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Introduction
In past RAN1 meetings, the following agreements [1], [2] were made related to initial access procedure for NR-U:
Agreement (1):
· [bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK58][bookmark: OLE_LINK59]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:
· [bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Alt-1: Shift SSB(s) in time to the next transmission instance 
· [bookmark: OLE_LINK71]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 (2):
For SSB transmissions as part of DRS:
· [bookmark: OLE_LINK62][bookmark: OLE_LINK63]It is considered beneficial to expand the maximum number of candidate 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 
[bookmark: _Ref228947482]Discussion 
Frame timing acquisition from detected SSB 
[bookmark: OLE_LINK64][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74]During NR-U study item, several candidate mechanisms for SSBs transmission to address the issue SSB dropped due to LBT failure were discussed, as listed in agreement (1) introduced in section 1. One additional mechanism was also discussed, list as Alt-4 below:
· 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.
· Alt-4: Fixed SSB positions but introduce additional indices (e.g., up to 16).
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Figure 1 Candidate mechanisms for SSBs transmission

[bookmark: OLE_LINK122][bookmark: OLE_LINK123]In NR, an SSB index is used for identify both a candidate SSB position and a beam. A UE acquires frame timing from a received SSB with an SSB index, due to an SSB index identify a unique SSB candidate position (time frequency resource) in a half frame. As a beam identifier, SSB index is used in random access procedure, beam management, RLM, RRM. 


Figure 2 Application of SSB index in NR

[bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK108][bookmark: OLE_LINK109]According to the above alternative mechanisms, as shown in figure 3, the increased transmission opportunities for the dropped SSB will either decouple the one to one mapping relationship between an SSB index and a candidate position, as Alt.1, Alt.2, Alt.3 or decouple the one to one mapping relationship between an SSB index and a beam, as Alt.4, additional modification is necessary. Down selection should base on the solution for timing acquisition or QCL assumption.


Figure 3 Impact of the mechanisms on current SSB index application

A simple way to solve the timing issue for Alt.1, Alt.2, and Alt.3 is that the gNB provides additional timing information. Considering the UEs should acquire the framing timing during initial access procedure, the additional information can only be delivered by PBCH, changing PBCH payload need to be considered carefully since it is already large enough in NR. Especially for Alt.3, it may need a large number of bits for a code point with each point stand for an SSB index with one candidate position, even the necessity of support such flexible SSB position is unclear. 
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84]Based on the cyclical design in Alt.2, an SSB index can be derived from the SSB position identifier and the number of SSBs in an SSB burst in a cell.
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]SSB index = (the SSB position identifier) mod (the number of SSBs in an SSB burst in a cell)
For example, the number of SSBs in a burst is 4 in a cell, the SSB transmitted on the SSB position 6 is the SSB with the SSB index 2 (6 mod 4 =2). 
[bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Hence, the timing acquisition issue can be addressed by PBCH DMRS (or PBCH DMRS and PBCH payload) indicate the SSB position identifier which is a new SSB position identifier instead of SSB index in NR, such as position index, and the SSB index for being a beam identifier can be calculated accordingly, as shown in figure 4.


Figure 4 Timing issue addressed by a new SSB position identifier for Alt.2

On the other hand, in order to solve the decoupled one to one mapping between SSB index and beam for Alt. 4, additional index for beam identifier need to be introduced in NR-U, this may has a big impact on the spec., since the beam identifier (SSB index in NR) is involved in numerous procedures, such as RA, BM, RLM and RRM, several specifications need to be modified.  
By contrast, Alt. 2 with modified SSB index derivation method may have less impact on current specification, due to the SSB position identifier is only related to timing acquisition. 
According to the discussion, we have the following proposals:

[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK130][bookmark: OLE_LINK131][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Proposal 1: Alt. 2, cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission should be supported in NR-U.

[bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 2: If Alt.2 is supported, modify PBCH DMRS or PBCH DMRS and PBCH payload to indicate a new SSB position identifier instead of an SSB index for framing timing acquisition, and the SSB index is calculated from the SSB candidate position index via
SSB index = (the SSB position identifier) mod (the number of SSBs in an SSB burst in a cell)

Contention free RACH for SR 
In unlicensed band, periodic transmission cannot be guaranteed due to channel access requirement. Moreover, configuring periodic PUCCH may largely restrict the flexibility of DL/UL switching. In that sense, periodic PUCCH may not be the best option for transmission of UCI including SR in unlicensed band. Compared to PUCCH in licensed band, requirement of a minimum bandwidth of 2 MHz is another disadvantage of PUCCH for small size of UCI.

[image: ]
Figure 5 CFRA for SR

In Rel-15 NR, when there is no valid PUCCH resource for SR, UE will initiate 4-step contention based RACH upon UL data arrival. 4-step means 4 times of LBT. It may cause a large delay depend on the condition of channel access. Contention free RACH for SR as shown in Figure 5 can be used to reduce periodic PUCCH without increasing LBT.

Observation 1: Periodic PUCCH is not suitable to be used in unlicensed band.
Proposal 3: Define CFRA for SR to enable reduction of periodic PUCCH without increasing the number of LBT.

Conclusions
In this contribution, we discussed the frame timing acquisition method during initial access procedure and SR enhancements. Based on the above discussion, we have following observation and proposals,
[bookmark: _GoBack]Proposal 1: Alt. 2, cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission should be supported in NR-U.
Proposal 2: If Alt.2 is supported, modify PBCH DMRS or PBCH DMRS and PBCH payload to indicate a new SSB position identifier instead of an SSB index for framing timing acquisition, and the SSB index is calculated from the SSB candidate position index via
SSB index = (the SSB position identifier) mod (the number of SSBs in an SSB burst in a cell)
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Observation 1: Periodic PUCCH is not suitable to be used in unlicensed band.
Proposal 3: Define CFRA for SR to enable reduction of periodic PUCCH without increasing the number of LBT.
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