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Introduction
The following agreements were made on the NR-U initial access and mobility procedures in RAN1#96[1]:
	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




The following agreements were made on the NR-U initial access and mobility procedures before RAN1#96[2]:
	
Agreement:
· It is considered beneficial to enhance paging opportunities using one or more of the following mechanisms:
· Increased time-domain paging occasions or paging monitoring occasions
· This can enable additional paging occasions outside of DRS 
· Note: Parts or all of the above enhancement may fall under RAN2 purview and may not require any further study in RAN1

Agreement: 
· It is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI.
· The exact definition of the metric(s) is left for the WI
· Note: The above is a confirmation of RAN2’s recommendation for the same

Agreement:
· For RLM, the following recommendations are considered beneficial for further design in the WI:
· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT
· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations
· For example, determining which RLM-RS within or outside the DMTC for RLM can be utilized for in-sync and out-of-sync evaluations
· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further studied. 

Agreement:
It is considered beneficial for the time-domain measurement windows for RRM measurements and RLM to be different



In this contribution, we discuss the remaining issues of NR-U initial access and mobility procedures.

SSB transmissions
In NR, a burst of SSBs, called SSB burst set, is transmitted within a half frame. The transmission patterns of the candidate SSBs within a burst of SSBs within a half frame are predefined in the specs according to the SSB subcarrier spacings, which are predefined per band. A UE knows the SSB transmission patterns for a band in which the UE searches for the SSBs.  
For NR, the transmission periodicity of the half frame with SSB burst set can be configured with the periodicity of {5, 10, 20, 40, 80, 160} ms, as shown in Figure 1. Illustration of NR SSB Transmission Patterns. The PBCH within the SSB is the first channel for the UE to decode after the detection of PSS/SSS of the SSB. NR PBCH carries a part of the minimum system information required for the UE to access the system, including the MIB. MIB is transmitted with the TTI of 80 ms and with the repetitions within TTI. MIB contains the parameters that are needed to acquire RMSI. RMSI, which has the TTI of 160ms, contains the parameters that are needed to acquire OSI.
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[bookmark: _Ref4056700][bookmark: _Ref1037089]Figure 1. Illustration of NR SSB Transmission Patterns

NR-U DRS can be seen as a contiguous burst of the SS/PBCH blocks that are transmitted from the gNB for the UE to discover the channels and also for the time and frequency synchronization. Before the transmission of the DRS, the gNB needs first to check if the gNB is allowed to gain medium access for the DL transmission. The actual transmission opportunities of the SSB can be smaller than the configured transmission opportunities under the same time duration. If the LBT fails, the transmission of the SSB will not start. In previous meetings, there were discussions on SSB transmissions are performed after LBT success, and various options were proposed without the conclusion [4]:
· 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
· Alt-4: Fixed SSB positions but introduce additional indices (e.g., up to 16/64)
· Alt-5: Before the transmission of any SSB within the SSB burst set, the LBT is carried out for that SSB. If the LBT fails, the next LBT is carried out at the following half subframe for that SSB.
· Alt-6: multiple candidate SSB positions in SSB burst set
· Alt-7: Shift SSB(s) in time to the next transmission instance without extra time offset indication
· Other alternatives are not precluded

From the agreements were agreed in RAN1#96, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows for a given cell. The first candidate position of the DRS transmission window is located at the first half slot of a half frame. What remain as FFS are whether the PBCH DMRS sequence index is also the same or different, and whether the QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows. 
When Alt-2 is adopted, it will not only make implementation the simple and straightforward, and also keeps the SSBs transmitted in the same candidate position within the DRS transmission window are QCL across DRS transmission windows. In addition, it can use the same PBCH DMRS sequence index for representing the SSB index for the same candidate position. 
[bookmark: _Toc534990337][bookmark: _Toc4571674]Proposal 1: Adopt Alt.2, i.e., when LBT fails, the un-transmitted SSB can be cyclically wrapped around to the end of the burst set for the transmission. 
[bookmark: _Toc4571675]Proposal 2: The same PBCH DMRS sequence index is used for the same candidate SSB position. 
The maximum number of the candidate SSB positions within DRS transmission window will be determined by the DRS transmission window size. If the DRS transmission window size is still limited to half-frame as that for NR SSB transmission, the maximum number of the SSBs can be sent within the DRS window will be limited to L=10 when SSB SCS is 15kHz and L=20 when SSB SCS is 30kHz.
In NR-U operation, the real transmission opportunities of the SSB and RMSI transmission will be smaller than the configured transmission periodicity due to LBT failure. The number of maximum actually transmitted SSBs may be set to be around half of the maximum candidate positions, e.g., X={4, 8} for SSB SCSs= {15, 30}kHz. 
[bookmark: _Toc4571676]Proposal 3: If the DRS transmission window is limited to half-frame, the maximum number of actually transmitted SSBs within the DRS window can be X={4, 8} and Y={10, 20}  for SSB SCSs= {15, 30}kHz.

About the QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows, it was discussed during Rel-15 NR, and there was no consensus on the benefit for supporting it. Consider the implementation complexity involved to support it in NR-U, and no clear benefit for support it, we suggest not supporting it in NR-U either. 

[bookmark: _Toc4571677]Proposal 4: No need to support  QCL assumption for SSBs in different candidate positions within a DRS transmission window for NR-U opration. 

Paging
The purpose of the paging is to transmit the paging messages, and/or the indications to UEs about system information change, Earthquake and Tsunami Warning System (ETWS) notification and a Commercial Mobile Alert Service (CMAS) notification. The network initiates the paging procedure by transmitting the paging messages and/or the indications at the UE's paging occasions (POs). A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots. In multi-beam operations, the length of one PO is one period of beam sweeping and the UE can assume that the same paging message is repeated in all beams of the sweeping pattern. The paging enhancement for NR system in the unlicensed band is to study whether the paging system should be re-designed or new UE behavior on the detection of paging indication and decoding of paging message should be specified.
Similar to the SSB transmission, the gNB needs first to check if the gNB is allowed to gain medium access for the DL transmission before the transmission of the paging message. Thus, the actual transmission paging opportunities may be smaller than the configured paging opportunities under the same paging period. In previous meetings, a number of options were proposed to deal with the issue, the potential paging enhancements for NR-U discussed in the previous meeting include (not mutually exclusive)  [4]: 
· Alt-1a: Introduce additional paging occasions (POs) 
· Alt-1b: Additional PDCCH monitoring occasions within POs
· Alt-2: FDM of POs to reduce overhead
· Alt-3: Longer paging window
· Alt-4: Separate transmission timing configuration for paging not contained in the DSCH
· Alt-5: Pages or paging indications should share COT with SSB occasions
· Alt-6: PO of a UE can be associated with a single BWP within the wideband CC in order to reduce the paging overhead
· Alt-7: gNB PHY provides an indication of paging LBT failure to higher layers
· Alt-8: Time index used to derive the association between SSB and paging/OSI PDCCH outside DRS
 
The motivation of Alt.1a and Alt.1b is to introduce opportunities for the gNB to transmit the paging message for compensating the loss of the POs due to LBT failures. Both options have the drawback of increasing the power consumptions in UE since it requires the UE to wake up more often for monitoring the paging information. Alt-2 may not need the wake up more often since the POs are FDM. It can be a preferred solution if the UE is capable of monitoring larger BWs than the SSB BW when the UE is in RRC_IDLE state. 
[bookmark: _Toc534990339][bookmark: _Toc4571678]Proposal 5: For NR-U paging, FDM of POs can be considered for compensating the loss of the POs due to LBT failures.
NR-U RLM
A UE in RRC_CONNECTED status periodically performs RLM and determines its in-synch and out-of-sync status with the current serving beam. A reliable RLM/RLF procedure depends on the measurements of the DL RLM RS. The difficulty for NR-U RLM lies in that if a UE cannot detect the DL RLM RS (SSB or CSI-RS), the UE may not necessarily know the reason that it cannot detect the DL RLM RS is due to poor RF condition or due to the DL RLM RS (SSB or CSI-RS) is not transmitted from the gNB because of the failure of DL LBT. If the UE cannot detect the DL RLM RS (SSB or CSI-RS) is due to poor RF condition, the RLM measurements should be counted for the RLM IS/OOS determination for the DL reception, while if the UE cannot detect the DL RLM RS (SSB or CSI-RS) is due to no DL RLM RS (SSB or CSI-RS) transmission, the RLM measurements should be excluded from the RLM IS/OOS.
In RAN1#96, the following agreements were made for RLM [1]:
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

The following RLM design options were also discussed [4]:
· Alt-1a: Detected RLM-RS within RLM DMTC is utilized for in-sync evaluations
· Alt-1b: Explicit indication is provided by gNB to assist IS evaluations if RLM-RS transmissions did not occur due to LBT failure 
· Alt-2: L1 samples outside the DMTC window are also used for in-sync evaluations (upon detection of RLM-RS from gNB)
[bookmark: _Toc470095236]
If the UE is able to measure reliably the RLM RS, it seems no reason that the measurement samples be excluded for the determination of the RLM IS/OOS. However, if the UE is not able to measure the RLM RS, the UE needs first to know whether the measurement samples are valid. Only reliable RLM measurement samples should be included in the determination of the RLM IS/OOS status.
[bookmark: _Toc4571679]Proposal 6: In order to improve RLM performance, detected RLM-RS, both within and outside RLM DMTC, can be utilized for IS/OOS evaluations.
For SSB-based RLM, it is clear that the default RLM measurement window should be the DRS transmission window. Due to the impact of the LBT, the SSBs may be transmitted in any candidate SSB position within the DRS transmission window. Thus, it may not be proper to further reduce the RLM measurement window. Defining the RLM measurement window does not imply that the UE needs to monitor all candidate SSB positions within the DRS transmission window, since the UE may still use the information of the actually transmitted SSBs from the SIB1 to monitor only the candidate SSB positions where the SSBs may actually transmitted.  
[bookmark: _Toc4571680]Proposal 7: The RLM measurement window can be defined the same as the DRS transmission window by default for SSB-based RLM.
Conclusion
In this contribution, we further discussed the issues associated with initial access and mobility for NR unlicensed operations. Based on the discussion, the following proposals were made:
Proposal 1: Adopt Alt.2, i.e., when LBT fails, the un-transmitted SSB can be cyclically wrapped around to the end of the burst set for the transmission.
Proposal 2: The same PBCH DMRS sequence index is used for the same candidate SSB position.
Proposal 3: If the DRS transmission window is limited to half-frame, the maximum number of actually transmitted SSBs within the DRS window can be X={4, 8} and Y={10, 20}  for SSB SCSs= {15, 30}kHz.
Proposal 4: No need to support  QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows for NR-U opration.
Proposal 5: For NR-U paging, FDM of POs can be considered for compensating the loss of the POs due to LBT failures.
Proposal 6: In order to improve RLM performance, detected RLM-RS, both within and outside RLM DMTC, can be utilized for IS/OOS evaluations.
Proposal 7: The RLM measurement window can be defined the same as the DRS transmission window by default for SSB-based RLM.
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