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Introduction
In RAN1 #92 meeting, stand-alone NR-U deployment scenarios for NR unlicensed operation is agreed to study [1], further in RAN1 #92 bis, the following design need be considered including the SS/PBCH[2]:
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range
In RAN1 #93，the following agreements are achieved in [3]. 
Agreement:
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access
In this contribution, potential enhancement to NR initial access to support NR unlicensed SA operation will be discussed especially on techniques for LBT based SSB design and transmission, also how to handle reduced SS/PBCH block transmission opportunities due to LBT failure and the mapping rule between SSB and RACH resources, etc.
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 UE performance for synchronizing, 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 0r 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, such as LBT mechanism in time, frequency and beam domain. In RAN#80, it is agreed to reduce the scope of the SI to FR1 and focus on 5GHz and 6GHz bands before closure of SI. So, considering the complicity and TU left, we think beam based LBT should be studied with low priority, it can be focused on the time and frequency domain first.
2.1 Numerology 
In NR initial access discussion, considering the low frequency bands,15 kHz SCS are agreed to be one numerology in FR1, the other is 30 kHz. However, in NR-U the working frequency bands are 5GHz and 6GHz. In addition, it is agreed to reduce the scope of the SI to FR1 in last RAN plenary meeting, hence it is reasonable to introduce the 60 kHz SSB/RMSI to NR-U to support the NR-U working bands and to remove the 15 kHz from the SSB design to reduce complexity. Furthermore, larger subcarrier spacing could reduce the SSB time duration which in turn can increase the transmission opportunities, which will be discussed in later chapter.
Proposal 1: 30 kHz and 60 kHz SSB/RMSI design should be considered in NR-U.

2.2 SSB time domain design for NR-U
SSB transmission bandwidth in NR had considered the minimum UE bandwidth, however in NR-U, 20MHz minimum bandwidth seems to be a common case, so 3 symbols SSB design with one symbol PBCH could be discussed and considered.
Another aspect is that the symbol mapping gap of the two adjacent SSB in NR considered the UL transmission opportunity in a slot for low latency traffic, which is not a obvious use case in NR-U. The Fig.1 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 in case A. In the first slot, SSB#0 locates in the symbol #2 ~ #5 and SSB#1 locates in the symbol #8~#11. 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. Therefore, SSBs within 1 ms duration could be designed to be in contiguous symbols.
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Fig.1, Normal SSB location in NR
Proposal 2: SSB symbol mapping should be discussed to adapt the NR-U deployment.

2.3 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 options to introduce more candidate opportunities of the SSB transmissions:

Option 1: Increase candidates in the SSB burst set.
In NR FR1, SSBs are transmitted in take 1 or 2 ms position in one half radio frame except the case of L=8 and with 15 kHz SCS. When LBT is considered, we could increase the SSB positions in a window of one half radio frame with a fixed backup SSB candidates. However, keep the maximum actual transmitted SSB to be fixed as the L in NR. Take the L=8, with 30 kHz SCS as example, the SSB could be transmitted in every subframe.  Yet the total number of actual transmitted SSB number should be limited to L. Once the SSB is blocked due to LBT failure, the backup candidate can be transmitted when LBT is successful in the window. Therefore, the SSB index should be expanded, also the window size should be discussed.  

Option 2: cyclic shift of normal SSB 
Based on Fig.1, we take 15 kHz SCS case as example, with cyclic shift of normal SSB, there is a special signal, e.g., SSS, whose symbol is fixed and not shifted. While other symbols will be shifted around SSS symbol. It can be seen in Fig.2 below. 
· Cyclic shift #1 of SSB#1 locates from symbol #7~#10 with transmission of PBCH-PSS-PBCH-SSS. 
· Cyclic shift #2 of SSB#1 locates from symbol #8~#12 with transmission of SSS-PBCH-PSS-PBCH. 
· Cyclic shift #3 of SSB#1 locates from symbol #9~#13 with transmission of SSS-PBCH-PSS-PBCH.
And with cyclic shift of normal SSB, the SSB index is defined by the symbol index of SSS in each SSB. It means that the more candidate positions of SSB transmission have same SSB index with the normal SSB. With this method, the PBCH payload for SSB index is not increased.
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Fig.2, Cyclic shift of normal SSB#1
Option 3: Parallel shift of normal SSB
With parallel shift of normal SSB, the symbol location of all signals in the SSB are shifted. And the SSB index can be indicated by the normal SSB index plus the shift value according to the normal SSB. It can be seen in Fig.3 below.
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Fig.3, Parallel shift of normal SSB#1
· Parallel shift #1 of SSB#1 locates from symbol #7~#10 with transmission of PSS-PBCH-SSS-PBCH. 
· Parallel shift #2 of SSB#1 locates from symbol #6~#9 with transmission of PSS-PBCH-SSS-PBCH. 
· Parallel shift #3 of SSB#1 locates from symbol #9~#12 with transmission of PSS-PBCH-SSS-PBCH. 
· Parallel shift #4 of SSB#1 locates from symbol #10~#13 with transmission of PSS-PBCH-SSS-PBCH. 
With parallel shift of normal SSB, it is necessary to indicate the shift value to the UE for DL synchronization. If L = 4 or 8, the reserved bit for SSB index can be used to indicate the shift value. It is also possible that the new SSBs can have an independent SSB index which is mapped with the time location of each new SSB uniquely.
With above methods, the transmission opportunities for SSB can be increased considering LBT failure. Thus, in addition to LBT mechanism, we suggest that solutions to introduce more candidate positions for SSB transmission should be studied.
Proposal 3: NR-U should study the mechanism to introduce more candidate positions for SSB transmission.

In Rel-15 NR a mapping rule between “actually transmitted SS/PBCH block(s)” and a combination of random-access occasions (RO) and preambles is configured. The signaling for indicating “actually transmitted SS/PBCH block(s)” is RMSI by higher layer. While in NR-U, the transmission of a SSB can not be guaranteed because of LBT failure. If there is a SSB indicated in “actually transmitted SS/PBCH block(s)”, there will be some ROs and preambles reserved for this SSB even though this SSB is not transmission finally due to LBT failure. In this case, some ROs and preambles will be wasted.
In order to reduce the problem, more than one candidate positions of SSB share a resource pool of ROs and preambles. It means that, each candidate SSB group share one combination of ROs and preambles. And in each candidate SSB group, there is a primary SSB and the signaling of “actually transmitted SS/PBCH block(s)” will indicate the SSB index of the primary SSB.  If the primary SSB is indicated in the “actually transmitted SS/PBCH block(s)”, UE assumes that at most one SSB in this SSB group is transmitted during this period.
For example, we can see Fig.3, the SSB group#1 is compose of SSB#1, parallel shift #1 to parallel shift #4 of SSB#1. And the primary SSB in the SSB group#1 is SSB#1. If SSB #1 is indicated in the signaling of “actually transmitted SS/PBCH block(s)”, it is possible that SSB#1 is transmitted, or any parallel shift of SSB#1 is transmitted, or there is no SSB in this group is transmitted. It is depends on the time of LBT successes.  
With this method, the mapped ROs and preambles will not be wasted if only one SSB in the SSB group is transmitted successfully. Thus, we propose to study SSBs in one SSB group share a combination of ROs and preambles to increase the RACH resource efficiency.
Proposal 4:  Study SSBs in one SSB group share a combination of ROs and preambles to increase the RACH resources efficiency in NR-U.

2.4 SSB Multiplexing with RMSI
As discussed in our proposal 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 in the future.
Proposal 5:  FDM of SSB and RMSI in FR1 should be supported.

Conclusion
In this contribution, we discuss the method SSB design in time domain for NR-U, the mapping rule of SSB and RACH resources and the multiplexing pattern between SSB and RMSI. Based on above discusses, we provide the following proposals.
[bookmark: _GoBack]Proposal 1: 30 kHz and 60 kHz SSB/RMSI design should be considered in NR-U.
Proposal 2: SSB symbol mapping should be discussed to adapt the NR-U deployment.
Proposal 3: NR-U should study the mechanism to introduce more candidate positions for SSB transmission.
Proposal 4: Study SSBs in one SSB group share a combination of ROs and preambles to increase the RACH resources efficiency in NR-U.
Proposal 5:  FDM of SSB and RMSI in FR1 should be supported.
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