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Introduction
At the RAN1 #94-bis meeting, initial access and mobility for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	Agreement:
For SSB transmissions as part of DRS:
· 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:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
0. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
1. Time-domain enhancements
1. For connected mode UE, scheduling of PRACH resources via DCI. 
0. Triggered PRACH within TXOP can use a new resource
1. For idle mode UE, scheduling of PRACH resources via paging
1. Note: potential inefficiency in network resource due to paging across multiple cells
1. Additional, new RACH resources are used immediately following detection of DRS transmission
1. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
3. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
3. FFS: How to handle potential multiple RARs to same UE
1. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different



In this contribution, we discuss on SS/PBCH block transmission enhancement considering LBT failure for NR-U operation. 

Discussion 
Impact of LBT on SS/PBCH Block positions
For initial access and mobility procedures, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for SSB(s) due to LBT failure. At RAN1 #94-bis meeting, that issue is also discussed and following alternatives are listed [1].

	Alternatives:
· 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 16/64)
· Alt-5: Before the transmission of any SSB within the SSB burst set, the LBT is carried out for that SSB. If the LBT fails, the next LBT is carried out at the following half subframe for that SSB.
· Alt-6: multiple candidate SSB positions in SSB burst set
· Alt-7: Shift SSB(s) in time to the next transmission instance without extra time offset indication
· Other alternatives are not precluded



In order to change transmission signal at the beginning of a COT immediately, the transmitting entity needs to prepare multiple signals to be selected depending on LBT result. This seems to have an impact to implementation. Therefore, we think it is better to avoid changing signal at the beginning of a COT immediately depending on LBT result, i.e., changing the association between SSB index and time domain location according to LBT result as in Alt.1/3 is not preferable. 
In terms of power consumption of UE, it is better to avoid frequent DRS searching. It is better to select approaches in which UE monitors DRS within a certain window such as DMTC-U every DRS transmission periodicity e.g., 20ms or longer as in NR licensed band operation. 
Therefore, Alt-2 in which SSBs dropped due to LBT failure are cyclically wrapped around to the end of the burst set transmission seems beneficial to be selected. It means that shift granularity between candidate SSB group positions should not be too long such as less than 5ms. In addition, the DRS transmission/monitoring window duration should not be too long in terms of UE complexity for DRS search. For example, maximum DRS transmission window could be 5ms or 6ms as in Rel-15 SMTC or LTE-LAA DMTC. Even within such window duration, the number of candidate SSB positions can be sufficiently increased especially in case of using higher SCS.
In multi-beam operation, approaches other than Alt-5 would assume beam switching within a COT. As we discussed in [3], although whether beam switching within a COT should be allowed or not is under discussion, we believe it should be allowed. Otherwise, if Cat.4 LBT before each DRS transmission is necessary, time domain mapping of SS/PBCH block in Rel-15 NR may be no longer useful and new mapping needs to be defined for multi-beam operation. 
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Figure 1: SS/PBCH block transmission methods considering LBT failure [1]


Proposal: SSBs dropped due to LBT failure are cyclically wrapped around to the end of the burst set transmission. 
- The shift granularity between candidate SSB group positions should not be too long such as less than 5ms.
- The duration of DRS transmission window should not be too long such as over 6ms.

Conclusion 
In this contribution, we discussed on SS/PBCH block for NR-U operation. Based on the discussion above, we made following proposal. 

Proposal: SSBs dropped due to LBT failure are cyclically wrapped around to the end of the burst set transmission. 
- The shift granularity between candidate SSB group positions should not be too long such as less than 5ms.
- The duration of DRS transmission window should not be too long such as over 6ms.
[bookmark: _GoBack]
References
[1] 3GPP, R1-1811885, Charter Communications, “Feature lead summary #1 of initial access and mobility,” October 2018.
[2] 3GPP RAN1 #94-bis, Chairman’s note, October 2018.
[3] 3GPP, R1-1813313, NTT DOCOMO, “Channel access procedures for NR-U operation,” November 2018.

Microsoft_Visio_Drawing11111111.vsdx
SSB#0
SSB#4
SSB#1
SSB#5
SSB#2
SSB#6
SSB#3
SSB#7
SSB#4
SSB#0
SSB#5
SSB#1
SSB#6
SSB#2
SSB#7
SSB#3



image3.emf
SSB transmission periodicity

SSB 1 candidates

Time

SSB 2 candidates SSB 3 candidates SSB 4 candidates

5ms 5ms


Microsoft_Visio_Drawing22222222.vsdx
SSB transmission periodicity




SSB 1 candidates


Time










SSB 2 candidates

SSB 3 candidates

SSB 4 candidates
5ms
5ms



image1.emf
 

beam1

beam0

beam1 beam2

beam3

beam0

beam1

SSB1 SSB0

beam0 beam1 beam2

beam3

beam0

SSB1 SSB2 SSB3 SSB4

beam1 beam2

beam3

SSB5 SSB6 SSB7

beam1 beam2

beam3

beam0

SSB0 SSB1 SSB2 SSB3

SSB0

beam0

beam1 beam2

beam3

SSB1 SSB2 SSB3

SSB0

beam0

N

o

 

t

r

a

n

m

i

s

s

i

o

n

,

 

d

u

e

 

t

o

 

M

e

d

i

u

m

 

C

o

n

t

e

n

t

i

o

n

Alt-2

Alt-1

Alt-3

Optional:  Add’l/re-intrpreted PBCH 

flag for wrap-around beyond SSB7

Add’l PBCH IE to 

convey time offset of 

SSB0

Add’l PBCH IE to 

convey time offset of 

SSB0

COT containing SS 

burst starts here ,


image2.emf
SSB#0

SSB#4

SSB#1

SSB#5

SSB#2

SSB#6

SSB#3

SSB#7

SSB#4

SSB#0

SSB#5

SSB#1

SSB#6

SSB#2

SSB#7

SSB#3


