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Introduction
[bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK247]In past RAN1 meetings, the following agreements [1], [2], [3], [4] were made related to initial access procedure for NR-U:
Agreement:
· [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:
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 

Agreement:
For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


	
	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


	
	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data



Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows
[bookmark: _Ref228947482]Discussion 
Frame timing and QCL determination 
[bookmark: OLE_LINK64][bookmark: OLE_LINK206][bookmark: OLE_LINK207][bookmark: OLE_LINK208][bookmark: OLE_LINK204][bookmark: OLE_LINK205]During NR-U SI, extending SSBs candidate positions within DRS transmission window was identified as beneficial to address SSB dropped due to LBT failure. However, in Rel.15 NR, one SSB index identifies one candidate SSB position and one beam simultaneously. The extended candidate positions for the dropped SSB will either decouple the one to one mapping relationship between an SSB index and a candidate position or an SSB index and a beam index in NR-U. 


Figure 1 Application of SSB index in Rel.15 NR

The proposed cyclical design of SSBs transmission in figure 2 provide a convenience that an SSB index can be calculated by the SSB position index and the number of non-QCLed SSBs.
The SSB index = (the SSB position index) mod (the number of non-QCLed SSBs)



Figure 2 cyclically wrap the SSBs dropped due to LBT failure

The maximum number of candidate SSB positions within a DRS transmission window limited in 64 was agreed, and the combination of PBCH DMRS sequence index and PBCH payload in NR is already able to indicate 64 SSB indices. Hence, reusing Rel.15 NR mechanism that deriving frame timing via the PBCH DMRS sequence index and PBCH payload which identify a candidate SSB position is a straight way in NR-U.  
Then, an SSB index can be derived from the acquired SSB position index as mentioned above. Same as NR, the SSB index here is still represent a beam identifier, the QCL assumption in NR that SSBs with the same SSB index are QCLed can be directly reused in NR-U. This way will minimize the spec effort, since the beam identifier (SSB index in NR) is involved in numerous procedures, such as RA, BM, RLM and RRM. If introduce a new beam identifier, several specifications need to be modified.

[bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK252][bookmark: OLE_LINK294]Proposal 1: UE acquires the framing timing via the PBCH DMRS sequence index and PBCH payload which indicate a candidate SSB position index.

Proposal 2: Reusing the Rel.15 QCL assumption in NR-U, the SSBs with same SSB index are QCLed. The SSB index is calculated from the candidate SSB position index via
[bookmark: OLE_LINK233][bookmark: OLE_LINK234]The SSB index = (the candidate SSB position index) mod (the number of non-QCLed SSBs).

The QCL assumption across DRS transmission windows was discussed in the last meeting. Based on the discussion above, PBCH DMRS sequence index is utilized to indicate the candidate position index. As a result, the PBCH DMRS sequence index in SSBs located in the same candidate position across DRS transmission windows should be the same.

[bookmark: OLE_LINK253]Proposal 3: For a given cell, UE may assume SSB in the same candidate position within the DRS transmission window are QCLed across DRS transmission windows.
· The PBCH DMRS sequence index is also the same.
[bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK238][bookmark: OLE_LINK239][bookmark: OLE_LINK240]There may be some concerns about decoding PBCH payload when perform neighbor cell measurements. Due to the maximum number of transmitted SSBs is limited in 8, the number of non-QCLed SSBs will not exceed 8. If the predefined maximum number of non-QCLed SSBs per frequency range is selected from 1, 2, 4, 8, (i.e., 2n), the SSB index can only be derived from the PBCH DMRS sequence index, i.e., the 3 LSBs of the candidate SSB position index. 
The SSB index = (the DMRS sequence index) mod (the maximum number of non-QCLed SSBs)
[bookmark: OLE_LINK241][bookmark: OLE_LINK242][bookmark: OLE_LINK243][bookmark: OLE_LINK244]Then, UE is no need to decoding PBCH payload when performing neighbor cell measurement.

[bookmark: OLE_LINK254][bookmark: OLE_LINK255][bookmark: OLE_LINK322][bookmark: OLE_LINK323][bookmark: OLE_LINK324]Observation 1: If the predefined maximum number of non-QCLed SSBs per frequency range is selected from 1, 2, 4, 8, (i.e., 2n), the SSB index can be derived via
The SSB index = (the DMRS sequence index) mod (the maximum number of non-QCLed SSBs)
and UE is no need to decoding PBCH payload when performing neighbor cell measurement.

Indication of candidate SSBs
In NR Rel-15, to improve resource efficiency and guarantee coverage for different scenarios, transmitted SSBs can be configurable, as a subset of candidate SSBs, and is indicated by ssb-PositionsInBurst.
For NR-U, considering an SSB at a certain time position may be blocked due to LBT failure, the number of candidate SSBs would be increased compared with NR Rel-15. Following the consideration in NR Rel-15, the actual candidate SSBs for transmission based on LBT outcome should also be configurable. However, as the legacy indication cannot be used directly, further discussion is needed.

Support for full range of X
As per agreement above in RAN1#94bis meeting, the maximum number of transmitted SSBs is [X] within DRS transmission window and X <= 8.
It is up to gNB how to perform LBT for SSB transmission, i.e. which channel access type or priority to be used for SSB transmission. SSB transmission based on cat-2 LBT or cat-4 LBT should be considered separately.
If gNB uses Cat 2 LBT, SSB transmission should be under the restriction that duty cycle <= 1/20, and the total duration is up to 1 ms. So in this case, X could be 2 for 15kHz SCS and 4 for 30 kHz SCS. If gNB adopts Cat-4 LBT, there’s no restriction as that for Cat 2 LBT, so X could be 8.

[bookmark: OLE_LINK325][bookmark: OLE_LINK326]Proposal 4: The maximum number of transmitted SSBs within DRS transmission window is X as follows:
· For Cat 2 LBT, X = 2 for 15 kHz and X = 4 for 30 kHz.
· For Cat 4 LBT, X = 8.

According to the above, there may be different X values for Cat 2 and Cat 4 LBT. In addition, even though there’s upper limitation on the maximum number of transmitted SSB, e.g. 2/4 for Cat 2 LBT and 8 for Cat 4 LBT, gNB could transmit less. For example, gNB may transmit up to 4 SSBs (Z=4, Z donates the actual maximum number of transmitted SSBs) although it uses Cat-4 LBT for SSB transmission (X=8). Therefore, considering that SSB (with data in DRS) and some other data which is not a part of DRS may be transmitted within the same COT, gNB should indicate the the maximum number of transmitted SSBs, i.e. X, or the actual maximum number of transmitted SSBs, i.e. Z, to UE, so that UE can receive DL data according to this information. 

[bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK321]Proposal 5: gNB should indicate the maximum number of transmitted SSBs to UE. Assuming X is the upper limitation with different value for Cat 2 LBT and Cat 4 LBT, two alternatives should be considered.
· Alt. 1: The maximum number of transmitted SSBs within DRS transmission window X. 
· Alt. 2: The actual maximum number of transmitted SSBs within DRS transmission window Z (Z<=X).
[bookmark: OLE_LINK257][bookmark: OLE_LINK258]

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 3 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 2: Periodic PUCCH is not suitable to be used in unlicensed band.

Proposal 6: Define CFRA for SR to enable reduction of periodic PUCCH without increasing the number of LBT.

Conclusions
In this contribution, we discussed DRS frame structure involve SSB transmission, QCL assumption and frame timing acquisition, and SR enhancements. Based on the above discussion, we have following observations and proposals,
[bookmark: OLE_LINK250][bookmark: OLE_LINK251]Proposal 1: UE acquires the framing timing via the PBCH DMRS sequence index and PBCH payload which indicate a candidate SSB position index.
Proposal 2: Reusing the Rel.15 QCL assumption in NR-U, the SSBs with same SSB index are QCLed.  The SSB index is calculated from the candidate SSB position index via
The SSB index = (the candidate SSB position index) mod (the number of non-QCLed SSBs).
Proposal 3: For a given cell, UE may assume SSB in the same candidate position within the DRS transmission window are QCLed across DRS transmission windows.
· The PBCH DMRS sequence index is also the same.
Observation 1: If the predefined maximum number of non-QCLed SSBs per frequency range is selected from 1, 2, 4, 8, (i.e., 2n), the SSB index can be derived via
The SSB index = (the DMRS sequence index) mod (the maximum number of non-QCLed SSBs)
and UE is no need to decoding PBCH payload when performing neighbor cell measurement.
Proposal 4: The maximum number of transmitted SSBs within DRS transmission window is X as follows:
· For Cat 2 LBT, X = 2 for 15 kHz and X = 4 for 30 kHz.
· For Cat 4 LBT, X = 8.
[bookmark: OLE_LINK297][bookmark: OLE_LINK298][bookmark: OLE_LINK299][bookmark: OLE_LINK300]Proposal 5: gNB should indicate the maximum number of transmitted SSBs to UE. Assuming X is the upper limitation with different value for Cat 2 LBT and Cat 4 LBT, two alternatives should be considered.
· Alt. 1: The maximum number of transmitted SSBs within DRS transmission window X. 
· [bookmark: _GoBack]Alt. 2: The actual maximum number of transmitted SSBs within DRS transmission window Z (Z<=X).
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Observation 2: Periodic PUCCH is not suitable to be used in unlicensed band.
Proposal 6: Define CFRA for SR to enable reduction of periodic PUCCH without increasing the number of LBT.
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