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Introduction
This contribution discusses initial access and mobility in NR-U. This contribution is revision of our contribution [R1-1902737] in RAN1#96.
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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



LBT impact on SSB transmission
In [2], LBT impact on SSB transmission has two alternatives, i.e. “shifting” and “cyclically wrapping”.
	Alternatives:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Support: LGE, Spreadtrum (with code-point redesign), CATT, ITL, Sony, MotM, Lenovo  
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Support: Samsung, Qualcomm, Nokia, NSB, Charter Communications, LGE, ZTE, Sanechips, Fujitsu, Huawei, HiSi, Spreadtrum (with code-point redesign), IDT, CATT, KT, OPPOOppo, vivo, NTT Docomo, WILUS, Sharp  
Proposal: 
· DRS transmission within the DRS transmission window commences from a SSB candidate position that clears LBT and spans up to X consecutive SSB candidate positions.
· FFS: Whether SSBs corresponding to candidate positions that did not clear LBT are also included in the DRS transmission burst
· FFS: Indication of time shift offsets between start of DRS transmission window and actual start of DRS transmission



Alt-2 has smaller standard impact, because the time index for each of candidate SSB positions can reuse that defined for FR2 as much as possible, i.e. intra-group index (3 LSBs in PBCH DMRS) and inter-group index (3 MSBs in PBCH payload). So, we can support Alt-2. 
Besides timing determination and QCL assumption, the standardization impact of Alt-2 also includes the DRS transmission opportunity at gNB or channel access mechanism for DRS. So, we have the similar proposal like that proposed in FL summary. 
Proposal 1: DRS transmission within the DRS transmission window commences from a SSB candidate position that clears LBT and spans up to X consecutive SSB candidate positions.

Serving cell timing determination
In [2], the major views for serving cell timing determination are Alt-1a and Alt-1b, as shown in the below.
	Serving cell timing determination:
· Alt-1a: The candidate SSB positions within the DRS transmission window are indexed from 0,…,Y-1 using 3 bits in PBCH DMRS sequence and [2] bits in PBCH payload. UE determines serving cell timing from the SSB candidate position index based on Rel-15 procedure.
· FFS: inclusion of half-frame indicator bit.
· Support: Qualcomm, Ericsson, Huawei, HiSi, Fujitsu, Sharp, NTT Docomo, Intel (though PBCH soft-combining complexity is increased), WILUS, OPPO, Xiaomi
· Alt-1b: UE determines the timing  , where c is the cycle index indicated in the MIB,  is the number of cycled/transmitted DMRS sequences from the total number of sequences  and given by the number of transmitted beams X as the maximum integer multiple of the number of transmitted beams per cell , subject to _tot, and s denotes the DMRS sequence index.
· Support: Nokia, NSB, NTT DOCOMO, Huawei, HiSilicon


As discussed in RAN1#96, Alt-1a is special case of Alt-1b. Restricting S_tx = 8, Alt-1b and Alt-1a are equivalent.
Both Alt-1a and Alt-1b has the similar mechanism as R15 FR2. They three have the similar characteristics:
· SSBs are arranged group by group;
· Intra-group index is conveyed by PBCH DMRS;
· R15 FR2: 8 SSBs compromise a group and intra-group index conveyed in 3 LSBs of time index by PBCH DMRS;
· Alt-1a: 8 SSBs compromise a group and intra-group index conveyed in 3 LSBs of time index by PBCH DMRS;
· Alt-1b: up to 8 SSBs compromise a group and intra-group index conveyed in 3 LSBs of time index by PBCH DMRS;
· Inter-group index is conveyed by PBCH payload; 
· R15 FR2: 8 groups compromise a burst and inter-group index conveyed in 3 MSBs of time index by PBCH payload.
· Alt-1a: up to 4 groups compromise a window for candidate positions and inter-group index conveyed in 2 MSBs of time index by PBCH payload.
· Alt-1b: up to 8 groups compromise a window for candidate positions and inter-group index conveyed in 3 MSBs of time index by PBCH payload.
Soft combining within the same group no matter within the burst (within a DRS transmission window) or across the bursts (in different DRS transmission windows) can be supported in R15 FR2 with accepted UE complexity. Because Alt-1a and Alt-1b share the similar mechanism as R15 FR2, soft combining within the same group no matter within the burst or across the bursts can be supported in Alt-1a and Alt-1b. Therefore, we can support Alt-1a and Alt-1b for serving cell timing determination.
Proposal 2: Support Alt-1a and Alt-1b for serving cell timing determination.

QCL assumption
QCL assumption between SSBs across DRS transmission windows is necessary for measurement (averaging) and association relationship between SSB and RMSI PDCCH.
For measurement, it is common sense that only the QCLed SSBs across DRS transmission windows can be used for RSRP averaging.
For association relationship between SSB and broadcast PDCCH, at initial access stage, UE may blindly detect SSB with acquisition of PBCH in several DRS transmission windows, and begin to monitor RMSI PDCCH in the coming DRS transmission window. However, different from licensed band, the associated SSB and RMSI PDCCH (also QCLed) in two DRS transmission windows may not have the fixed time gap, due to LBT impact. So, QCL assumption or the relatively fixed association between SSBs across DRS transmission windows can reduce UE complexity of monitoring RMSI in the coming DRS transmission window.


Figure 1: Example of association between SSB and PDCCH in two DRS transmission windows
In [3], it was agreed that UE may assume SS/PBCH blocks in the same candidate position are QCL across DRS transmission windows.
	Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows


In [2], the major views for QCL assumption are Alt-1 and Alt-2, as shown in the below.
	· Alt-1: UE may assume a QCL relation between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission windows
· Support: ZTE, MotM, Lenovo, NTT Docomo, Sony, Huawei, HiSilicon (FFS: QCL relationship between SSB with different PBCH DMRS.)
· Alt-2: SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(SS/PBCH candidate position index, N), where N is the number of non-QCL SSBs, N ≤ X, can be regarded as QCLed
· FFS: How to indicate or determine N
· Support: Ericsson, Qualcomm, vivo, Intel, Fujitsu, LGE, Samsung, Nokia, NSB, NTT DOCOMO, Sharp, OPPO,Xiaomi


For Alt-2, together with the agreement that “UE may assume SS/PBCH blocks in the same candidate position are QCL across DRS transmission windows”, UE may know that some SSBs within a burst are QCLed. As mentioned by some companies, due to limitation of PSD/EIRP, beam repetition of SSBs may be more practical than beam sweeping of SSBs. In some cases where beamforming is applicable, beam sweeping plus beam repetition may be favorite for gNB deployment. Hence, QCLed SSBs within a burst may be considered as real deployment of NR-U. Further, QCLed SSBs can be indicated to UE for better measurement due to more samples for RSRP averaging. So, QCLed SSBs in a burst can be indicated to UE explicitly. Therefore, we support Alt-2 for QCL assumption.
On the other hand, we can strive to let UE derive QCL assumption without decoding PBCH, e.g. the modulo(index from 3 LSBs of PBCH, N) like mechanism can be studied.
Proposal 3: Support Alt-2 for QCL assumption, and strive to let UE derive QCL assumption without decoding PBCH.

PBCH DMRS sequence assumption
In [3], there was two alternatives for UE assumption on PBCH DMRS sequence across the DRS transmission windows.
	Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows


In our solution for timing determination as shown in Appendix, we prefer to maintain PBCH payload common in a burst, and thus we prefer that SSBs in the same candidate position across the DRS transmission windows have the same 2 LSBs. In other words, gNB can have two combinations of PBCH DMRS sequence and PBCH payload in a given candidate SSB position, in order to maintain PBCH payload common in a burst. 
However, regarding that the other solutions of timing determination may maintain the mechanism of soft-combining of PBCH payload similar as R15 FR2, we can support Alt1, i.e. “the PBCH DMRS sequence index is also the same”.
Proposal 4: Support Alt-1 for PBCH DMRS sequence assumption across the DRS transmission windows.

Priority of design targets
In the email discussion, it was proposed that we should prioritize the design targets from the below list of design targets.
	· The design of SSB transmission in NR-U needs to comply following Rel-15 NR principles. 
· Within a PBCH TTI (i.e., 80ms), same MIB contents are carried in every SSB.
· UE is not required to decode PBCH of every neighbor cell for RRM measurement 
· Following design targets can be considered for the design of SSB transmission in NR-U. 
· No [(or minimum)] change of PBCH DMRS sequence design from Rel-15 NR
· Full flexibility on number of actual transmitted SSBs within a DRS burst i.e., from 1 to X
· Full flexibility on starting position of DRS burst within a DRS transmission window i.e., from candidate position #0 to #Y-1
· Support transmitting one SSB per slot or two SSBs per slot using the two SSB positions
· Support asynchronous neighbor cell measurement
· Same (or less number of) PBCH DMRS sequence used for QCLed SSBs across DRS bursts
· PBCH bits for timing related information as common as possible within a DRS burst and/or across DRS bursts to facilitate PBCH soft-combining within the burst and/or across bursts
· Ability to support the transmission repetition of same beam in SSB candidate positions within a DRS transmission window
· Companies are encouraged to bring their proposed design of SSB transmission in NR-U with following information
· Whether/how to achieve each of above design targets
· How to carry information necessary for frame timing determination (e.g., how many bits in PBCH payload is used)


In our view, SSB features in R15 should be kept as much as possible, which are listed as follows.
· Within a PBCH TTI (i.e., 80ms), same MIB contents are carried in every SSB.
· Full flexibility on number of actual transmitted SSBs within a DRS burst i.e., from 1 to X
· Full flexibility on starting position of DRS burst within a DRS transmission window i.e., from candidate position #0 to #Y-1
· Support transmitting one SSB per slot or two SSBs per slot using the two SSB positions
The above features can be kept without new design.
Some new characteristics can be further discussed as follows. The compromised points are also provided in the following list.
· UE is not required to decode PBCH of every neighbor cell for RRM measurement 
· FR2 like mechanism (decoding PBCH may be needed in some cases)
· No [(or minimum)] change of PBCH DMRS sequence design from Rel-15 NR
· No change?
· Support asynchronous neighbor cell measurement
· Decoding PBCH may be needed 
· Same (or less number of) PBCH DMRS sequence used for QCLed SSBs across DRS bursts
· Same?
· PBCH bits for timing related information as common as possible within a DRS burst and/or across DRS bursts to facilitate PBCH soft-combining within the burst and/or across bursts
· FR2 like mechanism (bits for timing within a group, i.e. 8 SSBs with the same 3 MSBs, is the same)
· Ability to support the transmission repetition of same beam in SSB candidate positions within a DRS transmission window
· QCLed SSB within a burst can be known by UE, as discussed in QCL assumption

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 outside DRS.

Association between SSB and paging/OSI PDCCH
In NR-U, association between SSB and paging/OSI PDCCH outside DRS should be considered, since SSB provides QCL assumption for UE monitoring paging/OSI PDCCH. Specifically, SSB index within group implies a beam index, and the beam index can be used for UE to derive the association between SSB and paging/OSI PDCCH, like deriving the QCL assumption across the DRS windows.
Proposal 5: SSB index within group or beam index can be used for UE to derive the association between SSB and paging/OSI PDCCH.

RLM 
In RAN1#96 meeting, there was one agreement on RLM.
	Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure



RLM-RS outside the measurement window
It was agreed to support an RLM measurement window based on SSBs in the DRS for in-sync and out-of-sync evaluations. 
As an FFS point, whether RLM-RS outside the RLM measurement window could be for in-sync and out-of-sync evaluations needs further discussed. Due to LBT failure in NR-U, gNB is not able to send RLM-RS in some occasions in the RLM measurement window, and then the samples of RLM-RS is possibly not enough for evaluation at UE, especially for in-sync evaluation. It will cause the negative impact of insufficient RLM-RS due to LBT failure. However, in RAN1#95 it was agreed to study new mechanism to mitigate the negative impact of insufficient RLM-RS due to LBT failure. 
Therefore, we have the following proposal.
Proposal 6: Samples outside the RLM measurement window are not be considered for both out-of-sync evaluations and in-sync evaluations.

Metrics for RLM
As mechanism to handle missing RLM-RS due to LBT failure, the metric of the unsuccessful detection of RLM-RS due to LBT failure can be defined. There are two options as follows.
- 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 7: Whether to introduce the new metric needs to be discussed in RAN2 and RAN4.

Conclusion
We have the following proposals.
SSB transmission:
Proposal 1: DRS transmission within the DRS transmission window commences from a SSB candidate position that clears LBT and spans up to X consecutive SSB candidate positions.
Proposal 2: Support Alt-1a and Alt-1b for serving cell timing determination.
Proposal 3: Support Alt-2 for QCL assumption, and strive to let UE derive QCL assumption without decoding PBCH.
Proposal 4: Support Alt-1 for PBCH DMRS sequence assumption across the DRS transmission windows.

Paging and OSI:
Proposal 5: SSB index within group or beam index can be used for UE to derive the association between SSB and paging/OSI PDCCH.

RLM:
Proposal 6: Samples outside the RLM measurement window are not be considered for both out-of-sync evaluations and in-sync evaluations.
Proposal 7: Whether to introduce the new metric needs to be discussed in RAN2 and RAN4.
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Codepoint redesign
It was captured in the FL proposal [4] 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.

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}
	
	TXOP#0
	TXOP#1
	TXOP#2
	TXOP#3
	TXOP#4
	TXOP#5
	TXOP#6
	TXOP#7
	TXOP#8
	TXOP#9
	TXOP#10
	TXOP#11
	TXOP#12
	TXOP#13
	TXOP#14
	TXOP#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}
	
	TXOP#0
	TXOP#1
	TXOP#2
	TXOP#3
	TXOP#4
	TXOP#5
	TXOP#6
	TXOP#7
	TXOP#8
	TXOP#9
	TXOP#10
	TXOP#11
	TXOP#12
	TXOP#13
	TXOP#14
	TXOP#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.

Figures
[image: ]
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
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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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