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Introduction
In RAN Plenary #84, the guidance on essential functionality for NR-U has been agreed [1]. The followings are the essential functionalities and optimizations for enhancements to initial access procedure for NR-U.
	
Essential
· Timing recovery from SSB
· Cross SSB QCL relationship by Q and A: Which A, how to indicate or determine Q, range of Q, how to determine Q for RRM
· Type0-PDCCH monitoring
· RLM enhancement: IS and OOS 
Optimizations
· Msg1 enhancements with more opportunities in freq domain (over multiple LBT subbands) and time domain
· RRM enhancement including subband level RSSI and channel occupancy measurement




In the essential functionalities, we focus on the first two bullets in this contribution. The followings are the agreements related to the first two bullets in the above guidance in the last RAN1 meeting [2].
	
Agreement:
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:
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




Considering the above guidance and agreements, we introduce our views on initial access procedure for NR-U in this contribution.
Timing and QCL determination for NR-U initial access
Maximum number of transmitted SSBs
In RAN1#94bis meeting it was agreed that the maximum number of transmitted SSBs is [X] within DRS transmission window and X <= 8 [3]. The number of actual transmitted SSBs depends on the SCS of SSB, and LBT categories. In case of Cat 2 LBT, the transmission duration is limited to 1 ms. Consequently, the maximum number of transmitted SSBs will be 2 for 15kHz and 4 for 30kHz. However, in case of Cat 4 LBT, the maximum number of transmitted SSBs could be 8 regardless of SCS. Therefore X = 8 should be supported for more flexibility and forward compatibility. gNB can determine the number of actual transmitted SSBs is less than or equal to X = 8.
Proposal 1: It is proposed to support X = 8 for the maximum number of transmitted SSBs.

Timing determination
During the previous RAN1 meetings, it was agreed that 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 [4]. It was also agreed that legacy Rel-15 FR2 mechanism is used for the determination of serving cell timing as mentioned in the above [2]. Therefore, no further issue is remained for the timing determination. Details on selection of related parameters such as A and Q will be discussed in the following sub-section.

QCL determination
Regarding QCL determination, SSBs having the same value of modulo(A, Q) are QCLed. The value of A and Q are still FFS. Q is the number of non-QCLed SSBs and also can be considered as the number of beams used by gNB. If Q is selected as arbitrary number, it might result in unequal number of transmission opportunities per beam. In Table 1, the example for Q = 5 and X = 8 is shown. If LBT is succeed before the SSB candidate position #4, gNB can transmit SSBs from candidate position #4 to #11. In this case, beam {#0, #1, #4} have two transmission opportunities while beam {#2, #3} have only one chance if a SSB candidate position index is applied as A in the calculation of modulo(A, Q). When SSB DM-RS sequence index is substituted for A, beam {#0, #1, #2} have two transmission opportunities while beam {#4, #5} have only one.
[bookmark: _Ref16690170]Table 1. Example of SSB transmission (Q = 5 & X = 8)
	SSB candidate positions
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	Cycle index in PBCH
	0
	1
	2

	DM-RS sequence index
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3

	Beam(QCL) index
from modulo(A, Q) when A is position index
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4
	0
	1
	2
	3
	4

	Beam(QCL) index
from modulo(A, Q) when A is DM-RS seq. index
	0
	1
	2
	3
	4
	0
	1
	2
	0
	1
	2
	3
	4
	0
	1
	2
	0
	1
	2
	3



It would be beneficial to guarantee the equal number of transmission opportunities per beam for fairness in several aspects such as coverage, measurement, etc. In order to guarantee the fair transmission opportunities between beams, it is proposed that the values for Q are selected among common divisor of X and Y, and the maximum value of Q is GCD(X, Y). If X = 8 is considered, Q = {1, 2} for 15 kHz and Q = {1, 2, 4} for 30 kHz.
Proposal 2: It is proposed that the values for Q are selected among common divisor of X and Y, and the maximum value of Q is GCD(X, Y).
With the above proposal, the fair transmission opportunities can be always guaranteed regardless of selection of A as shown in Table 2.
[bookmark: _Ref16698640]Table 2. Example of SSB transmission (Q = 4 & X = 8)
	SSB candidate positions
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19

	Cycle index in PBCH
	0
	1
	2

	DM-RS sequence index
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3

	Beam(QCL) index
from modulo(A, Q) when A is position index
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3

	Beam(QCL) index
from modulo(A, Q) when A is DM-RS seq. index
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3



For initial access, it seems that Q is not necessary for a UE. Therefore, Q can be delivered via RMSI not PBCH.
Proposal 3: It is proposed that Q is delivered via RMSI.
If A is selected as PBCH DM-RS sequence index, additional benefits could be obtained at least for RRM measurements of neighbor cells since it does not require to read PBCH of neighbor cells. Therefore, it is proposed that A is selected as the PBCH DM-RS sequence index instead of the SSB candidate position index.
Proposal 4: It is proposed that A is selected as the PBCH DM-RS sequence index.
Summary
In this contribution, we made the following proposals on enhancements to initial access procedure for NR-U.
Proposal 1: It is proposed to support X = 8 for the maximum number of transmitted SSBs.
Proposal 2: It is proposed that the values for Q are selected among common divisor of X and Y, and the maximum value of Q is GCD(X, Y).
Proposal 3: It is proposed that Q is delivered via RMSI.
Proposal 4: It is proposed that A is selected as the PBCH DM-RS sequence index.
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