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Introduction
This contribution discusses initial access and mobility in NR-U. This contribution is revision of our contribution [R1-1900721] in RAN1 AH 1901.
[bookmark: _Ref494215420]
SSB 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



Soft combining
Soft combining for PBCH payload is important in NR-U, since PSD/EIRP is limited in NR-U. 
Furthermore, since soft combining across different DRS windows (inter-burst) is hard for UE implementation from the following aspects:
· PBCH payload w.r.t. time index of the actually transmitted SSBs may be different in different DRS windows, due to LBT.
· DRS periodicity may be no less than 40ms, and buffering data larger than 40ms at cell search stage is not friendly for UE implementation.
As soft combining across different DRS windows may not be applicable, the gain of soft combining within the DRS window (intra-burst) is more important.
Proposal 1: Soft combining PBCH payload within the DRS window could be supported in NR-U for both multi beam case and single beam case.

[bookmark: _GoBack]To make PBCH payload common, there were some proposals to let RMSI convey the 3 bits time index instead of PBCH payload. It seems feasible that UE can only find slot timing to further get half-frame or frame timing after decoding RMSI successfully. However, in our view, if UE does not know half-frame or frame timing, UE should buffer a larger window to cover the possible DRS window to in reception of RMSI, since UE does not know the exact boundary of the DRS window. It will cause the high complexity at UE.
Observation 1: If RMSI conveys the 3 bits time index instead of PBCH payload, reception of RMSI has higher complexity.

In FL summary [2], there are two alternatives for time index.
	Proposal: 
· UE determines the frame timing in the same way as in NR Rel-15, i.e., based on the detected SS/PBCH block index and the half-frame indicator
· Alt-1: The SS/PBCH block index for timing determination is detected using a combination of PBCH DMRS sequence and [3] bits in the PBCH payload 
· Alt-2: The SS/PBCH block index is detected using PBCH DMRS sequence 
· FFS: If number of PBCH DMRS sequences is increased beyond 8


Alt-2 is also an efficient solution for soft combining of PBCH payload at UE. But with large number of PBCH DMRS sequence hypothesis, error rate of the blind detection of sequence may increase. The bits number conveyed in PBCH DMRS has been discussed and evaluated widely in R15. In our view, enlarging bits number conveyed in PBCH DMRS of R15 may be carefully studied.
Observation 2: Enlarging bits number conveyed in PBCH DMRS of R15 may be carefully studied.

Alt-2
It was captured in the FL proposal [3] that Alt-2 can use the following parameters.
	Proposal: 
· The maximum number of candidate SSB positions within DRS transmission window, Y, is dependent on SSB SCS, for e.g., Y = [16] for 15 kHz, Y = [32] for 30 kHz, Y = [64] for 60 kHz (if supported)
· It is recommend for the maximum DRS transmission window duration to be extended beyond 5 ms, similar to LTE-LAA.
· Maximum number of transmitted SS/PBCH blocks within the DRS transmission window: X = 8 for any SSB SCS
· Duration of the transmitted DRS within the window: up to 2 ms (depending on the configuration of actually transmitted SS/PBCH blocks);
· The mapping between candidate SS/PBCH block location index i (i = 0, 1, …, Y-1) to actually transmitted SS/PBCH block index i_SSB is given by i_SSB = i mod X (e.g. periodically wrapping around);
· Shift granularity between group of SS/PBCH blocks: 0.5 ms 
· Timing information acquisition: the timing offset o_SSB = floor(i/X) is indicated to the UE in the corresponding SS/PBCH block;
· For determination of QCL information, SS/PBCH blocks with the same SS/PBCH block index are assumed to be QCLed (as in NR Rel-15), and no need to specify the QCL assumption within a DTTC window.  


 



Candidate SSB positions within DRS window
Value of Y
In our view, value of Y can be 16 for 15 kHz SCS and 32 for 30 kHz SCS to provide more opportunities of SSB transmission due to LBT. 

Candidate SSB index
In our view, candidate SSB index i should be derived by UE. 
It can be observed that candidate SSB index is grouped in Alt-2. The index of group is defined as o_SSB in the FL proposal, and index within a group is defined as i_SSB in the FL proposal. In this way, candidate SSB index i can be derived from o_SSB and i_SSB, i.e. 
i = N*o_SSB + i_SSB,
where N is the number of SSBs in a group and it is equal to X in the FL proposal. 
Shift granularity
Shift granularity is also related to opportunities of SSB transmission due to LBT. We agree that shift granularity can be defined as an absolute value. The absolute value can be 0.5ms, which is 1 SSB for 15kHz SCS or 2 SSBs for 30kHz SCS.
Proposal 2: If Alt-2 is supported, then
· the maximum number of candidate SSB positions within DRS transmission window, Y, is dependent on SSB SCS, e.g., Y = 16 for 15 kHz, Y = 32 for 30 kHz SCS, and the corresponding the maximum DRS transmission window duration can be extended to about 8 ms, and
· candidate SSB index i can be derived from o_SSB and i_SSB, i.e. i = N*o_SSB + i_SSB, where N is the number of SSBs in a group, and
· shift granularity between group of SS/PBCH blocks can be 0.5 ms, which is 1 SSB for 15kHz SCS or 2 SSBs for 30kHz SCS.

Value of X: Considering soft combining
From Section 2.2.1, the actually transmitted SSBs may contain different o_SSB value, since the actually transmitted SSBs may be across the group, which is shown in Figure 2 and 3 in Appendix. Different o_SSB value will cause different PBCH payload, which lead to high complexity of UE soft combining. In our view, there could be at least two solutions to make PBCH payload common, i.e. puncturing and codepoint redesign. 

Puncturing
gNB can puncture SSBs to let the actually transmitted SSBs have the same o_SSB, which is shown in Figure 4 and 5 in Appendix.

Modifying o_SSB
Modifying o_SSB can be achieved by the following steps.

Reducing X and the maximum duration of the transmitted DRS
If N is reduced to 4 and the maximum duration of the transmitted DRS is 1ms, the number of occasions of “across the group” will be reduced. It can be observed from Figure 6 and 7 in Appendix that the number of occasions of “across the group” will be reduced.

Modifying o_SSB
It can be further observed that the actually transmitted SSBs will at most cross one boundary of two groups. So, if o_SSB of SSB after the boundary can be modified as the same as that of SSB before the boundary, o_SSB of the actually transmitted SSBs will be the same. Furthermore, the remaining 1 bit in PBCH-DMRS in a given SSB can be used to indicate whether o_SSB is modified or not in the given SSB.

Extending the maximum duration of the transmitted DRS to 2 ms
Since o_SSB is self-interpretable, the maximum duration of the transmitted DRS can be extended to 2ms. It can be observed from Figure 8 and 9 in Appendix that the maximum duration of the transmitted DRS can be extended to 2ms.

Equivalent to codepoint redesign
The above 3 steps can be equivalent to “codepoint redesign”.
The principle behind “modifying o_SSB” is that there are about 64 codepoints for time index in PBCH (not including 1 bit for half-frame indicator), but only Y<64 codepoints are explicitly allocated for candidate SSB index. So, there are some codepoints left, which can be used to make o_SSB common within the actually transmitted SSBs.
The following two tables show the example of codepoint redesign corresponding to Figure 8 and 9 in Appendix.
Table 1: i_SSB and o_SSB (after codepoint redesign) for {Y=16, N=4, X=4}
	
	i=0
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8
	i=9
	i=10
	i=11
	i=12
	i=13
	i=14
	i=14

	(LSBs, MSBs)  of SSB0
	(0, 0) 
	(1, 0) 
	(2, 0) 
	(3, 0) 
	(0, 1) 
	(1, 1) 
	(2, 1) 
	(3, 1) 
	(0, 2) 
	(1, 2) 
	(2, 2) 
	(3, 2) 
	(0, 3) 
	(1, 3) 
	(2, 3) 
	(3, 3) 

	(LSBs, MSBs)   of SSB1
	(1, 0)
	(2, 0)
	(3, 0)
	(0+4, 0) 
	(1, 1)
	(2, 1)
	(3, 1)
	(0+4, 1) 
	(1, 2)
	(2, 2)
	(3, 2)
	(0+4, 2) 
	(1, 3)
	(2, 3)
	(3, 3)
	

	(LSBs, MSBs)   of SSB2
	(2, 0) 
	(3, 0) 
	(0+4, 0) 
	(1+4, 0) 
	(2, 1) 
	(3, 1) 
	(0+4, 1) 
	(1+4, 1) 
	(2, 2) 
	(3, 2) 
	(0+4, 2) 
	(1+4, 2) 
	(2, 3) 
	(3, 3) 
	
	

	(LSBs, MSBs)  of SSB3
	(3, 0) 
	(0+4, 0) 
	(1+4, 0) 
	(2+4, 0) 
	(3, 1) 
	(0+4, 1) 
	(1+4, 1) 
	(2+4, 1) 
	(3, 2) 
	(0+4, 2) 
	(1+4, 2) 
	(2+4, 2) 
	(3, 3) 
	
	
	



As described in the above table, UE can obtain i_SSB from PBCH-DMRS (i.e. 2 LSBs) and o_SSB from PBCH payload (i.e. 2 MSBs). If the 3th LSB of PBCH-DMRS is set as 1, o_SSB needs to be increased with 1. Otherwise, o_SSB is unchanged. After o_SSB adjustment, i=N*o_SSB+i_SSB will be maintained.

Table 2: i_SSB and o_SSB (after codepoint redesign) for {Y=32, N=4, X=8}
	
	i=0
	i=1
	i=2
	i=3
	i=4
	i=5
	i=6
	i=7
	i=8
	i=9
	i=10
	i=11
	i=12
	i=13
	i=14
	i=15

	(LSBs, MSBs)  of SSB0
	(0, 0) 
	(2, 0) 
	(0, 1) 
	(2, 1) 
	(0, 2) 
	(2, 2) 
	(0, 3) 
	(2, 3) 
	(0, 4) 
	(2, 4) 
	(0, 5) 
	(2, 5) 
	(0, 6) 
	(2, 6) 
	(0, 7) 
	(2, 7) 

	(LSBs, MSBs)   of SSB1
	(1, 0)
	(3, 0)
	(1, 1)
	(3, 1)
	(1, 2)
	(3, 2)
	(1, 3)
	(3, 3)
	(1, 4)
	(3, 4)
	(1, 5)
	(3, 5)
	(1, 6)
	(3, 6)
	(1, 7)
	(3, 7) 

	(LSBs, MSBs) of SSB2
	(2, 0) 
	(0+4, 0) 
	(2, 1) 
	(0+4, 1) 
	(2, 2) 
	(0+4, 2) 
	(2, 3) 
	(0+4, 3) 
	(2, 4) 
	(0+4, 4) 
	(2, 5) 
	(0+4, 5) 
	(2, 6) 
	(0+4, 6) 
	(2, 7) 
	

	(LSBs, MSBs)  of SSB3
	(3, 0) 
	(1+4, 0) 
	(3, 1) 
	(1+4, 1) 
	(3, 2) 
	(1+4, 2) 
	(3, 3) 
	(1+4, 3) 
	(3, 4) 
	(1+4, 4) 
	(3, 5) 
	(1+4, 5) 
	(3, 6) 
	(1+4, 6) 
	(3, 7) 
	

	(LSBs, MSBs)  of SSB4
	(0+4, 0) 
	(2+4, 0) 
	(0+4, 1) 
	(2+4, 1) 
	(0+4, 2) 
	(2+4, 2) 
	(0+4, 3) 
	(2+4, 3) 
	(0+4, 4) 
	(2+4, 4) 
	(0+4, 5) 
	(2+4, 5) 
	(0+4, 6) 
	(2+4, 6) 
	
	

	(LSBs, MSBs)   of SSB5
	(1+4, 0)
	(3+4, 0)
	(1+4, 1)
	(3+4, 1)
	(1+4, 2)
	(3+4, 2)
	(1+4, 3)
	(3+4, 3)
	(1+4, 4)
	(3+4, 4)
	(1+4, 5)
	(3+4, 5)
	(1+4, 6)
	(3+4, 6)
	
	

	(LSBs, MSBs)   of SSB6
	(2+4, 0) 
	
	(2+4, 1) 
	
	(2+4, 2) 
	
	(2+4, 3) 
	
	(2+4, 4) 
	
	(2+4, 5) 
	
	(2+4, 6) 
	
	
	

	(LSBs, MSBs)   of SSB7
	(3+4, 0) 
	
	(3+4, 1) 
	
	(3+4, 2) 
	
	(3+4, 3) 
	
	(3+4, 4) 
	
	(3+4, 5) 
	
	(3+4, 6) 
	
	
	



As described in the above table, UE can obtain i_SSB from PBCH-DMRS (i.e. 2 LSBs) and o_SSB from PBCH payload (i.e. 3 MSBs). If the 3th LSB of PBCH-DMRS is set as 1, o_SSB needs to be increased with 1. Otherwise, o_SSB is unchanged. After o_SSB adjustment, i=N*o_SSB+i_SSB will be maintained.

Comparison between puncturing and codepoint redesign
Pros and Cons of “puncturing” and “codepoint redesign” can be summarized in the following table.
Table 3: Pros and Cons of “puncturing” and “codepoint redesign”
	
	Pros
	Cons

	Puncturing
	Smaller PBCH payload*
	Low opportunities of full SSBs transmission

	Codepoint redesign
	High opportunities of full SSBs transmission
	Larger PBCH payload


* Note: The remaining bit of PBCH payload in “puncturing” may be only used as “reserved”. 
In our view, higher opportunities of full SSBs transmission is beneficial in some cases. Specifically, if only partial SSBs are transmitted in multi beam case, then UE may fail to associate RMSI in the next DRS windows since some SSBs are missing in the current DRS window.
Therefore, we slightly prefer to use “codepoint redesign”.
Proposal 3: If Alt-2 is supported, then
· the number of SSBs per group is N=4, and
· maximum number of transmitted SS/PBCH blocks within the DRS transmission window is X = 4 for 15kHz SCS and X=8 for 30kHz, i.e. duration of the transmitted DRS within the window is up to 2 ms (depending on the configuration of actually transmitted SS/PBCH blocks), and
· codepoints of PBCH-DMRS and PBCH payload can be redesigned to make PBCH payload common for the actually transmitted SSBs, and details of codepoints are FFS.

Alt-1
Candidate SSB positions within DRS window
Value of Y
Similar to Alt-2, value of Y can be 16 for 15 kHz SCS and 32 for 30 kHz SCS to provide more opportunities of SSB transmission due to LBT. 
Candidate SSB index
Similar to Alt-2, candidate SSB index i should be derived by UE. 
It can be observed that candidate SSB index is based on group shifting in Alt-1. The index of group is defined as o_SSB, and index within a group is defined as i_SSB. In this way, candidate SSB index i can be derived from o_SSB and i_SSB, i.e., 
i = Z*o_SSB + i_SSB,
where Z is shift granularity in the number of SSBs. 
Shift granularity
Similar to Alt-2, shift granularity can be 0.5ms, which is 1 SSB for 15kHz SCS or 2 SSBs for 30kHz SCS.
Proposal 4: If Alt-1 is supported, then
· the maximum number of candidate SSB positions within DRS transmission window, Y, is dependent on SSB SCS, e.g., Y = 16 for 15 kHz, Y = 32 for 30 kHz SCS, and the corresponding the maximum DRS transmission window duration can be extended to about 8 ms, and
· candidate SSB index i can be derived from o_SSB and i_SSB, i.e. i = Z*o_SSB + i_SSB, where Z is shift granularity in the number of SSBs, and
· shift granularity between group of SS/PBCH blocks can be 0.5 ms, which is 1 SSB for 15kHz SCS or 2 SSBs for 30kHz SCS.

Value of X
The maximum number of transmitted SS/PBCH blocks within the DRS transmission window is X = 4 for 15kHz SCS and X=4 for 30kHz (due to only 6 bits carried by PBCH), which is shown in Figure 10 and 11 in Appendix.

Codepoint redesign
Since the maximum DRS transmission window duration can be beyond 5ms, candidate SSB index of a given SSB can indicate which half-frame the given SSB is located. So, the 1 bit for half-frame indicator may be unnecessary. Therefore, the 1 bit for half-frame indicator can be reused as an additional bit for o_SSB in Alt-1 for 30kHz SCS, which is shown in Figure 12 in Appendix.

It can be observed that codepoints of PBCH-DMRS can cover all i_SSB to make the common PBCH payload of the actually transmitted SSBs. Furthermore, if codepoint is carefully redesigned, X can be extended to 8 for 30kHz SCS.
Therefore, we have the following proposal.
Proposal 5: If Alt-1 is supported, then
· maximum number of transmitted SS/PBCH blocks within the DRS transmission window is X = 4 for 15kHz SCS and X=8 for 30kHz, i.e. duration of the transmitted DRS within the window is up to 2 ms (depending on the configuration of actually transmitted SS/PBCH blocks), and
· codepoints of PBCH-DMRS can cover all i_SSB to make PBCH payload common for the actually transmitted SSBs, and details of codepoints are FFS.

Alt-3
If gNB only chooses a part of SSBs to transmit for both Alt-1 and Alt-2, UE can still perform soft combining. In fact, in R15 NR, gNB has freedom to send just a part of candidate SSBs, which is already supported in standard transparent way.

Comparison between Alt-2 and Alt-1
The following table compares Alt-2 and Alt-1.
Table 4: Pros and Cons of Alt-2 and Alt-1
	
	Pros
	Cons

	Alt-2
	Smaller overhead of time index
	Need careful codepoint redesign for soft combining

	Alt-1
	Easy for soft combining
	Larger overhead of time index



We do not have strong position for Alt-1 or Alt-2.
Proposal 6: Alt-1 and Alt-2 both with “codepoint redesign” can be starting point to standardize SSB transmission with considering UE soft combining, and Alt-3 can be defined based on Alt-2 or Alt-1 in standard-transparent way. 

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
Similar to multi beam case, to reduce complexity of soft combining of PBCH payload, it is better that bits in PBCH payload are common. 
For single beam case, time index of SSB may be conveyed by PBCH-DMRS with simplified version. Specifically, due to omni-directional transmission in single beam case, UE can detect all SSBs within the DRS window. So, UE can derive time index according to one “timing SSB” with a priori information of the timing SSB location. The timing SSB can be used as the following alternatives.
· Alt-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: 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-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.
Down-selection of Alt-1, Alt-2 and Alt-3 can be FFS.
Proposal 7: If we decide to support single beam case, time index may be conveyed by PBCH-DMRS with simplified version. 

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, i_SSB (SSB index within group, or actually transmitted SS/PBCH block index defined in the FL proposal) implies a beam index, where the beam with the same beam index is also use to transmit paging/OSI PDCCH by gNB. The following figure shows an example of association of beam index.


Figure 1: Example of association between SSB and Paging/OSI PDCCH
Therefore, with i_SSB, association between SSB and paging/OSI PDCCH can be constructed.
Proposal 8: SSB index within group, i.e. i_SSB, can be used for UE to derive the association between SSB and paging/OSI PDCCH.

RLM 
In this section, we will focus on RLM related discussion.
RLM-RS within or outside DMTC
Due to LBT failure in NR-U, gNB may miss some occasions of RLM-RS in the DMTC. Thus, the samples number of RLM-RS is possibly not enough for evaluation, especially for in-sync evaluation, which may be inefficient for RLM. However, RLM-RS outside the DMTC may not be reliable. In addition, in RAN1#95 it was agreed to study new mechanism to solve the issue of lack of sample of RLM-RS caused by LBT failure. More specifically, whether to consider the unsuccessful detection of RLM-RS as out-of-sync or new metric is under discussion. Therefore, we have the following proposal:
Proposal 9: For RLM, samples outside DMTC are not be considered for out-of-sync evaluations, and samples outside DMTC are not be considered for in-sync evaluations.

Metrics for RLM
According to RAN1#95 meeting, it was agreed to study the unsuccessful detection of RLM-RS caused by LBT failure. 
	Agreement:
· For RLM, the following recommendations are considered beneficial for further design in the WI:
· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT
· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations
· For example, determining which RLM-RS within or outside the DMTC for RLM can be utilized for in-sync and out-of-sync evaluations
· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further studied. 


Generally, there are two options for the metric of the unsuccessful detection of RLM-RS caused by LBT failure:
- Option 1: Out-of-sync indicator.
- Option 2: New metric, e.g., instances of unsuccessful detection of RLM-RS. 
For option 1, if UE is in coverage and LBT failure happens, UE will report out-of-sync indicator, which will perhaps result in unnecessary RLF declaration.  
For option 2, whether the indicator is helpful for higher layers to control the RLM is not clear at present. The benefit of the indicator needs to be studied in RAN2. On the other hand, the capability of UE to accurately identify instances of unsuccessful detection of RLM-RS needs further study. Feasibility of such UE capability needs further discussed in RAN4.
Proposal 10: Whether to introduce the new metric needs to be discussed in RAN2 and RAN4.

Conclusion
We have the following proposals.
SSB transmission:
Proposal 1: Soft combining PBCH payload within the DRS window could be supported in NR-U for both multi beam case and single beam case.
Proposal 2: If Alt-2 is supported, then
· the maximum number of candidate SSB positions within DRS transmission window, Y, is dependent on SSB SCS, e.g., Y = 16 for 15 kHz, Y = 32 for 30 kHz SCS, and the corresponding the maximum DRS transmission window duration can be extended to about 8 ms, and
· candidate SSB index i can be derived from o_SSB and i_SSB, i.e. i = N*o_SSB + i_SSB, where N is the number of SSBs in a group, and
· shift granularity between group of SS/PBCH blocks can be 0.5 ms, which is 1 SSB for 15kHz SCS or 2 SSBs for 30kHz SCS.
Proposal 3: If Alt-2 is supported, then
· the number of SSBs per group is N=4, and
· maximum number of transmitted SS/PBCH blocks within the DRS transmission window is X = 4 for 15kHz SCS and X=8 for 30kHz, i.e. duration of the transmitted DRS within the window is up to 2 ms (depending on the configuration of actually transmitted SS/PBCH blocks), and
· codepoints of PBCH-DMRS and PBCH payload can be redesigned to make PBCH payload common for the actually transmitted SSBs, and details of codepoints are FFS.
Proposal 4: If Alt-1 is supported, then
· the maximum number of candidate SSB positions within DRS transmission window, Y, is dependent on SSB SCS, e.g., Y = 16 for 15 kHz, Y = 32 for 30 kHz SCS, and the corresponding the maximum DRS transmission window duration can be extended to about 8 ms, and
· candidate SSB index i can be derived from o_SSB and i_SSB, i.e. i = Z*o_SSB + i_SSB, where Z is shift granularity in the number of SSBs, and
· shift granularity between group of SS/PBCH blocks can be 0.5 ms, which is 1 SSB for 15kHz SCS or 2 SSBs for 30kHz SCS.
Proposal 5: If Alt-1 is supported, then
· maximum number of transmitted SS/PBCH blocks within the DRS transmission window is X = 4 for 15kHz SCS and X=8 for 30kHz, i.e. duration of the transmitted DRS within the window is up to 2 ms (depending on the configuration of actually transmitted SS/PBCH blocks), and
· codepoints of PBCH-DMRS can cover all i_SSB to make PBCH payload common for the actually transmitted SSBs, and details of codepoints are FFS.
Proposal 6: Alt-1 and Alt-2 both with “codepoint redesign” can be starting point to standardize SSB transmission with considering UE soft combining, and Alt-3 can be defined based on Alt-2 or Alt-1 in standard-transparent way. 
Proposal 7: If we decide to support single beam case, time index may be conveyed by PBCH-DMRS with simplified version. 

Paging and OSI:
Proposal 8: SSB index within group, i.e. i_SSB, can be used for UE to derive the association between SSB and paging/OSI PDCCH.

RLM:
Proposal 9: For RLM, samples outside DMTC are not be considered for out-of-sync evaluations, and samples outside DMTC are not be considered for in-sync evaluations.
Proposal 10: Whether to introduce the new metric needs to be discussed in RAN2 and RAN4.
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Figure 2: Alt-2, when Y=16, N=8, X=4, and for 15kHz SCS
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Figure 3: Alt-2, when Y=32, N=8, X=8, and for 30kHz SCS
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Figure 4: Alt-2 with puncturing, when Y=16, N=8, X=4, and for 15kHz SCS
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Figure 5: Alt-2 with puncturing SSB index, when Y=32, N=8, X=8, and for 30kHz SCS
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Figure 6: Alt-2 with reduced N, when Y=16, N=4, X=2, for 15kHz SCS
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Figure 7: Alt-2 with reduced N, when Y=32, N=4, X=4, and for 30kHz SCS
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Figure 8: Alt-2 with reduced N and codepoint redesign, when Y=16, N=4, X=4, and for 15kHz SCS
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Figure 9: Alt-2 with reduced N and codepoint redesign, when Y=32, N=4, X=8, and for 30kHz SCS
[image: ]
Figure 10: Alt-1, when Y=16, X=4, and for 15kHz SCS
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Figure 11: Alt-1, when Y=32, X=4, and for 30kHz SCS
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Figure 12: Alt-1 with codepoint redesign, when Y=32, X=8, and for 30kHz SCS
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