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Introduction
In the RAN1 AH1901 meeting [1], RAN1#96 meeting [2], RAN1#96bis meeting [3], and RAN1#97 meeting [4], the following agreements were made.
Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)
Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum
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
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
Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.
Agreement:
For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.
Agreement:
UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).
Conclusion:
There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 
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
Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR
Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.
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
Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE

In this contribution, we discuss procedures with respect to initial access and mobility for NR unlicensed operations. This contribution is a revision of R1-1906835.

Discussion
DRS transmission
In last RAN1#97 meeting [4], it was concluded there was no consensus on the discussion for SSB position and Type-0 PDCCH starting symbol/length and no further online/offline discussion will be conducted. However, RAN1 has agreed in RAN1 AH1901 meeting [1] that “Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot”, which is contradictory to the conclusion. Two DRS transmissions within a slot could be considered and the discussion for Type0-PDCCH starting symbol/length should be revisited if this agreement is still applicable, otherwise only one DRS transmission within a slot has to be considered.
Observation 1: Two DRS transmissions within a slot could be considered if the agreement that “Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot” is still applicable, otherwise only one DRS transmissions within a slot has to be considered.
We suggest RAN1 to determine whether having two DRS transmissions within a slot is applicable or not, since the decision on the number of DRS transmissions within a slot directly impacts on later discussions related to DRS transmission, such as LBT shift granularity, the maximum number of actual transmitted SSBs, indexing of SSB candidate position, and so on.
Proposal 1: RAN1 should determine whether two DRS transmissions within a slot is applicable or only one DRS transmission within a slot is allowed.
For DRS only transmission, LBT Cat.2 and Cat.4 are applicable depending on DRS transmission duration. Assuming that two DRS transmissions within a slot is supported, to minimize the number of reservation signals in the case that Cat.4 is applied and to increase DRS transmission opportunity in the case of Cat.2, the LBT shift granularity for DRS transmission should be a half-slot. On the other hand, if only one DRS transmission within a slot is allowed as discussed in observation 1, the LBT shift granularity for DRS transmission is a slot basis.
In Rel-15, for the frequency range of 3-6 GHz, it was supported that up to 8 SSBs could be transmitted within half-frame. To achieve similar coverage with Rel-15 NR on licensed spectrum, NR-U should have a maximum of 8 SSBs within the DRS transmission window. It is noted that the actual number of transmitted SSBs must depend on the LBT Category. In the case of LBT Cat.2, in order not to exceed 1 msec transmission duration, up to 1/2 SSBs for 15/30 kHz SCS in the case of one DRS transmission within a slot and 2/4 SSBs for 15/30 kHz SCS in the case of two DRS transmissions within a slot are allowed to be transmitted, respectively.
[bookmark: _Hlk7104823]Proposal 2: The maximum number of actual transmitted SSBs within a DRS transmission window, X
· should be 8 in the case of LBT Cat.4
· should be 2/4 for 15/30 kHz SCS in the case of LBT Cat.2 and two DRS transmission within a slot
· should be 1/2 for 15/30 kHz SCS in the case of LBT Cat.2 and one DRS transmission within a slot
For SSB candidate position indication, although it was agreed that SSB candidate position is determined by a combination of PBCH DMRS sequence and 1 bit/2 bits PBCH payload, indexing of SSB candidate position has not been determined yet. Furthermore, for QCL assumption determination, it was agreed that “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” but the detailed design of A and Q is FFS. Since SSB candidate position indication and QCL assumption determination is tightly related, RAN1 should consider both aspects together.
Firstly, we discuss the possibility of extending the number of PBCH DMRS sequences because the number of PBCH DMRS sequence has not yet been determined. Increasing the number of PBCH DMRS sequences beyond 8 would be beneficial such that UE can easily know QCL assumption by detecting only PBCH DMRS sequence. However, this would require a change in the design of the PBCH DMRS sequence. If the number of DMRS sequences were increased, SSB index detection performance would be degraded as RAN1 discussed in Rel-15 [6]. We need to carefully consider the impact of a change of DMRS sequence, taking cross-correlation performance into account.
Observation 2: Increasing the number of PBCH DMRS sequences beyond 8 tends to increase occurrence of mis-detection of PBCH DMRS sequence. 
For SSB candidate position indication, according to the agreement and FL summary [5], the following 2 alternatives remain to be selected. 
· 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 Q as the maximum integer multiple of the number of transmitted beams per cell , subject to _tot, and s denotes the DMRS sequence index.
Alt-1a would provide a simple way for indexing of SSB candidate positions within the DRS transmission window. Since it was already introduced to Rel-15 FR2, specification impact would be minimized. On the other hand, for alt-1b, by indicating cycled sequence number c, beams could be optimally and fairly allocated into SSB candidate positions. However, before UE acquires information of c (especially at the stage of initial access), since UE doesn’t know the cycle of PBCH DMRS sequence, the number of PBCH DMRS detection hypotheses would be increased. For an example, consider the case where the UE detected PBCH DMRS sequence #5 at certain time instance. For alt-1a, UE would definitely assume PBCH DMRS is transmitted using only sequence #6 at the next time instance. On the other hand, for alt-1b, depending on the cycle value of the PBCH DMRS sequence, UE has to assume PBCH DMRS is transmitted using either sequence #6 or #0. This would result in higher PBCH DMRS detection complexity.
Observation 3: Alt-1b would increase the number of PBCH DMRS detection hypotheses compared to Alt-1a when cycle value c of PBCH DMRS sequence is unknown to UE.
In order to keep UE implementation complexity in NR-U as close as that for Rel-15 NR, increasing the number of hypotheses of PBCH DMRS sequence should be avoided. Therefore, based on the above analysis, to avoid increasing the number of PBCH DMRS detection hypotheses, values of Q should be restricted to a factor of 8. And, if the range of Q is restricted to a factor of 8, alt-1a and alt-1b are equivalent in terms of the number of  hypotheses of PBCH DMRS sequence. In this sense, it would be straightforward that the indexing of SSB position used in Rel-15 FR2 should be reused.
Proposal 3: Indexing of SSB candidate position should follow indexing of SSB position in Rel-15 FR2.
· 3 LSB bits of SSB candidate position index is derived by PBCH DMRS sequence. 1 MSB bit/2 MSB bits of SSB candidate position index for 15/30 kHz SCS is derived by PBCH payload.
· A should be derived by the SSB candidate position index.
· The range of Q should be restricted to 1, 2, 4, and 8.
By knowing the value of Q, UE finally acquires actual beam information of the associated SSB using the formula of modulo (A, Q). As we discussed in section 2.2, Type0-PDCCH should be located in the slot containing the associated SSB. This implies UE is already aware of QCL assumption for Type0-PDCCH transmission. Therefore, there is no significant impact if the UE doesn’t know beam information before receiving RMSI. On the other hand, for the RACH procedure, UE has to know beam information to determine available PRACH occasions. Therefore, Q should be indicated by RMSI.
Proposal 4: Q should be indicated by RMSI.

Type0-PDCCH monitoring
In Rel-15 NR, to realize flexible scheduling of RMSI in the time domain, it is allowed that RMSI can be scheduled in a different slot to that in which the associated SSB is transmitted. However, in NR-U, if SSB and RMSI are transmitted using separated slots, gNB may sometimes have to attempt LBT twice before transmitting DRS, which tends to reduce the transmission opportunity of DRS. We don’t see the motivation to transmit RMSI in a different slot from the associated SSB.
Proposal 5: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB (with the same QCL assumptions)

RRM/RLM enhancement
In unlicensed bands, due to LBT failure, it is not guaranteed that SS/CSI-RS will always be periodically transmitted. If SS/CSI-RS transmission is blocked, the UE may tend to underestimate cell quality and indicate out-of-sync (OOS) because the UE sometimes measures SS/CSI-RS resource where no SS/CSI-RS is transmitted due to LBT failure. By indicating COT, the UE can know where SS/CSI-RS resource is actually transmitted and can eliminate not-transmitted SS/CSI-RS resource from RRM measurement (at least RSRP measurement) and RLM evaluation procedures. The mechanisms of COT indication are discussed in [7].
[bookmark: _Hlk7104866]Proposal 6: RSRP measurement as RRM measurement and RLM evaluation outside COT should not be performed.

Conclusions
In this contribution, based on the above discussion, we have the following proposals:
Observation 1: Two DRS transmissions within a slot could be considered if the agreement that “Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot” is still applicable, otherwise only one DRS transmissions within a slot has to be considered.
Proposal 1: RAN1 should determine whether two DRS transmissions within a slot is applicable or only one DRS transmission within a slot is allowed.
Proposal 2: The maximum number of actual transmitted SSBs within a DRS transmission window, X
· should be 8 in the case of LBT Cat.4
· should be 2/4 for 15/30 kHz SCS in the case of LBT Cat.2 and two DRS transmission within a slot
· should be 1/2 for 15/30 kHz SCS in the case of LBT Cat.2 and one DRS transmission within a slot
Observation 2: Increasing the number of PBCH DMRS sequences beyond 8 tends to increase occurrence of mis-detection of PBCH DMRS sequence. 
Observation 3: Alt-1b would increase the number of PBCH DMRS detection hypotheses compared to Alt-1a when cycle value c of PBCH DMRS sequence is unknown to UE.
Proposal 3: Indexing of SSB candidate position should follow indexing of SSB position in Rel-15 FR2.
· 3 LSB bits of SSB candidate position index is derived by PBCH DMRS sequence. 1 MSB bit/2 MSB bits of SSB candidate position index for 15/30 kHz SCS is derived by PBCH payload.
· A should be derived by the SSB candidate position index.
· The range of Q should be restricted to 1, 2, 4, and 8.
Proposal 4: Q should be indicated by RMSI.
Proposal 5: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB (with the same QCL assumptions)
Proposal 6: RSRP measurement as RRM measurement and RLM evaluation outside COT should not be performed.
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