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1. Introduction
In past RAN1 meetings, the following agreements 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_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][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

[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93]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 
· [bookmark: OLE_LINK371][bookmark: OLE_LINK372]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 [3]:
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84]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



[bookmark: OLE_LINK7]Agreement [5]:
The maximum DRS transmission window duration is 5 ms.
· [bookmark: OLE_LINK151][bookmark: OLE_LINK152]The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· [bookmark: OLE_LINK153][bookmark: OLE_LINK154][bookmark: OLE_LINK155]Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

Agreement [5]:
[bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: _Ref228947482][bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK94][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98]UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).

Agreement[6]:
The mechanism to determine serving cell timing is as follows: 
· The SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS of the 3 available bits in the PBCH payload (not in MIB) originally used in Rel-15 FR2 for MSB SSB index 
· 10-bits SFN and half-frame indicator are indicated as in Rel-15 
· PBCH payload size is not increased compared to Rel-15
· FFS: Whether reuse of other available bits in PBCH payload is also required for timing determination
If the UE is required to perform PBCH decoding of neighbor cell(s) (e.g., in asynchronous deployments), an explicit time allowance for acquisition of SSB index is provided to the UE 

Agreement[6]:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index 
· FFS: How Q is indicated or determined
· FFS: Restriction on the range of Q.
Note: Neighbor cell RRM measurements will be addressed separately
2. Discussion
[bookmark: OLE_LINK274][bookmark: OLE_LINK363][bookmark: OLE_LINK364][bookmark: OLE_LINK64]
2.1. Cell timing acquisition and QCL relation between SSBs
In the last RAN1 meeting, for cell timing acquisition, it was agreed that the SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS in the PBCH payload (not in MIB). In addition, for a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE. The following details were identified to be further discussed. 
· FFS: Whether reuse of other available bits in PBCH payload is also required for timing determination
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined
· FFS: Restriction on the range of Q
[bookmark: _GoBack]Firstly, regarding the first FFS point related to timing determination, because 1 bit/2 bits for 15 kHz SCS/30 kHz SCS is included in the PBCH payload, there’s 3-bit information necessary for SSB position index to be indicated by other ways, and at least a part of the 3-bit information is carried by PBCH DMRS sequence. Similar to Rel-15 NR, all the 3-bit information could be carried by PBCH DMRS sequence, as shown in Table 1. Therefore, UE can determine the cell timing based on Rel-15 NR procedure. In this case, it’s not necessary to reuse other available bits in PBCH payload for timing determination. 
Table 1: SSB position index indication
	SS/PBCH block position index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	2 bits in PBCH payload
	0
	1
	2

	PBCH DMRS sequence index
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3


Secondly, regarding the three FFS points related to QCL relation, considering that maximum transmitted SSBs is 8 within a DRS transmission window, Q could be up to 8. And for more flexibility, the range of Q could be from 1 to 8. In this case, A in modulo(A, Q) for QCL relation determination should be the SSB candidate position index, so that the non-QCLed SSBs are cyclically mapped to the candidate SSB positions for all the candidate value of Q.
The value of Q can be indicated by SIB1 or dedicated RRC signaling for RLM or RRM measurement. It is unnecessary to be indicated by PBCH. Because for SSB detection in initial access, UE could assume Q = 8 and SSBs with same PBCH DMRS index across DRS transmission window are QCLed, and perform PBCH combination based on QCLed SSBs or non-QCLed SSBs. 
Proposal 1: For cell timing acquisition, PBCH DMRS sequence is used for indicating 3-bit information of SSB position index. It is unnecessary to reuse other available bits in PBCH payload for timing determination.
Proposal 2: UE should assume a QCL relation between two detected SSBs having same value of modulo(A, Q). The two SSBs are detected across DRS transmission windows or within a DRS transmission window.
· A is the SSB candidate position index.
· The range of Q is {1, 2, 3, 4, 5, 6, 7, 8}.
· Q can be indicated by SIB1 or dedicated RRC signaling and. If it is not indicated, UE could assume Q = 8.
2.2. Indication of candidate SSBs/DRS transmission window
[bookmark: OLE_LINK184][bookmark: OLE_LINK185][bookmark: OLE_LINK177][bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK180][bookmark: OLE_LINK186][bookmark: OLE_LINK187]In RAN1#96bis meeting, DRS transmission window configuration was noted as FFS, with respect to whether/how to support configurable DRS transmission window. 
[bookmark: OLE_LINK182][bookmark: OLE_LINK183][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Configurable DRS transmission window is beneficial to improve resource efficiency, reduce UE complexity for SSB detection, as well as guarantee coverage for different scenarios. For the same reason, NR Rel-15 already supports to indicate transmitted SSBs by ssb-PositionsInBurst, thus it is straightforward to reuse this indication method. However, since the maximum number of candidate SSB positions within a window is 10 for 15 kHz and 20 for 30 kHz for NR-U, the length of bit-map in ssb-PositionsInBurst needs be extended and different SCS can correspond to different bit-map length.
[bookmark: OLE_LINK235][bookmark: OLE_LINK236][bookmark: OLE_LINK237][bookmark: OLE_LINK282][bookmark: OLE_LINK283][bookmark: OLE_LINK284][bookmark: OLE_LINK285][bookmark: OLE_LINK286][bookmark: OLE_LINK287]Proposal 3: NR-U should support configurable DRS transmission window by reusing ssb-PositionsInBurst in NR Rel-15.
· The length of bit-map in ssb-PositionsInBurst should be extended and different SCS can correspond to different bit-map length.
2.3. Support for full range of X
[bookmark: OLE_LINK181][bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK373][bookmark: OLE_LINK374][bookmark: OLE_LINK375]As per agreement above in RAN1#94bis meeting, the maximum number of transmitted SSBs is [X] within a DRS transmission window and X <= 8.
In general, the maximum number of transmitted SSBs within a window depends on the SCS of SSB, and the restriction on duty cycle and transmission duration subject to channel access type/priority. For example, 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 1ms (as in LAA). So in this case, the maximum number of transmitted SSBs within a window could be 2 for 15kHz SCS and 4 for 30 kHz SCS. But if gNB adopts Cat-4 LBT, there’s no restriction as that for Cat 2 LBT, so the maximum number of transmitted SSBs within a window could be 8. Since the SCS and channel access type/priority are up to gNB implementation, X should be 8 for more flexibility. 
Under the restriction on the maximum number of transmitted SSBs within a DRS transmission window, gNB may transmit less within a window. For example, gNB may transmit up to 4 SSBs for 15 kHz although it could transmit up to 8 SSBs by Cat-4 LBT. 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 actual maximum number of transmitted SSBs, i.e. Z, to UE, so that UE can receive DL data according to this information, and this information is also beneficial for measurement. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal 4: For more flexibility of gNB implementation, the maximum number of transmitted SSBs within DRS transmission window, i.e. value of X,  should be 8 for 15/30 kHz SCS.
[bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK321]Proposal 5: To assist UE’s DL data reception and measurement, gNB should inform UE of the actual maximum number of transmitted SSBs within DRS transmission window, i.e. value of Z (Z<=X, X = 8). 

2.4. Contention free RACH for SR 
[bookmark: OLE_LINK271][bookmark: OLE_LINK272]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 1 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 1 can be used to reduce periodic PUCCH without increasing LBT.

Observation 1: 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.

3. Conclusion
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 observation and proposals,
[bookmark: OLE_LINK250][bookmark: OLE_LINK251]Proposal 1: For cell timing acquisition, PBCH DMRS sequence is used for indicating 3-bit information of SSB position index. It is unnecessary to reuse other available bits in PBCH payload for timing determination.
Proposal 2: UE should assume a QCL relation between two detected SSBs having same value of modulo(A, Q). The two SSBs are detected across DRS transmission windows or within a DRS transmission window.
· A is the SSB candidate position index.
· The range of Q is {1, 2, 3, 4, 5, 6, 7, 8}.
· Q can be indicated by SIB1 or dedicated RRC signaling and. If it is not indicated, UE could assume Q = 8.
Proposal 3: NR-U should support configurable DRS transmission window by reusing ssb-PositionsInBurst in NR Rel-15.
· The length of bit-map in ssb-PositionsInBurst should be extended and different SCS can correspond to different bit-map length.
Proposal 4: For more flexibility of gNB implementation, the maximum number of transmitted SSBs within DRS transmission window, i.e. value of X,  should be 8 for 15/30 kHz SCS.
Proposal 5: To assist UE’s DL data reception and measurement, gNB should inform UE of the actual maximum number of transmitted SSBs within DRS transmission window, i.e. value of Z (Z<=X, X = 8). 
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Observation 1: 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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