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Introduction
In RAN#82 meeting, the work item for NR-U was approved [1]. The WID includes the following objectives related to initial access and mobility procedures.
- 	Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)
- 	Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1 
-	Scheduling request: specify required NR modifications due to LBT failure in line with agreements during the study phase. (RAN1/RAN2)
- 	RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)
In this contribution, we discuss procedures with respect to initial access and mobility for NR unlicensed operations.

Discussion
DRS transmission
In NR, the measurement gap duration is up to 6 msec. A number of the SSBs may occur outside the measurement gap if the duration of the DRS transmission window is greater than the measurement gap. This would impact the performance of serving cell when performing inter-frequency measurements if the measurement gap on NR-U is extended to greater than 6 msec. At least DRS transmission window duration for RRM measurement should be confined to within a half-frame.
Proposal 1: Duration of DRS transmission window for RRM measurement should be confined to within a half-frame.
To convey control information in a slot that contains SSBs, SSBs are located so as to reserve 2 symbols for DL at the start of slot and 1 symbol for UL at the end of slot. Since SSBs should be multiplexed with PDSCH including SIB1, paging, and also data in the same slot, these reserved symbols for transmitting PDCCH/PUCCH should not be occupied by additional candidate SSBs. Therefore, we prefer that candidate SSB positions within a slot should reuse Rel-15 SSB locations.
Proposal 2: Candidate SSB positions within a slot should reuse Rel-15 SSB locations.
Given that the proposals 1 and 2 are satisfied, we propose that the maximum number of candidate SSB positions should be 10/20/40 for 15/30/60 kHz DRS SCS.
Proposal 3: The maximum number of candidate SSB positions within the DRS transmission window should be 10/20/40 for 15/30/60 kHz DRS SCS.
According to the agreement in the RAN1#94 meeting [2], the following alternatives were listed for a mechanism to transmit SSBs dropped due to LBT failure.
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
Although a maximum of 8 SSBs can be transmitted for sub-7GHz NR-U within an SSB transmission burst, it is not always necessary that all SSBs are transmitted. The example in figure 1 assumes that 3 SSBs of the maximum 8 SSBs are transmitted from the gNB in a multiple beam operation case. In Alt-1, the gNB does not need to transmit SSBs with indices #4-#8, while in Alt-2 unnecessary SSBs are required to occupy the space between the SSBs with index #3 and the SSB with index #1. This degrades spectrum efficiency and it should be avoided from the perspective of fairness among devices using the unlicensed spectrum. 
[image: ]
Figure 1. SS block time shifting mechanism due to LBT failure
[bookmark: _GoBack]Observation 1: It is desirable to minimize the SSB burst duration.
Therefore, Alt-2 is not suitable for NR-U unless SSB index and timing information are separately indicated in some other way by the gNB. In addition, by indicating information related to the QCL assumption apart from timing information, beam repetition could be easily indicated to the UE. For example, multiple SSBs with the same beam have the same SSB index, while each of the SSBs carries different timing information.
Proposal 4: Information related to QCL assumption (e.g. SSB index) and timing information should be separately indicated to UE.

RACH procedure enhancement
FDM of PRACH resource is supported in NR. If UL wideband operation with a sub-band bandwidth of 20 MHz is allowed, as discussed in [3], it is possible that multiple PRACH resources across multiple LBT sub-bands are configured so that the UE can transmit PRACH on the sub-band where LBT succeeds. By using multiple sub-bands for PRACH transmission, PRACH congestion could be reduced.
Proposal 5: In frequency domain, if UL wideband operation with a sub-band bandwidth of 20 MHz is allowed, NR-U should support multiple PRACH resources on multiple sub-bands.

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 ignore not-transmitted SS/CSI-RS resource from RRM measurement and RLM evaluation procedures. The mechanisms of COT indication are discussed in [4].
Proposal 6: RRM measurement and RLM evaluation outside COT should not be performed.

Conclusions
In this contribution, based on the above discussion, we have the following observations and proposals:
Proposal 1: Duration of DRS transmission window for RRM measurement should be confined to within a half-frame.
Proposal 2: Candidate SSB positions within a slot should reuse Rel-15 SSB locations.
Proposal 3: The maximum number of candidate SSB positions within the DRS transmission window should be 10/20/40 for 15/30/60 kHz DRS SCS.
Observation 1: It is desirable to minimize the SSB burst duration.
Proposal 4: Information related to QCL assumption (e.g. SSB index) and timing information should be separately indicated to UE.
Proposal 5: In frequency domain, if UL wideband operation with a sub-band bandwidth of 20 MHz is allowed, NR-U should support multiple PRACH resources on multiple sub-bands.
Proposal 6: RRM measurement and RLM evaluation outside COT should not be performed.
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