR-U any more, such as the TDM information of multiplexing SSB with RMSI. Because as discussed offline, FDM of SSB and RMSI is beneficial although it is not agreed in last meeting.
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Figure1：Fixed SSB candidates 

Option 2: shifting of normal SSB 
A shifted SSB could be transmitted when LBT failure occurs of the normal SSB, and the index of the shifted SSB remains unchanged. Then the shifting information should be transmitted to UE for synchronization. Still some information bits for indicating the shifting should be included in the SSB or signal transmitted together as the DRS if it is agreed in the DRS discussion. 
If the shifting information should be transmitted in the PBCH/DM-RS, we propose option 1 other than option 2 because the standard changing is not much. 
However, shifting could be more flexible than the fixed position in option1, if the indication of SSB shifting is not a problem, option2 is preferred.
Proposal 1: Fixed SSB candidates position with extra index could be considered to increasing the SSB transmission opportunities in NR-U.
It should be noticed that in both option 1 and 2, the QCL assumption from the detected SSB is clear to UE.

2.2 SSB symbol mapping in NR-U
The gap of two adjacent SSB symbol mapping in one slot in NR had considered the UL transmission opportunity for low latency traffic, however, it is not an obvious use scenario in NR-U. The Fig.2 in below shows the NR SSB time location with different subcarrier spacing and L. For example, there are 2 normal SSB locations in each slot. For case C, in the first slot, SSB#0 locates in the symbol #2 ~ #5 and SSB#1 locates in the symbol #8~#11. However, in case B, the two adjacent SSBs in one slot has no gap at all. Considering the LBT in unlicensed band, it is better that SSB#0 and SSB#1can be transmitted continuously with in one channel occupancy time if beam based LBT is not introduced in NR-U FR1. However, if beam based LBT is introduced, there should be a gap in between, so the SSB symbol mapping of L=4 and L=8 should be united according to a certain LBT mechanism. 
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Fig.2, Normal SSB location in NR
Proposal 2: SSB symbol mapping should be united in the NR-U design.

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 baseline, 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.
Proposal 1: Fixed candidates SSB position with extra index could be considered to increasing the SSB transmission opportunities in NR-U.
Proposal 2: SSB symbol mapping should be united for the NR-U design.
Proposal 3: FDM of SSB with other signal/channels is preferred.
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