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Introduction
This contribution discusses initial access and mobility in NR-U. This contribution is revision of our contribution [R1-1908964] in RAN1#98.
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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



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. Detailed comparison between Alt-1a and Alt-1b can be found in Appendix.
It was agreed in RAN1#98 [4] that the 3 LSB bits of SSB candidate position index are conveyed by the PBCH DMRS sequence index.
	Agreement:
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.


In our view, at least from UE perspective, serving cell time is determined by . Therefore, in our view, Alt-1b is has been merged to Alt-1a.
Observation 1: Alt-1b has been merged to Alt-1a.
Furthermore, it was agreed in RAN1#98 [4] how the 1 or 2 MSB bits of SSB candidate position index are conveyed by the PBCH payload.
	Agreement:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)


With above two agreements, there seems no open issue that is essential in serving cell timing determination at least from UE perspective.
Observation 2: There seems no open issue that is essential in serving cell timing determination at least from UE perspective.

QCL assumption
The QCL derivation for both serving cells and neighbor cells was agreed in RAN1#98 [4]. 
	Agreement:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells



Functions of QCL assumption
RRM measurement
From above agreement, UE may know that some SSBs within a burst are QCLed, which is shown in the following figure.
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Figure 1: Example of QCL assumption derivation within a window
If UE knows 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. On the other hand, from UE complexity perspective, UE only detect SSB (position) for measurement which is QCLed with the SSB indicated by ssb-ToMeasure.
Observation 3: If UE knows QCL relationship of SSBs, UE can average the RSRP measurements for SSBs and only detect SSB which is QCLed with the SSB indicated by ssb-ToMeasure.

RMSI PDCCH monitoring occasions
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 RMSI PDCCH monitoring occasions may not have opportunity to be transmitted due to LBT failure. Hence, if there are a lot of 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.
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Figure 2: 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.
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Figure 3: 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 Q is shown the following table.
Table 1: The different number of RMSI PDCCH monitoring occasions that associated with a given detected SSB for different Q
	
	The number of RMSI PDCCH monitoring occasions that associated with a given detected SSB

	Q = 1
	20 for 30kHz SCS, 10 for 15kHz SCS

	Q = 2
	10 for 30kHz SCS, 5 for 15kHz SCS

	Q = 4
	5 for 30kHz SCS, 2 or 3 for 15kHz SCS

	Q = 8
	2 or 3 for 30kHz SCS, 1 or 2 for 15kHz SCS


It can be observed that the number of RMSI PDCCH monitoring occasions that associated with a given detected SSB decreases as Q decreases.
Observation 4: 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 5: QCLed SSBs in a SSB burst is feasible in real deployment.
In RAN1#98, it was agreed that UE should monitor Type0-PDCCH in the slots associated with SSBs that are  QCLed.
	Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.


Observation 6: QCL assumption used for Type0-PDCCH monitoring occasions determination at UE is specified.

QCL assumption is not used in SSB detection
The value of Q is not necessary when UE perform SSB detection, including PSS/SSS/PBCH detection. 
Firstly, UE can perform PSS/SSS detection, including combination of multiple instances, without knowledge of QCL assumption. It should be noted that, if two same PSS/SSS instances are transmitted by geographically separated TRPs, UE can use an averaged coarse timing to detect PCI. Whether UE can detect PCI successfully is up to TRP deployment, in other words, in this case deployment should guarantee the coverage. Furthermore, the high-complexity UE can maintain multiple coarse timing to serve this case of multi TRPs. That says timing resolution is up to UE implementation. Combination of sequence correlations is just to accumulate or average the power like value to overcome noise and interference, which means that different instances acquired with different timing can be combined surely.
Secondly, UE can perform PBCH-DMRS detection (for 3 LSB bits of time index) without knowledge of QCL assumption. UE can combine multiple instances of PBCH-DMRS with the same DRMS sequence index according positions. Similar to PSS/SSS detection, timing for detection is up to UE implementation. 
Thirdly, UE can perform PBCH reception without knowledge of QCL assumption. UE can combine multiple instances of PBCH with the acceptable number of hypotheses. Again, timing for reception is up to UE implementation. Soft combination is just to accumulate or average the soft bits (LLRs) to overcome noise and interference, which means that different instances acquired with different timing can be combined surely.
Usually, UE maintain one or more top fine timing values from the strong instances, and output the strongest fine timing after SSB detection.
From the other perspective, if UE should know QCL assumption for SSB detection, the current beam sweeping and beam repetition in standard transparent way for SSB transmission in R15 may have problem. For instance, if R15 gNB tries to use beam sweeping and beam repetition with Q=2, but R15 UE always assumes beam sweeping, i.e. Q=8, does this misunderstanding between gNB and UE cause issue? We do not think so. In our view, even R15 gNB falls back to transmit eight SSBs with Omni-directional coverage in 2GHz frequency, i.e. Q=1, R15 UE can still detect SSBs.
As summary, UE can perform cell search without knowledge of QCL assumption, also without value of Q.
Observation 7: UE can perform cell search without knowledge of QCL assumption, also without value of Q.

Value of Q
The value of Q needs to be down-selected from {1, 2, 4, 8} according to RAN1#98 agreement [4].
	Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.
· FFS: Further down-selection of allowed values.


For serving cell, as mentioned in Section 2.2.1, indication of Q in PBCH payload has the following benefits than indication in RMSI:
· QCL assumption can provide RMSI PDCCH monitoring occasions due to association between SSB and RMSI PDCCH. 
· If Q is known after MIB acquisition before RMSI acquisition, UE may average T/F offset across the QCLed SSBs to get more accurate T/F tracking to receive RMSI.
On the other hand, from the signaling overhead perspective, Q values need 2 bits if Q comes from 1/2/4/8. There are some bits released in PBCH payload for NR-U, e.g. 
· 1 or 2 bits of time index.
· RMSI PDCCH SCS indication, because of common SCS between SSB and initial active BWP.
· Indication of CORESET0 configuration, because of less choice of CORESET0 frequency position.
· Indication of search space zero configuration, because of less choice of RMSI PDCCH monitoring occasions in search space zero.
Therefore, Q can be indicated in PBCH payload for serving cell.
Proposal 1: 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, which has no spec impact.
Proposal 2: For neighbor cell which is a listed cell, Q can be indicated by the dedicated RRC signaling.
Regarding the specific value of Q, it is a concern that Q=1 cause too many RMSI PDCCH monitoring occasions. However, because the broadcast PDCCH, e.g. paging/OSI/RAR, can be a part of DRS (supporting Cat 2 LBT), the broadcast PDCCH can share the same PDCCH monitoring occasions with RMSI PDCCH, e.g. in search space zero. Hence, more RMSI PDCCH monitoring occasion can make sharing of time resource of PDCCH more efficient. Therefore, Q=1 can also be supported.
Proposal 3: The value of Q can be {1, 2, 4, 8}.

PDSCH rate matching
Here we only discuss the cases of DRS multiplexed with unicast data. As the agreement in RAN1#95 and RAN1#96, these this will use Cat 4 LBT. 
	RAN1#95 Agreement:
· For initiation of a COT by the gNB (operating as an LBE device), following LBT schemes are used (the table below, see also possible exception in the Note, to be discussed later)
	Channels / signals initiating the COT
	Cat 2 LBT
	Cat 4 LBT

	DL
	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	when the DRS duty cycle <= 1/20, and the total duration is up to 1 ms:
· 25 us Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or 
total duration > 1 ms, 


	
	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


	
	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data






	RAN1#96 Agreement:
For initiation of a gNB transmission:
· LBT other than Cat 4 is not used for DRS multiplexed with unicast data
· LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.



[bookmark: _GoBack]PDSCH with GC-PDCCH indicating COT structure
In R15, PDSCH including broadcast PDSCH (RMSI/RAR/paging PDSCH) and unicast PDSCH, can be performed rate matching around SSB(s) according to ssb-PostionsInBurst, as described in 38.214 shown below.
	When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
A UE expects a configuration provided by ssb-PositionsInBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsInBurst in SIB1.
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH with SPS, the REs corresponding to the configured or dynamically indicated resources in Subclauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 


It should be noted that in licensed band, as a prerequisite, gNB should use the fixed pattern for the actually transmitted SSBs until ssb-PositionsInBurst changes. In NR-U, whether gNB should use the fixed pattern for the actually transmitted SSBs is still open. 
The main scenario to be discussed is PDSCH (other than RMSI PDSCH) multiplexing with DRS, which is described in details as follows.
· If gNB achieves TXOP with LBT cat-4 and the corresponding COT is overlapping with DRX transmission window, gNB can multiplex the PDSCH other than RMSI PDSCH and DRS.
In this scenario, there are two options for gNB to send SSB(s), shown as follows.
· Option-1: The pattern for the actually transmitted SSBs is not “fixed” and not indicated by ssb-PositionsInBurst. Under this assumption, gNB can transmit SSBs flexibly, e.g.  gNB can transmit SSBs after multiple TXOP even in a DRX window.
· Option-2: The pattern for the actually transmitted SSBs is “fixed” and indicated by ssb-PositionsInBurst. Under this assumption, gNB will transmit the SSBs starting from the first available SSB candidate position, and cyclically shift the forepart. UE can derive the “cyclically shifted” version of the actually transmitted SSBs according to ssb-PostionsInBurst and COT, if UE is informed COT structure by GC-PDCCH. 
Option-1 may be preferred by gNB vendor because it can provide flexibility and gNB can send SSBs after multiple TXOP even in a DRS window. The main drawback of Opiton-1 is that, UE cannot derive the potions of the actually transmitted SSBs and then cannot perform PDSCH rate matching. 
Observation 8: If the pattern of the actually transmitted SSBs is not “fixed” and not indicated by ssb-PostionsInBurst, UE cannot derive the pattern of the actually transmitted SSBs and then cannot perform PDSCH rate matching.
Option-2 may be preferred by UE vendor because it can reduce UE complexity at least for rate matching. For example, if the pattern of the actually transmitted SSBs is fixed as 11011101 (1 means presence of SSB, 0 means absence of SSB), and if gNB achieves TXOP after the first two SSB candidate positions, then gNB will transmit SSBs as 01110111, in which the first two SSBs are “cyclically shifted” to the two SSB candidate positions after the eight SSB candidate positions. So, if UE is aware of the first available SSB candidate position at which gNB begins to send the actually transmitted SSBs, UE can derive the “cyclic shift” version of the actually transmitted SSBs to perform PDSCH rate matching. As an example of implementation at UE, UE can construct a set representing the SSB presence or not at all SSB candidate potions, which is {11011101, 11011101, 1101}. Then UE can derive the “cyclic shift” version of the actually transmitted SSBs, once it is aware of the first available SSB candidate position. The following figure shows the three cases with different TXOP at gNB.
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Figure 4: Example of the pattern of the actually transmitted SSBs is “fixed” and indicated by ssb-PostionsInBurst
From the above figure, we can observe that:
· Case 1: The first available SSB candidate position is at the No.1 candidate position of 20 candidate positions. UE can derive the “cyclic shift” version is 11011101, also it knows the last two SSBs are not transmitted due to COT.
· Case 2: The first available SSB candidate position is at the No.3 candidate position of 20 candidate positions. UE can derive the “cyclic shift” version is 01110111.
· Case 3: The first available SSB candidate position is at the No.15 candidate position of 20 candidate positions. UE can derive the “cyclic shift” version is 011101.
Therefore, UE can derive the “cyclic shift” version of the actually transmitted SSBs with knowledge of COT.
The main drawback of Option-2 is that when GC-PDCCH is not configured, UE still cannot know the first available SSB candidate position. 
Observation 9: If the pattern of the actually transmitted SSBs is “fixed” and is indicated by ssb-PositionsInBurst, and if UE is aware of the first available SSB candidate position at which gNB begins to send the actually transmitted SSBs, UE can derive the “cyclic shift” version of the actually transmitted SSBs to perform PDSCH rate matching.
Because ssb-PositionsInBurst should be utilized and there is no additional complexity at UE, we slightly prefer Option-2. To support Option-2, it should be restricted that gNB should transmit SSBs with the original version or “cyclic shift” version of the configured pattern of the actually transmitted SSBs (starting at the first available SSB candidate position).
Regarding “starting at the first available SSB candidate position”, the first available SSB candidate position may be derived by UE according to the “shifting granularity” discussed before. For example, if the shift granularity is 1 slot, UE can know the first available SSB candidate is the first SSB position in the first slot of COT.
In addition, as mentioned in Section 2.4, ssb-PostionsInBurst can be used for Association between the actually transmitted SSB and paging/OSI PDCCH. Therefore, ssb-PostionsInBurst defined in R15 can be reused.
Proposal 4: The parameter ssb-PostionsInBurst defined in R15 is reused in NR-U.
Proposal 5: The pattern of the actually transmitted SSBs is semi-statically configured by ssb-PositionsInBurst.
Proposal 6: gNB should transmit SSBs with the original version or “cyclic shift” version of the semi-statically configured pattern of the actually transmitted SSBs after achieving TXOP. FFS: The shifting granularity due to LBT failure.

PDSCH without GC-PDCCH indicating COT structure
There are some typical cases that PDSCH transmission without GC-PDCCH indication COT structure. 
· Case-1: Broadcast PDSCH, e.g. paging/OSI/RAR, scheduled by broadcast PDCCH. These broadcast PDSCH can be outside of DRS, and UE monitors the broadcast PDCCH in a given window, e.g. paging monitoring occasion window or OSI window.
· Case-2:  Unicast PDSCH scheduled by PDCCH in search space associated to COREST0. In this case, UE monitors PDCCH based on SSB, e.g. the SSB is indicated in the most recent TCI state, according to the description in Subclause 10.1 of TS 38.213. 
	For DCI formats with CRC scrambled by a C-RNTI, the UE monitors corresponding PDCCH candidates only at monitoring occasions associated with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of 
-	a MAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the SS/PBCH block, or 
-	a random access procedure that is not initiated by a PDCCH order that triggers a non-contention based random access procedure


For Case-1 and Case-2, UE is not informed by GC-PDCCH about COT structure. Thus, the PDSCH rate matching described in Section 2.3.1 is not feasible. However, whether we should optimize these cases to enable PDSCH rate matching around SSB is worth to be discussed. There are some ways to alleviate the impact, shown as follows.
· Broadcast PDSCH can be configured a part of DRS to be rate matched around SSB(s) as mentioned in our companion contribution [5].
· Unicast PDSCH can rely on the dynamic rate matching mechanism by rateMatchPatternGroup1 or rateMatchPatternGroup2 to enable rate matching around SSB(s), as defined in Subclause 5.1.4.1 of TS 38.214. 
· For unicast PDSCH, the flexible frequency resource allocation is also a way to avoid overlapping with SSB(s). 
Observation 10: When GC-PDCCH is not configured, PDSCH rate matching may not be necessary.

Association between the actually transmitted SSB and paging/OSI PDCCH
The parameter of ssb-PositionsInBurst can be also used for association between the actually transmitted SSB and paging/OSI PDCCH.
For paging, the association between SSB and paging PDCCH (other the search space 0) is defined in 38.304 with the aid of ssb-PositionsInBurst, as shown below.
	When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.


For OSI, the association between SSB and OSI PDCCH (other the search space 0) is defined in 38.331 with the aid of ssb-PositionsInBurst, as shown below.
	If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.


Observation 11: The parameter ssb-PostionsInBurst can be used for Association between the actually transmitted SSB and paging/OSI PDCCH.

Usage of ssb-ToMeasure
In the measurement object configuration, UE can be configured with ssb-ToMeasure, described in 38.331.
	ssb-ToMeasure
The set of SS blocks to be measured within the SMTC measurement duration. The first/leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not to be measured while value 1 indicates that the corresponding SS/PBCH block is to be measured (see TS 38.215 [9]). When the field is not configured the UE measures on all SS blocks. Regardless of the value of this field, SS/PBCH blocks outside of the applicable smtc are not to be measured. See TS 38.215 [9] clause 5.1.1.


Like ssb-PositionsInBurst, it is a full bitmap for SSB positions. But different from ssb-PositionsInBurst, it indicates the SSB to be measured in the SMTC measurement duration.
Similar as ssb-PositionsInBurst, only if the pattern of the actually transmitted SSBs is “fixed”, this parameter is useful for UE to derive the SSBs to be measured.
Proposal 7: The parameter ssb-ToMeasure defined in R15 is reused in NR-U.

Conclusion
We have the following proposals.
Proposal 1: For serving cell, Q can be indicated in PBCH payload.
Proposal 2: For neighbor cell which is a listed cell, Q can be indicated by the dedicated RRC signaling.
Proposal 3: The value of Q can be {1, 2, 4, 8}.
Proposal 4: The parameter ssb-PostionsInBurst defined in R15 is reused in NR-U.
Proposal 5: The pattern of the actually transmitted SSBs is semi-statically configured by ssb-PositionsInBurst.
Proposal 6: gNB should transmit SSBs with the original version or “cyclic shift” version of the semi-statically configured pattern of the actually transmitted SSBs after achieving TXOP. FFS: The shifting granularity due to LBT failure.
Proposal 7: The parameter ssb-ToMeasure defined in R15 is reused in NR-U.
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Appendix
A1  Comparison between Alt-1a and Alt-1b
A1.1  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. 
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Figure A1: Example of the low-complexity soft combining of PBCH payload across windows for Alt-1a
For Alt-1a, UE can know the boundary of group according to PBCH DMRS, and perform soft combining within a group. But for Alt-1b, due to lack of information of Q, UE cannot know the exact boundary of group according the PBCH DMRS, and UE can only perform soft combining of PBCH payload for the SSBs with the same PBCH DMRS. 
Observation A1: The low-complexity soft combining across windows is restrictive in Alt-1b.

A1.2  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 A2: 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 A2: 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 [7] [8].
Observation A3: The high-complexity soft combining of PBCH payload may not applicable in Alt-1b.

A1.3  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 A3: Example of the soft combining of PBCH payload solely within a window for Alt-1a
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 A4: The soft combining of PBCH payload solely within a window may not applicable in Alt-1b.

A1.4  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 A1: 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.



A1.5  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 slightly preferred, i.e. UE determines serving cell timing from the SSB candidate position index based on Rel-15 FR2 procedure. 
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