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Introduction
This contribution discusses initial access and mobility in NR-U. This contribution is revision of our contribution [R1-1906375] in RAN1#97.
[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



Serving cell timing determination
In RAN1#96bis [2], there were still a lot of alternatives for timing determination.
	Proposal: 
· The mechanism to determine SSB candidate position within a DRS transmission window is selected from one of the following, and to be down-selected in RAN1 #97:
· Alt-1: The SS/PBCH block position index is detected using a combination of PBCH DMRS sequence and [2] bits in the PBCH payload, and potentially repurpose bits in MIB
· 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.
· 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.
· Alt-1d: UE determines the timing within a half-frame based on PBCH DMRS sequences and information carried in PBCH payload (4 bits from Rel-15 timing information bits in PBCH and 1 bit from Rel-15 CORESET#0 SCS indication in MIB). The PBCH DMRS sequence index is cyclically mapped to candidate SSB positions according to the maximum allowed number of actually transmitted SSBs (i.e. X= 8). The 4 bits (for 15KHz SCS) or 5 bits (for 30KHz SCS) in PBCH payload carries information of the start timing of the DRS burst within the half-frame. Initialization of the pseudo-random sequence generator for SIB1 PDSCH DMRS sequence is based on an associated SSB candidate position index. Half-frame timing information is included in SIB1. 
· Alt-2: The SS/PBCH block position index is detected using PBCH DMRS sequence only
· FFS: If number of PBCH DMRS sequences is increased beyond 8
· Note: Y is limited to 8 if number of DMRS sequences is not increased
· Alt-4: SS/PBCH block position index is derived with the combination of PBCH DMRS sequence and the phase difference between PBCH DMRS and SSS.


There was an agreement in RAN1#97 [3] to down select the alternatives, which is shown as follows.
	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


In our view, from the above agreement, only Alt-1a and Alt-1b are the left candidates. Alt-1a and Alt-1b align the current agreement on bit number for PBCH DMRS and PBCH payload, but they have different timing determination mechanisms, i.e. different interpretations of the bits in PBCH DMRS and PBCH payload. In Alt-1a, the serving cell timing is , but in Alt-1b, the serving cell timing is , where  can be 5, 6, 7 or 8.

Low-complexity soft combining of PBCH payload across windows
Alt-1a, Alt-1b and R15 FR2 have the following similar characteristics:
· The candidate position of SSBs are segmented into groups;
· Intra-group index is conveyed by PBCH DMRS;
· R15 FR2: 8 SSBs form a group, and intra-group index is conveyed in 8 sequences of PBCH DMRS;
· Alt-1a (30kHz SCS): 8 SSBs form a group, and intra-group index is conveyed in 8 sequences of PBCH DMRS;
· Alt-1b (30kHz SCS): 5 or 6 or 7 or 8 SSBs form a group, and intra-group index is conveyed in 5 or 6 or 7 or 8 sequences of PBCH DMRS;
· For Q=1/2/4/8, it is the same as that of Alt-1. 
· For Q=7, 7 SSBs form a group, and intra-group index is conveyed in in 7 sequences of PBCH DMRS. 
· For Q=3/6, 6 SSBs form a group, and intra-group index is conveyed in 6 sequences of PBCH DMRS. 
· For Q=5, 5 SSBs form a group, and intra-group index is conveyed in in 5 sequences of PBCH DMRS.
· Inter-group index is conveyed by PBCH payload; 
· R15 FR2: 8 groups form a burst set, and inter-group index is conveyed in 3 MSBs of time index by PBCH payload;
· Alt-1a (30kHz SCS): 3 groups form a window for candidate positions, and inter-group index is conveyed in 2 MSBs of time index by PBCH payload;
· Alt-1b (30kHz SCS): 4 or 3 groups form a window for candidate positions, and inter-group index is conveyed in 3 MSBs of time index by PBCH payload;
· For Q=1/2/4/8, it is the same as that of Alt-1. 
· For Q=7, 3 groups form a window, and inter-group index is conveyed in 2 MSBs of time index by PBCH payload. 
· For Q=3/6, 4 groups form a window, and inter-group index is conveyed in 2 MSBs of time index by PBCH payload. 
· For Q=5, 4 groups form a window, and inter-group index  is conveyed in 2 MSBs of time index by PBCH payload.
It is general view that soft combining within the same group (i.e. the same 3 MSBs of SSB time index) can be supported in R15 FR2 with low complexity at UE side. 
[image: ]
Figure 1: Example of the low-complexity soft combining of PBCH payload across windows for Alt-1a
In cell search, due to unknown of value of Q, UE has to perform soft combining of PBCH payload for the SSBs with the same PBCH DMRS, no matter for Alt-1a or for Alt-1b. In this way, the low-complexity soft combining across windows is supported by both Alt-1a and Alt-1b with the similar complexity at UE side. 
Observation 1: The low-complexity soft combining across windows is supported by both Alt-1a and Alt-1b with the similar complexity at UE side.

High-complexity soft combining of PBCH payload across windows
To achieve the larger soft combining gain, a high-complexity soft combining can be exploited beyond that of FR2. In this implementation, soft combining is performed across different groups (i.e. the different 3 MSBs of SSB time index). Together with different SFN, the different bits in PBCH payload is largely increased, and thus the number of hypothesis testing is significantly increased.
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Figure 2: Example of the high-complexity soft combining of PBCH payload across windows for Alt-1a
Moreover, as reported by other companies, due to lack of knowledge of the inter-group index of the first detected group in the first window, the second window detected at UE side needs to be enlarged beyond 5ms for purpose of soft combining across the two windows.  
Observation 2: Soft combining across different groups (i.e. the different 3 MSBs of SSB time index) has issue of high complexity at UE.
It should be noted that the high-complexity soft combining of PBCH payload may not applicable in Alt-1b, because before PBCH payload is decoded successfully UE cannot know the boundary of groups due to the unknown value of Q and UE needs to try large number of hypothesis testing [4] [5].
Observation 3: The high-complexity soft combining of PBCH payload may not applicable in Alt-1b.

Soft combining of PBCH payload solely within a window
In general, if gNB achieves a TXOP, gNB may transmit a SSB burst as long as possible if MCOT and duty cycle allows. In this strategy, opportunity of SSB transmission can be increased. Therefore, gNB may transmit a SSB burst as long as possible within a window. For example, if Cat-2 LBT for DRS transmission is applied at gNB and 1/20 duty cycle is applied, then gNB may transmit 8 SSBs with 30kHz SCS in periodicity of 40ms, once TXOP is achieved. In this example, UE can perform soft combining of PBCH payload within a window to achieve about 9dB gain. As another example, gNB can transmit 16 SSBs with 30kHz SCS in periodicity of 80ms, and correspondingly UE can perform soft combining of PBCH payload within a window to achieve about 12dB gain. In these two examples, the gain of soft combining only within a window may be enough considering the necessary PBCH coverage. Regarding UE complexity, in these two example, the number of hypothesis testing is limited because there are only up to 2 different bits for different PBCH instance.
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Figure 3: Example of the soft combining of PBCH payload solely within a window for Alt-1a
Moreover, if UE supports the soft combining of PBCH payload solely within a window, the latency of cell selection/reselection can be also reduced.
Furthermore, if UE buffer size allows, UE can maintain two parallel branches of soft combining algorithm till PBCH CRC passes, where the first branch is the low-complexity soft combining across windows (i.e. the same 3 MSBs of SSB index), and the second branch is the soft combining solely within a window. In this way, the soft combining solely within a window is compatible with the low-complexity soft combining across windows. 
Observation 4: If UE support the soft combining of PBCH payload solely within a window, some benefits can be achieved, such as the expected gain, small latency and compatibility with the low-complexity soft combining across windows.
It should be noted that the soft combining of PBCH payload solely within a window may not applicable in Alt-1b, because before PBCH payload is decoded successfully UE cannot know the boundary of group due to the unknown value of Q. Comparing with the high-complexity soft combining of PBCH payload across windows, the number of hypothesis testing may be reduced, because UE may “guess” value of Q by the index retrieved from PBCH DMRS. But in our view, this algorithm may not be robust.
Observation 5: The soft combining of PBCH payload solely within a window may not applicable in Alt-1b.

Different strategies of soft combining of PBCH payload
Different strategies of soft combining of PBCH payload at UE are compared in the following table.
Table 1: Comparison of different strategies of soft combining of PBCH payload
	
	Low-complexity soft combining of PBCH payload across windows
	High-complexity soft combining of PBCH payload across windows
	Soft combining of PBCH payload solely within a window

	R15 FR2
	Support
	Not necessary due to multi-beam based deployment
	Not necessary due to multi-beam based deployment

	Alt-1a
	Support
	Complexity at UE may not acceptable
	Necessary due to beam repetition deployment.
It is compatible with the low-complexity soft combining of PBCH payload across windows. Supporting both or one of them is up to UE implementation.



Summary
As a summary for serving cell timing determination, considering UE complexity of soft combining of PBCH payload, in our view, the two types of soft combining of PBCH payload are acceptable at UE, such as the low-complexity soft combining across windows and the soft combining solely within a window. In this sense, Alt-1a is slight preferred, i.e. UE determines serving cell timing from the SSB candidate position index based on Rel-15 procedure (FR2). 
More specifically, PBCH DMRS sequence index (3 bits) is the 3 LSBs of SSB time 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 is 1 or 2 MSBs of SSB time index.
UE determines serving cell timing in Rel-15 is shown as follows.
	




The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to . A UE determines the 2 LSB bits, for , or the 3 LSB bits, for , of a SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For , the UE determines the 3 MSB bits of the SS/PBCH block index per half frame from PBCH payload bits  as described in [5, TS 38.212].


In NR-U, Lmax should be 10 for 15kHz SCS or 20 for 30kHz SCS.  So, the specification should appended for NR-U case shown as follows.
	



For , the UE determines the 1 MSB bit of the SS/PBCH block index per half frame from PBCH payload bits  as described in [5, TS 38.212]. For , the UE determines the 2 MSB bits of the SS/PBCH block index per half frame from PBCH payload bits  as described in [5, TS 38.212]


Proposal 1: UE determines the 3 LSB bits of a SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH, and determines 1 MSB bit (15kHz SCS) or 2 MSB bits (30 kHz SCS) of the SS/PBCH block index per half frame from PBCH payload bits.

DRS periodicity
As discussed above, it is better that gNB transmits a SSB burst as long as possible within a window. The maximum length of a SSB burst, or equivalently the maximum number of actually-transmitted SSBs, has been discussed in RAN1#96bis [2]. 
	Proposal from online:
If gNB sends the first SSB of a burst at SSB candidate position A, the gNB is not expected to transmit another SSB in the SSB burst at SSB candidate position A+8 and above within the DRS transmission window (Candidate positions cannot exceed Y)


In our view, the maximum length of a SSB burst can be implicitly restricted by the duty cycle of DRS. As mentioned above in an example, gNB can transmit 16 SSBs with 30kHz SCS in periodicity of 80ms, under assumption that 1/20 duty cycle is applied at gNB.
Observation 6: The maximum length of a SSB burst can be implicitly restricted by the duty cycle of DRS.
Under restriction of duty cycle of DRS, DRS periodicity should not be too small. If the soft combining of PBCH payload solely within a window is assumed at both UE and gNB, large DRS periodicity can potentially raise the number of actually-transmitted SSBs in a window, because gNB should send SSBs as much as possible once LBT is successful. If low-complexity soft combining of PBCH payload across windows is assumed at both UE and gNB, large DRS periodicity is also welcome, because it can make some bits of PBCH payload common, e.g. the half-frame indication and low LSBs of SFN.
[bookmark: _GoBack]However, the large DRS periodicity may need large buffer size at UE side, so the complexity of UE should be considered as defined the set of DRS periodicity. It can be an FFS point.
Anyway, the default DRS periodicity can be equal to 20ms.
Proposal 2: The default DRS periodicity can be equal to 20ms.

QCL assumption
It was agreed in RAN1#97 that for a serving cell, a QCL relation between SSBs has the same value of modulo(A, Q), where Q is indicated to UE by gNB. It is the FFS points of the value of A, Q indication and the range of Q. 
	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



Functions of QCL assumption
Increasing RRM measurement accuracy 
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, which is shown in the following figure. But this is not supported in Alt-1.
[image: ]
Figure 4: Example of QCL assumption derivation within a window
If UE may know that some SSBs within a SSB burst are QCLed, UE can average the RSRP measurements for these QCLed SSBs. Supporting the RSRP averaging within a SSB burst can overcome lack of RSRP samples due to LBT failure.
Observation 7: If UE may know that some SSBs within a SSB burst are QCLed, UE can average the RSRP measurements for these SSBs.

Increasing the number of RMSI PDCCH monitoring occasions that associated with a given detected SSB
In general, after acquiring MIB by decoding PBCH in the current DRS transmission window, UE will monitor RMSI PDCCH in the coming DRS transmission window. Specifically, UE will only monitor the RMSI PDCCH monitoring occasions that associated the detected SSB(s), but the RMSI PDCCH monitoring occasions may not have opportunity to be transmitted due to LBT failure. Hence, if there are a lot of the RMSI PDCCH monitoring occasions that associated with a given detected SSB, probability of UE detecting RMSI PDCCH successfully will be increased. For example, if Q=4, for a given detected SSB, there are 5 RMSI PDCCH monitoring occasions associated in the next window, which is shown in the following figure.
[image: ]
Figure 5: Example of association between SSB and RMSI PDCCH in two DRS transmission windows, if Q=4
As another example, if Q=8, for a given detected SSB, there are only 2 RMSI PDCCH monitoring occasions associated in the next window, which is shown in the following figure.
[image: ]
Figure 6: Example of association between SSB and RMSI PDCCH in two DRS transmission windows, if Q=8
The different number of RMSI PDCCH monitoring occasions that associated with a given detected SSB for different N/Q is shown the following table.
Table 2: The different number of RMSI PDCCH monitoring occasions that associated with a given detected SSB for different N/Q
	
	The number of RMSI PDCCH monitoring occasions that associated with a given detected SSB

	N = Q = 1
	floor(20/1) = 20

	N = Q = 2
	floor(20/2) = 10

	N = Q = 4
	floor(20/4) = 5

	N = Q = 8 (i.e. Alt-1)
	floor(20/8) = 2


It can be observed that the number of RMSI PDCCH monitoring occasions that associated with a given detected SSB decreases as N/Q decreases.
Observation 8: QCL assumption between SSBs across DRS transmission windows can increase the number of RMSI PDCCH monitoring occasions that associated with a given detected SSB.
It is common understanding, due to limitation of PSD/EIRP, beam repetition of SSBs may be more practical than beam sweeping of SSBs. In some cases, beam sweeping plus beam repetition may be favorite for gNB deployment. Hence, QCLed SSBs within a SSB burst may be considered as real deployment of NR-U.
Observation 9: QCLed SSBs in a SSB burst is feasible in real deployment.

Value of A and Q
There are two alternatives for value of A, including the SSB candidate position index and PBCH DMRS sequence index. 
If candidate values of Q are 1/2/4/8, the two alternatives of value of A will lead to the same result of modulo operation, since modulo(A, Q) is equivalent to get the 3 LSBs of A, and the 3 LSBs of the SSB candidate position index and PBCH DMRS sequence index are equal. Therefore, for simplicity, if candidate values of Q are 1/2/4/8, A can be specified as PBCH DMRS sequence index.
On the contrary, if candidate values of Q are more than 1/2/4/8, the two alternative of value of A will cause the different results of modulo operation. From feasibility, in this case, modulo(A, Q) can give the correct timing of serving cell, where A is the SSB candidate position index. However, it will cause UE to acquire timing of neighbor cell to get QCL assumption of neighbor cell. In our view, it may result in the acquisition of timing of neighbor cell at neighbor cell RRM measurement procedure. It may be argued that UE can perform neighbor cell RRM measurement without the exact QCL assumption, i.e. UE can assume only two SSBs with the same PBCH DMRS sequence index have the same QCL assumption which is supported in R15. But this will cause the neighbor cell RRM measurement degradation.
Therefore, to avoid PBCH payload decoding to acquire the timing of neighbor cell to get QCL assumption, it is better to restrict values of Q as 1/2/4/8.acquisition.
Proposal 3: For a serving cell and neighbor 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, where A is PBCH DMRS sequence index and Q is chosen from values 1/2/4/8.

Indication of Q
For serving cell, as mentioned in Section 2.3.1, QCL assumption can provide the exact RMSI PDCCH monitoring occasions due to association between SSB and RMSI PDCCH. Moreover, there are some bits not necessary in PBCH payload, e.g. RMSI PDCCH SCS indication, and Q values need up to 2 bits if Q comes from 1/2/4/8. Therefore, Q can be indicated in PBCH payload for serving cell.
Proposal 4: For serving cell, Q can be indicated in PBCH payload.
For neighbor cell, QCL assumption may only provide the information of RRM average in the beam level. There are two types of neighbor cells for RRM measurement, i.e. the listed cells and the detected cells. gNB can provide the Q value for a listed cell via RRC signaling, but gNB cannot provide the Q value for a detected cell. For the detected cells, UE can get the Q value through performing PBCH decoding for the target detected cell, or UE just assumes Q equal to 8 and performs RRM measurement as R15 behavior. Anyway, for the detected cells, signaling to indicate UE on Q value seems infeasible.
Proposal 5: For neighbor cell which is a listed cell, Q can be indicated by the dedicated RRC signaling.



Conclusion
We have the following proposals.
Proposal 1: UE determines the 3 LSB bits of a SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH, and determines 1 MSB bit (15kHz SCS) or 2 MSB bits (30 kHz SCS) of the SS/PBCH block index per half frame from PBCH payload bits.
Proposal 2: The default DRS periodicity can be equal to 20ms.
Proposal 3: For a serving cell and neighbor 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, where A is PBCH DMRS sequence index and Q is chosen from values 1/2/4/8.
Proposal 4: For serving cell, Q can be indicated in PBCH payload.
Proposal 5: For neighbor cell which is a listed cell, Q can be indicated by the dedicated RRC signaling.
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