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Introduction
This contribution discusses initial access in NR-U.
[bookmark: _Ref494215420]
SSBs transmission
Some agreements have been achieved in RAN1#94bis meeting [1] shown as follows.
	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



The agreed points are listed as follows.
· The maximum number of candidate SSB positions within DRS transmission window is [Y], e.g. Y = [64].
· Transmitted SSBs do not overlap.
· The maximum number of transmitted SSBs within DRS transmission window is [X], and X <= 8.
Regarding FFS points, in our view, time index is directly related to both “derivation of frame timing from detected SSB” and “shift granularity between candidate SSBs or SSB groups”. 
Furthermore, time index is also used for UE to get QCL assumption of the SSB-associated PDCCH. So, time index is also related to “relationship between transmitted SSB index and QCL assumption at UE”.
In addition, time index is related to duration of DRS transmission window and duration of the transmitted DRS within the window as well.

Duration of DRS transmission window
The maximum number of candidate SSB positions [Y=64] is related to duration of DRS transmission window. The following table lists comparison between the maximum number of candidate SSB positions and duration of DRS transmission window, if two SSBs are transmitted per slot.
Table 1: The maximum number of candidate SSB positions vs. Duration of DRS transmission window, if two SSBs are transmitted per slot
	
	15kHz SCS
	30kHz SCS
	60kHz SCS

	64 candidate SSB positions
	32 slots = 32ms
	32 slots = 16ms
	32 slots =  8ms

	32 candidate SSB positions
	16 slots = 16ms
	16 slots = 8ms
	16 slots = 4ms

	16 candidate SSB positions
	8 slots = 8ms
	8 slots = 4ms
	8 slots = 2ms

	8 candidate SSB positions
	4 slots = 4ms
	4 slots = 2ms
	4 slots = 1ms



In general, duration of DRS transmission window cannot be too large, otherwise UE blind detection complexity is too high. In LTE LAA, duration of DRS transmission window is 5ms. It can be observed from the above table that duration of candidate SSB positions may be too large, if two SSBs are transmitted per slot.
Observation 1: The maximum number of candidate SSB positions cannot be too large. It could be 32 for 60kHz SCS, 16 for 30kHz SCS, and 8 for 15kHz SCS.

Duration of the transmitted DRS within window
The maximum number of transmitted SSBs [X<=8] within window is related to duration of the transmitted DRS within window. The following table lists comparison between the maximum number of transmitted SSBs within window and duration of the transmitted DRS within window, if two DRS are transmitted per slot.
Table 2: The maximum number of transmitted SSBs within window vs. Duration of the transmitted DRS within window, if two DRS are transmitted per slot
	
	15kHz SCS
	30kHz SCS
	60kHz SCS

	8 transmitted SSBs within window
	4 slots = 4ms
	4 slots = 2ms
	4 slots = 1ms

	4 transmitted SSBs within window
	2 slots = 2ms
	2 slots = 1ms
	2 slots = 0.5ms

	2 transmitted SSBs within window
	1 slots = 1ms
	1 slots = 0.5ms
	1 slots = 0.25ms



It is common understanding that duration of the transmitted DRS within window is limited by MCOT. In LTE LAA, duration of the transmitted DRS within window is about 1ms (12 symbols). It can be observed from the above table that the maximum number of transmitted SSBs within window may be too large, if two DRS are transmitted per slot.
Observation 2: The maximum number of transmitted SSBs within window cannot be too large. It could be 8 for 60kHz SCS, 4 for 30kHz SCS, and 2 for 15kHz SCS.

Therefore, we have the following proposal.
Proposal 1: The maximum number of candidate SSB positions, i.e. Y, could be 32 for 60kHz SCS, 16 for 30kHz SCS, and 8 for 15kHz SCS, with up to 5ms duration of DRS transmission window. The maximum number of transmitted SSBs within window, i.e. X, could be 8 for 60kHz SCS, 4 for 30kHz SCS, and 2 for 15kHz SCS, with up to 1ms duration of the transmitted DRS within window.

Soft combining at UE
Soft combining for SSB reception, especially for PBCH reception, is important in NR-U, since PSD is limited in NR-U. For simplicity of discussion, soft combining discussed here means soft combining within DRS transmission window, i.e. within a half frame.
It is common understanding that UE can derive timing information from time index, no matter in what way SSBs are transmitted, such as shifting, cyclic extending, or flexibly choosing by gNB. However, if we consider complexity of soft combining, things are a little more complicated. 
Observation 3: Soft combining at UE may complicate design of time index.

Soft combination complexity
In general, it is easy for UE to softly combine the same PBCH payload. 
In R15 NR FR2, when time index is up 64, there are 3 bits timing information contained in PBCH DMRS and 3 bits timing information in PBCH payload. It can be regarded as there are 8 SSB groups and each group contains 8 SSBs. The 8 SSBs in each SSB group have the same PBCH payload, so PBCH payload of the 8 SSBs in each SSB group can be easily combined in R15 NR FR2.
Observation 4: It is easy for UE to softly combine the same PBCH payload.

Definition of SSB transmission group
An SSB transmission group can be defined as a group of SSBs that are actually transmitted once gNB achieves a successful LBT. An SSB transmission group can be one SSB, or several SSBs, or SS-burst-set (a round of SSB beam sweeping or repetition). 

Soft combining within an SSB transmission group
Since SSBs in an SSB transmission are transmitted consecutively, it is straightforward that time index within an SSB transmission group can be conveyed by PBCH DMRS, similar to R15 NR-U FR2. It can reduce UE complexity to perform soft combining within an SSB transmission group.
According to definition of SSB transmission group, the number of SSBs in an SSB transmission group is not greater than maximum number of transmitted SSBs [X<=8]. So, PBCH DMRS has sufficient bits to convey time index within an SSB transmission group.
Observation 5: Time index within an SSB transmission group may be conveyed by PBCH DMRS.

Soft combining across SSB transmission groups
If there are multiple SSB transmission groups within DRS transmission window, time index across SSB transmission groups will consume additional bits compared with single SSB transmission group. In this case, time index across SSB transmission groups plus time index within an SSB transmission group cannot be conveyed in PBCH DMRS. From UE perspective, UE cannot be aware of whether two detected SSBs can be softly combined in blind detection procedure.
Observation 6: If there are multiple SSB transmission groups, it is hard for UE to softly combine PBCH payload.
Therefore, we have the following proposal.
Proposal 2: One SSB transmission group within DRS transmission window, i.e. SSB transmission group is equal to an SS-burst-set, is supported in NR-U.

Shift granularity
Shift granularity is defined as the number of shifted SSBs due to LBT failure. It is common understanding that opportunity of SSB transmission is related to shift granularity.
 Observation 7: Opportunity of SSB transmission is related to shift granularity.

There could be two alternatives with different shift granularity.
· Alt-1: 1 SSB transmission group = SS-burst-set; 1 shift granularity = SS-burst-set.
· Alt-2: 1 SSB transmission group = SS-burst-set; 1 shift granularity = 1/M of SS-burst-set, where M is integer greater than 1.
The following figure shows an example of the above alternatives.


Figure 1: An example of Alt-1 and Alt-2
It can be observed that Alt-2 has better tradeoff between the opportunity of SSB transmission and the complexity of soft combining. 
Observation 8: Alt-2 has better tradeoff between the opportunity of SSB transmission and the complexity of soft combining.

Shift granularity can be determined by Y value and time index across SSB transmission groups. If time index across SSB transmission group is k bits, shift granularity is equal to Y/(2^k). The following table shows the evaluated shift granularity for different SCS.
Table 3: The evaluated shift granularity for different SCS
	
	15kHz SCS
	30kHz SCS
	60kHz SCS

	Y
	8
	16
	32

	X
	2
	4
	8

	Time index within an SSB transmission group
	1 bit
	2 bits
	3 bits

	Time index across SSB transmission groups
	min(6-1, log2(8)) = 3 bits
	min(6-2, log2(16)) = 4 bits
	min(6-3, log2(32)) = 3 bits

	Shift granularity
	8/8 = 1 SSB
	16/16 = 1 SSB
	32/8 = 4 SSBs



From above table, we have the following proposal.
Proposal 3: For 15kHz SCS, time index across SSB transmission groups is convey in PBCH with 3 bits, and shift granularity is 1 SSB; For 30kHz SCS, time index across SSB transmission groups is convey in PBCH with 4 bits, and shift granularity is 1 SSB; For 60kHz SCS, time index across SSB transmission groups is convey in PBCH with 3 bits, and shift granularity is 4 SSB.

Single beam case
There is an FFS point that “If and how to support beam repetition for soft combining of SSBs within the same DRS transmission”. Regarding soft combining of SSBs, there could be the following differences between multi beam case and single beam case.
· UE is not mandated to softly combine SSBs for multi beam case, but UE may be mandated to softly combine SSBs for single beam case. 
· Time index for single beam case is much simpler.

Soft combining of SSBs
For initial cell selection, in R15 NR, UE may detect only one SSB in a detection window with length of the default SS-burst-set periodicity, i.e. 20ms. 
In single beam case of NR-U, UE may have to combine SSBs as much as possible in a detection window with length of default DRS periodicity, e.g. 40ms. Similar to multi beam case, to reduce complexity of soft combining of PBCH payload, it is better that time index bits in PBCH payload are common. There could be some alternatives for time index for single beam case:
· Alt-1: The same as that of multi beam case. For example, time index within an SSB transmission group may be conveyed by PBCH-DMRS with 3 bits, and time index across SSB transmission groups may be conveyed by PBCH payload with 3 bits.
· Alt-2: Time index within an SSB transmission group may be conveyed by PBCH-DMRS with simplified version, and time index across SSB transmission groups may be conveyed by PBCH payload. 
For Alt-2, time index of SSB within an SSB transmission group can be simplified significantly. Due to omni-directional transmission in single beam case, UE can detect all SSBs within the detection window. So, UE can derive time index according to one “timing SSB” with a priori information of the timing SSB. The timing SSB can be used as the following alternatives.
· Alt-2-1: The number of transmitted SSBs is fixed, and the timing SSB can be the first SSB of the transmitted SSBs, where flag of the first SSB can be conveyed by PBCH-DMRS.
· Alt-2-2: The number of transmitted SSBs is fixed, and the timing SSB can be the last SSB of the transmitted SSBs, where flag of the last SSB can be conveyed by PBCH-DMRS.
· Alt-2-3: The number of transmitted SSBs is flexible, the timing SSB can be the first and the last SSB of the transmitted SSBs, where flags of the first and the last SSB can be conveyed by PBCH-DMRS.
Comparing Alt-1 and Alt-2, since time index within an SSB transmission group can be simplified significantly in Alt-2, UE complexity can be reduced. So, we prefer Alt-2.
Proposal 4: If we decide to support single beam case, time index within an SSB transmission group may be conveyed by PBCH-DMRS with simplified version, and time index across SSB transmission groups may be conveyed by PBCH payload. 

Paging and OSI
If paging/OSI is transmitted in DRS, UE can receive paging/OSI PDCCH/PDSCH with similar behavior of receiving RMSI PDCCH/PDSCH. Here, we only focus on the case that paging/OSI is not transmitted in DRS.

Association between SSB and paging/OSI PDCCH
In NR-U, association between SSB and paging/OSI PDCCH should be considered, since SSB provides QCL assumption for UE monitoring paging/OSI PDCCH. Specifically, a detected SSB index within SS-burst-set implies a beam index for beam sweeping, where the beam index is also use for transmission of paging/OSI PDCCH at gNB. This is why to introduce association between SSB and paging/OSI PDCCH monitoring occasion. The following figure shows an example of association.


Figure 3: Example of association between SSB and Paging/OSI PDCCH
Generally, the detected SSB index within SS-burst-set can be derived according to the time index mechanism. With the detected SSB index within SS-burst-set, association between SSB and paging/OSI PDCCH can be constructed.
Proposal 5: Time index can be used for UE to derive the association between SSB and paging/OSI PDCCH.

Single beam case

Soft combining of Paging/OSI PDCCH/PDSCH
If soft combining of SSBs is mandatory for UE to meet coverage requirement, soft combining of paging/OSI PDCCH/PDSCH may be mandatory too to meet coverage requirement. 
However, soft combining of paging/OSI PDCCH in R15 NR may not be assumed by UE due to lack of standard supporting. Regarding soft combining of paging/OSI PDSCH, soft combining of paging/OSI PDSCH in different beam may not be assumed at UE, since paging/OSI PDSCH may not have the same code-rate for in different beam, even though the same message for paging/OSI PDSCH in different beam can be guaranteed.
Observation 9: Soft combining of Paging/OSI PDCCH may not be assumed by UE in R15 NR. Soft combining of paging/OSI PDSCH in R15 NR may not be assumed by UE in R15 NR.
[bookmark: _GoBack]In our view, if we decide to support single beam case, soft combining of paging/OSI PDCCH and paging/OSI PDSCH across different beams needs further studied. 
Proposal 6: If we decide to support single beam case, soft combining of paging/OSI PDCCH/PDSCH across different beams needs further studied.

Conclusion
We have the following proposals.
Proposal 1: The maximum number of candidate SSB positions, i.e. Y, could be 32 for 60kHz SCS, 16 for 30kHz SCS, and 8 for 15kHz SCS, with up to 5ms duration of DRS transmission window. The maximum number of transmitted SSBs within window, i.e. X, could be 8 for 60kHz SCS, 4 for 30kHz SCS, and 2 for 15kHz SCS, with up to 1ms duration of the transmitted DRS within window.
Proposal 2: One SSB transmission group within DRS transmission window, i.e. SSB transmission group is equal to an SS-burst-set, is supported in NR-U.
Proposal 3: For 15kHz SCS, time index across SSB transmission groups is convey in PBCH with 3 bits, and shift granularity is 1 SSB; For 30kHz SCS, time index across SSB transmission groups is convey in PBCH with 4 bits, and shift granularity is 1 SSB; For 60kHz SCS, time index across SSB transmission groups is convey in PBCH with 3 bits, and shift granularity is 4 SSB.
Proposal 4: If we decide to support single beam case, time index within an SSB transmission group may be conveyed by PBCH-DMRS with simplified version, and time index across SSB transmission groups may be conveyed by PBCH payload. 
Proposal 5: Time index can be used for UE to derive the association between SSB and paging/OSI PDCCH.
Proposal 6: If we decide to support single beam case, soft combining of paging/OSI PDCCH/PDSCH across different beams needs further studied.
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