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Introduction
[bookmark: _Hlk534356555]NRU WI was approved in RAN#82, with the main objectives are provided below for reference [1]:
This work item will specify NR enhancements for a single global solution framework for access to unlicensed spectrum which enables operation of NR in the 5GHz and the 6GHz (e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof) unlicensed bands taking into account regional regulatory requirements. The core technology should be band agnostic as much as possible. To allow for an efficient design, the enhancements should reuse the features of NR as much as possible. Duplication of work done in other NR work items should be avoided.
In relation to the architectural scenarios which need to be focussed on, following text is included:
This work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.
In addition to above, following objectives are relevant for initial access procedures:
· NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.
· PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation.RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
· Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
· 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
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) 
Following agreements have been reached regarding initial access and mobility in the RAN1 meetings so far:
RAN1#93 [2]
Agreement:
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access
Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied.
Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.
RAN1#94 [3]
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: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented
Agreement:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size
Agreement:
It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured
RAN1#94bis [4]
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
RAN1#95 [5]
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
Discussions
While synchronous networks can be considered for optimization in NR-U, ease of NR-U network deployment should be visualized as an essential requirement. Synchronous network deployment puts stringent requirement on inter-node coordination, hence, NR-U should also support asynchronous deployments for both intra and inter-operator neighbour cells. Following text has already been agreed in RAN2 section of TP [6] in relation to support of asynchronous deployments. 
“For RRM, RLM, and mobility procedures, NR licensed specification in Rel-15 are considered as a baseline for NR-U. However, changes to these due to new physical layer design and LBT for the unlicensed operation can be introduced. These will support both synchronous and, except for LAA case, asynchronous deployments.”  
[bookmark: Proposal1]Principally, RAN1 should follow and agree on similar conclusion.
Proposal 1: RAN1 to confirm that cell discovery and mobility procedures supports both synchronous and asynchronous neighbour cell (intra and inter-operator) deployments.
Initial access procedures
In RAN1#93, the following agreement was recorded [2]:
Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
Such techniques are discussed in sections 2.1.1 and 2.1.2.
[bookmark: _Ref521674277][bookmark: _Ref521674383]	Synchronization Signal
Each gNB transmits a discovery signal consisting of one or more SSBs (PSS, SSS and PBCH) to enable UEs and other nodes operating on the same channel to discover the gNB and perform (fine) timing and frequency synchronization. In addition, the discovery signal may optionally contain CSI-RS signals to enable UEs to perform CQI measurements.
The section lists some of the design considerations for SSB transmission in the sub-7Ghz unlicensed band.
The multiple SSB transmission introduced in NR not only allows beam sweeping, it also allows a gNB to transit SSBs in the middle of an ongoing DMTC when it cannot gain medium access at the beginning of DMTC window, which can be referred to as truncated SSB transmission. The concept of truncated SSB transmission is illustrated in Figure 1.


[bookmark: _Ref513644101]Figure 1. Truncated SSB transmission in NR-U
However, in some cases, gNB may not be able to access the medium for number of slots resulting in truncated SSB transmission scheme not able to guarantee SSB transmissions as needed. In addition, gNB may want to transmit multiple SSBs in sub-7Ghz band for different applications, such as massive MIMO use cases. 
In RAN1#93 the following was agreed with respect to the initial access procedure in NR-U [2]:
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
In RAN1 #94bis, we further reached the following agreement [4]:
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
From these agreements, we believe the remaining problems to be discussed are:
· From gNB side, conditioned on when LBT passes
· How to choose which candidate SSB positions to transmit SSBs
· For each transmitted SSB, which TCI to use and how to set beam index and additional timing recovery information
· From UE side, given a detected SSB at a certain location
· How to identify which candidate SSB position this SSB is transmitted on
· Effectively, this will help the UE to recover frame timing
· How to identify the QCL information for the type-0 PDCCH monitoring
The number of candidate SSB positions can be captured in at most six bits. We note that Rel-15 already allows this number of SSBs (albeit for FR2), thus making SSB index an attractive parameter to communicate the candidate position.
[bookmark: Proposal2]Proposal 2: The SSB candidate position (and, implicitly, timing) should be communicated via the SSB Index
UE can then rely exclusively on the SSB index to derive timing, akin to the approach used in Rel-15.
For shift granularity of SS burst within the DMTC window, it is preferable to allow as many DL burst start positions as possible to increase likelihood of successful DRS transmission. This can potentially be achieved by keeping granularity of SS burst shift same as SSB occasion period (i.e. SS burst can start from any SSB occasion within the DMTC window). Any restrictions required in shift granularity to incorporate different deployment scenarios or regulation requirements can be performed using network implementation and the rules for the same can be discussed further.
[bookmark: Proposal3]Proposal 3: Allow gNB to initiate transmission of SS burst from any available SSB occasion within the DMTC window
To simplify UE implementation, while allowing soft-combining same-QCL transmissions, it is important to avoid unnecessary payload changes between such transmissions. Preserving SSB Index per QCL between DRS transmissions would allow UE to make such implementation-simplifying assumptions:
[bookmark: Proposal4]Proposal 4: Like in Rel.15 NR, NR-U UE should be able to assume the same QCL for SSBs transmitted at the same candidate SSB positions across different frames.
This allows UE to combine same-TCI transmissions, as well as derive the location of RACH opportunities.
Not least, DRS transmissions are subject to medium contention for NR-U. For the purpose of increasing DRS reliability, RAN1 should consider additional DRS transmission opportunity within the DRS transmission period, when the DRS transmission failed due to contention failure. The additional DRS transmission opportunity can be well separated from the regular DRS transmission time, to allow enough interference activity decorrelation.
[bookmark: Proposal5]Proposal 5: RAN1 should consider the feasibility of second-chance DRS transmissions within a DRS period interval.
[bookmark: _Ref521674386][bookmark: _Ref521674419]	[image: ]Broadcast and Paging
For Idle/Inactive-mode camping and Connected-mode RLM needs, UE will need to monitor SSB for evaluating cell signal strength. UE also requires other essential deployment information (e.g. PLMN ID, cell association parameters, frame structure and LBT parameters etc.) – which is transmitted using RMSI. We envision to transmit RMSI as compactly as possible, in the same COT as used for SSB transmission.
Similarly, network should be able to transmit paging (for MT calls, or to notify UE of system information changes) in the same SSB COT. Not only is it important for UE power saving, but the paging channel should also benefit from robust channel access protection mechanisms available to SSB and essential system information.
[bookmark: Proposal6]Proposal 6: Whenever possible, pages, page grants or paging indications can share COT with SSB occasions.
In RAN1#95, the following text was agreed, reflecting the above [5]: 
· 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
While the above agreement allows higher success rate of paging transmission, it needs to be ensured that increased time domain paging monitoring does not unduly impact UE power efficiency. Whenever possible, either UE paging message or an indication of upcoming PO transmission should be signalled at DMTC occasions where UE is expected to perform RRM/RLM measurements.
This proposal is illustrated in Figure 2, for three hypothetical UEs:
· UEA’s paging opportunity (PO) overlaps with SSB monitoring opportunity (DMTC), so UE A is paged here.
· UEB’s PO does not overlap with an DMTC, or there is insufficient capacity in DMTC to include UEB pages or grants thereof. An indication that the UEB’s PO will be used is sent in the immediately preceding DMTC, so UEB will determine from this DMTC that it should turn on its Rx chain and to know to collect channel samples during this upcoming PO, for a potential paging message.
· UEC’ s PO does not overlap with an DMTC. gNB does not indicate the presence of any pages for UEC’s upcoming PO, so UEC can avoid consuming energy to monitor that PO, and will be able to use the DMTC SSB samples for (serving/camping) cell evaluation.
[bookmark: Proposal7]Proposal 7: When a paging occasion does not occur within the DMTC, gNB can indicate within the preceding DMTC whether the paging occasion will be used for paging transmission or not


[bookmark: _Ref521673903]Figure 2: Illustration of Efficient Paging in NR Unlicensed
2.1.3	[image: ]Four-step RACH
The following agreement was recorded in RAN1#94 [3]:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size
Additional agreements were recorded in RAN1#94-bis [4]:
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

In addition to semi-statically configured PRACH resources, triggered PRACH resources can compensate for the increase in access latency in a contention medium.
[bookmark: Proposal8]Proposal 8: On top of RRC configured PRACH opportunities, NR-U also introduces triggered PRACH opportunities within gNB COT.
[image: ]Mobility and RLM
In RAN1 #95, we have the following agreement [5]:
· 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 sameIt 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
Carrier load information is important to both determine the quality of a handover target, as well as to help the deployment determine good carriers for gNB cells.
Channel occupancy metric based on LAA is not sufficient as it only takes limited time domain samples for congestion estimation, while interference observed by UE can vary across different times based on sporadic transmissions in UE’s vicinity. A contention metric based on congestion observed by UE during Tx/Rx is additionally preferable to ensure UEs camp on cells that achieve a good performance between signal strength and signal availability at the UE location. For e.g. when UE is monitoring the radio link quality of a serving cell, the RLM procedure could also take into account LBT failures observed in UL and DL transmissions. For UL transmissions, LBT failures can be deterministically counted by UE for UL transmissions e.g. RACH or PUCCH or PUSCH. For DL transmissions, UE can estimate the channel congestion based on absence of essential broadcast signals e.g. DRS.
[bookmark: Proposal9]Proposal 9: Separate from RSSI-based channel occupancy, a channel load metric based on LBT success rate is necessary to reflect the ability of NR-U nodes to transmit on the medium.
· RRM should support meaningful measurements of channel load for carrier and target cell selection.
· RLM should support channel load metric, in addition to a signal strength metric.
RAN1#94bis is considering up to Y=[64] SSB candidate positions [2], possibly in the interest of achieving high DRS reliability. An IDLE/INACTIVE/C-DRX, UE having to search (for RLM and RRM needs) such a large number of SSB candidates in a window of up to 40 ms DRS periodicity would require a max of 40% search duty cycle for 30 kHz SCS.
While, in practice, UE may be able to stop searching after the necessary number (e.g. X=[4]) of SSB transmissions are detected, a large maximum number of repeated search candidates would significantly impact UE energy use, for IDLE/INACTIVE and C-DRX configurations, compared to a licensed band deployment.
[bookmark: Proposal10]Proposal 10: RAN1 should carefully limit the time duration of DMTC window that UE needs to search in a DRS period, with the goal of minimizing UE measurement power consumption.
L1 samples for RRM and RLM
The following agreement was reached in RAN1 #95, we have the following agreement [5]:
· 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. 

RLM in NR Rel-15 relies on In-Sync/Out-of-sync reports [TS 38.213 section 5, TS 38.133 section 8], assisted by SSB and/or CSI-RS configuration. In unlicensed carriers, CSI-RS transmissions outside DMTC and Data COT reduce medium access opportunities for other nodes and are thus strongly undesirable. For this reason, absence of transmission outside DMTC should not be counted towards out-of-sync evaluation.
[bookmark: Proposal11]Proposal 11: RS transmitted outside DMTC shall not contribute towards out-of-sync evaluation.
Given that it is likely that network may not be able to transmit RLM-RS within the DMTC for a considerable period of time, it is worthwhile to consider fast link recovery for UEs not being able to detect RLM-RS transmissions from the network. For such case, it is better to also allow link recovery based on signals transmitted outside DMTC of the serving cell.
[bookmark: Proposal12]Proposal 12: Signals transmitted outside DMTC can be utilized by UE for in-sync evaluation
As illustrated in Figure 3, non DMTC samples may still count for In-Sync evaluation.


[bookmark: _Ref521647876]Figure 3: RLM sampling for NR-U
For both RLM and RRM purposes, absence of expected L1 samples is meaningful: such absence could indicate medium contention, especially for L1 samples collected in DMTC. Since absent samples are indicative of events unrelated to RF signal quality, it should be possible for an implementation to exclude occasionally L1 samples from evaluation of RF signal quality.
[bookmark: Proposal13]Proposal 13: For NR-U Rel-16 RLM modelling purposes, as well as for RRM purposes, L1 reports of RF signal quality should exclude RS DRX.
[bookmark: Proposal14]Proposal 14: UE not detecting any RLM-RS transmission within an RLM evaluation period should not be treated as an OOS indication. A new mechanism is required to trigger RLF when UE is not able to detect RLM-RS for a duration of time.
DRS Indicator for DRX ON
A UE in C-DRX would not expect to be scheduled in every DRX ON occasion. Furthermore, whenever a DRX ON occasion is unused, DL transmission should be avoided, to increase medium availability to neighbour nodes. In consequence, UE cannot generally rely on NR-U DRX ON occasions for RLM purposes. An infrequently-scheduled UE would therefore need to open up RF chain/s for both DRX ON and non-overlapping RLM occasions, potentially doubling the power consumption.
To address this problem, gNB should – at least for long DRX - signal during the immediately preceding RLM occasion (i.e. SMTC-U) whether a DL grants will be scheduled for the upcoming DRX ON occasion. This approach is illustrated in Figure 4, where a DRX ON indicator (DRX ON IND) is multiplexed with the SS Burst transmitted in the DMTC window immediately preceding the active DRX ON occasion.


[bookmark: _Ref521656154]Figure 4: DRX ON pre-grant multiplexed with preceding SS Burst
[bookmark: Proposal15]Proposal 15: Active DRX ON monitoring that do not share DRS CoT should, at least for long DRX, be signalled via a DRX ON Indicator signal (DRX-ON-IND) multiplexed with immediately preceding RLM occasion.
Multi-Operator Deployments
RRM in shared NRU-shared carrier is further complicated by lack of L1 knowledge whether a measured RS belongs to the same operator. This has consequences on both idle and connected mobility:
· RRC Idle UEs: can benefit, in terms of both power consumption and paging outage minimization, of awareness of whether potential target cell belongs to the same operator or not.
· RRC Connected UEs: can benefit, for signalling minimization, as well as searcher power consumption of awareness of whether potential target cells belong to the same operator as the serving cell. 
[bookmark: Proposal16]Proposal 16: It shall be possible for UE to determine, for Connected and Idle RRM purposes, whether a measured cell belongs to RPLMN or not. RAN1 shall consider early L1 indication to assist UE measurements. 
Asynchronous Deployments
In asynchronous deployments, the current inter-frequency gap patterns are inadequate in asynchronous environments: with a 0.1 ppm accuracy requirement in local and medium range gNBs [3GPP TS 38.104, Section 6.5.1.2], SSB transmission could drift the size of a NR Rel-15 maximum gap (6 ms, per [3GPP TS 38.133 v15.2.1] ) every 17 hours (6 ms/0.1 ppm).
Medium contention can further reduce the utility of current measurement gaps. A similar concern applies to the configuration of SMTC, even for intra-frequency RRM.
[bookmark: Proposal17]Proposal 17: NR-U should support configuring UE for RRM towards potentially asynchronous targets, beyond the measurement gaps and occasions specified under NR Rel-15 synchronous deployment assumptions.
Conclusions
The proposals and observations made in this contribution are listed below:
Principally, RAN1 should follow and agree on similar conclusion.
Proposal 1: RAN1 to confirm that cell discovery and mobility procedures supports both synchronous and asynchronous neighbour cell (intra and inter-operator) deployments.
Proposal 2: The SSB candidate position (and, implicitly, timing) should be communicated via the SSB Index
Proposal 3: Allow gNB to initiate transmission of SS burst from any available SSB occasion within the DMTC window
Proposal 4: Like in Rel.15 NR, NR-U UE should be able to assume the same QCL for SSBs transmitted at the same candidate SSB positions across different frames.
Proposal 5: RAN1 should consider the feasibility of second-chance DRS transmissions within a DRS period interval.
Proposal 6: Whenever possible, pages, page grants or paging indications can share COT with SSB occasions.
Proposal 7: When a paging occasion does not occur within the DMTC, gNB can indicate within the preceding DMTC whether the paging occasion will be used for paging transmission or not
Proposal 8: On top of RRC configured PRACH opportunities, NR-U also introduces triggered PRACH opportunities within gNB COT.
Proposal 9: Separate from RSSI-based channel occupancy, a channel load metric based on LBT success rate is necessary to reflect the ability of NR-U nodes to transmit on the medium.
· RRM should support meaningful measurements of channel load for carrier and target cell selection.
· RLM should support channel load metric, in addition to a signal strength metric.
Proposal 10: RAN1 should carefully limit the time duration of DMTC window that UE needs to search in a DRS period, with the goal of minimizing UE measurement power consumption.
Proposal 11: RS transmitted outside DMTC shall not contribute towards out-of-sync evaluation.
Proposal 12: Signals transmitted outside DMTC can be utilized by UE for in-sync evaluation
Proposal 13: For NR-U Rel-16 RLM modelling purposes, as well as for RRM purposes, L1 reports of RF signal quality should exclude RS DRX.
Proposal 14: UE not detecting any RLM-RS transmission within an RLM evaluation period should not be treated as an OOS indication. A new mechanism is required to trigger RLF when UE is not able to detect RLM-RS for a duration of time.
Proposal 15: Active DRX ON monitoring that do not share DRS CoT should, at least for long DRX, be signalled via a DRX ON Indicator signal (DRX-ON-IND) multiplexed with immediately preceding RLM occasion.
Proposal 16: It shall be possible for UE to determine, for Connected and Idle RRM purposes, whether a measured cell belongs to RPLMN or not. RAN1 shall consider early L1 indication to assist UE measurements. 
Proposal 17: NR-U should support configuring UE for RRM towards potentially asynchronous targets, beyond the measurement gaps and occasions specified under NR Rel-15 synchronous deployment assumptions.
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