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Introduction
In RAN1 meeting#94 [1], the following agreements related to initial access and mobility aspects were made.
Agreement:
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· 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
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB
Agreement:
It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured

In RAN1 meeting#94bis [2], the following agreements were made.
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
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different

In this contribution, we discuss procedures with respect to initial access and mobility for NR unlicensed operations. This contribution is a revision of R1-1810634.
Discussion
SSB burst set transmission
In NR, measurement gap duration can be up to 6 msec. A part of SSBs may occurr outside the measurement gap if the duration of 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. DRS transmission window duration should be confined to within a half-frame.
Proposal 1: Duration of DRS transmission window 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 SSB 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.
It is therefore impossible that 64 SSBs can be transmitted within the DRS transmission window, satisfying the proposal 1 and 2, because there is no resource to locate 64 SSBs in time domain even if the DRS supports 60 kHz SCS.
Observation 1: The maximum number of candidate SSB positions within DRS transmission window, Y should be less than 64.
Cat. 2 LBT has been adopted for LTE LAA DRS transmission to increase transmission opportunities. For the same reason, Cat. 2 LBT should be adopted for NR SSB transmission. In addition, once gNB can get channel access, gNB should consecutively transmit multiple SSBs as a DL burst as long as regulations are fulfilled.
Proposal 3: Cat. 2 LBT (one-shot LBT) should be adopted for all transmitted SSBs or group of transmitted SSBs.
According to the agreement in RAN1#94 meeting, 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 8 SSBs can be transmitted for sub-7GHz NR-U within a 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 multiple beam operation. In Alt-1, the gNB does not need to transmit SSB with index #4-#8, while in Alt-2 unnecessary SSBs are required to occupy the space between SSB with index #3 and SSB with index #1. This degrades spectrum efficiency and it should be avoided from the perspective of fairness utilization among devices on unlicensed spectrum. 
[image: ]
Figure 1. SS block time shifting mechanism due to LBT failure
Observation 2: It is desirable to minimize the SSB burst duration.
Therefore, Alt-2 is not suitable for NR-U unless SSB index and timing information is separately indicated in some other way by the gNB. In addition, by indicating information related to QCL assumption apart from timing information, beam repetition could be easily indicated to UE. For example, multiple SSBs with the same beam have the same SSB index, while each SSBs carry different timing information.
Proposal 4: Information related to QCL assumption (e.g. SSB index) and timing information should be separately indicated to UE.

Broadcast information transmission
In this Study Item, stand-alone operation is being studied. To accommodate NR stand-alone operation on unlicensed spectrum, how to transmit RMSI should be considered.
Rel-15 NR supports 3 patterns of multiplexing of SS blocks and RMSI as in Figure 1.
· Pattern 1: TDM of SS block, CORESET for RMSI, and PDSCH carrying RMSI
· Pattern 2: TDM of SS block and CORESET for RMSI, FDM of SS block and PDSCH carrying RMSI
· Pattern 3: FDM of SS block and CORESET for RMSI, FDM of SS block and PDSCH carrying RMSI
For sub-7 GHz NR-U, if RMSI CORESET configuration defined in Rel-15 NR is reused, then since SS blocks and channels for RMSI are TDMed and transmitted separately, gNB needs to transmit unnecessary signals between the SS block and channels for RMSI in order to occupy the channel, or perform LBT before transmitting SS block and channels for RMSI respectively. If pattern 1 with consecutive transmission (i.e. no gaps between SS block and CORESET) or pattern 2 and 3 could be applied to NR-U, it would be enough for the gNB to perform one-shot LBT because the SS block and channels for RMSI are contained in the same or consecutive symbols and transmitted over a short duration.
In Rel-15 NR, pattern 2 and 3 are not supported for below 6 GHz, because the minimum carrier bandwidth is 5 or 10 MHz and the remaining frequency resources that are not used for SS block transmission are potentially too small for use for CORESET and PDSCH. However, since the minimum NR-U operating bandwidth is 20 MHz in the 5 GHz band, NR could support pattern 2 and 3 in the 5 GHz band for 15 kHz and 30 kHz SCS. If SS/PBCH block supports 60 kHz SCS, RMSI CORESET may not be multiplexed with SS/PBCH block in frequency domain.
Also, other broadcast information, such as OSI and paging, could be applied in the same multiplexing manner with the SS block as RMSI, because RMSI CORESET can be used for OSI and paging transmission.


Figure 1: Multiplexing pattern of SS block and RMSI.

Proposal 5: RAN1 should consider a change to CORESET configuration for carrying broadcast information.
· Multiplexing pattern depends on SS/PBCH design on NR-U.

RACH procedure enhancement
In current NR RACH procedure, UE needs to choose one SSB and then determine PRACH resource corresponding to the chosen SSB. However, on the unlicensed band, some SSB transmissions may be blocked due to LBT failure. If the SSB of a particular beam can not be received due to LBT failure, the UE may have to reselect the SSB of  another suitable beam. This may cause random access latency. Therefore, it would be beneficial if the UE can choose more than one SSB for random access procedure so that latency of RACH procedure caused by blocking of SSB transmission would be reduced.
Observation 3: It would be beneficial if a UE can choose more than one SSBs for random access procedure.
To reduce random access latency, it would be beneficial to allow multiple PRACH transmission which correspond to different SSBs. To realize multiple PRACH transmission, parallel RACH procedure should be also considered.
Proposal 6: It should be considered in NR-U to allow multiple PRACH transmissions before Msg2 reception in RAR window for initial access.

RRM/RLM enhancement
In RAN2 NR AH1807 meeting [3], the following conclusion was made:
· Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.
Since RSSI and channel occupancy reporting is obviously beneficial for detecting hidden node on unlicensed spectrum, as well as LTE-LAA, averaged RSSI and channel occupancy reporting should be introduced in NR-U.
Proposal 7: RAN1 should confirm that averaged RSSI and channel occupancy reporting is adopted for NR-U.
In unlicensed bands, it is not guaranteed that SS/CSI-RS will be always periodically transmitted due to LBT. If SS/CSI-RS cannot be transmitted due to LBT failure, UE may tend to underestimate cell quality and indicate out-of-sync (OOS) because UE sometimes measures SS/CSI-RS resource where no SS/CSI-RS is transmitted due to LBT failure. By indicating COT, 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.
Proposal 8: RRM measurement and RLM evaluation outside COT should not be performed.
· COT is implicitly and/or explicitly indicated.
[bookmark: _GoBack]
Conclusions
In this contribution, based on the above discussion we have the following observations and proposals:
Proposal 1: Duration of DRS transmission window should be confined to within a half-frame.
Proposal 2: Candidate SSB positions within a slot should reuse Rel-15 SSB locations.
Observation 1: The maximum number of candidate SSB positions within DRS transmission window, Y should be less than 64.
Proposal 3: Cat. 2 LBT (one-shot LBT) should be adopted for all transmitted SSBs or group of transmitted SSBs.
Observation 2: 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: RAN1 should consider a change to CORESET configuration for carrying broadcast information.
· Multiplexing pattern depends on SS/PBCH design on NR-U.
Observation 3: It would be beneficial if a UE can choose more than one SSBs for random access procedure.
Proposal 6: It should be considered in NR-U to allow multiple PRACH transmissions before Msg2 reception in RAR window for initial access.
Proposal 7: RAN1 should confirm that averaged RSSI and channel occupancy reporting is adopted for NR-U.
Proposal 8: RRM measurement and RLM evaluation outside COT should not be performed.
· COT is implicitly and/or explicitly indicated.
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