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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.
· RACH including possible extension of RACH 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 RACH is supported, based on a unified design with 15 kHz and 30 kHz RACH 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 RACH 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 (SMTCs) 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)  
Discussions
Ease of NR-U network deployment should be visualized as an essential requirement for real world deployment. While synchronous networks can be taken as a reference to optimize the design of NR-U procedures and signalling, synchronous network deployment puts stringent requirement on inter-node coordination. Hence, NR-U should prioritize support of asynchronous deployments for both intra and inter-operator neighbour cells. Following text has already been agreed in RAN2 section of TR 38.339 [8] 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.
[bookmark: _Toc173665][bookmark: _Toc4758239]Proposal 1: RAN1 to confirm that cell discovery and mobility procedures support 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 SMTC when it cannot gain medium access at the beginning of SMTC 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, for NR-U, the scenario will be very likely where a gNB is not be able to access the medium for a number of slots (due to LBT failures), resulting in truncated SSB transmission scheme not able to guarantee SSB transmissions as needed. Hence, a need was identified to enhance the SMTC operation using LAA DMTC philosophy.
In RAN1 #94bis, the following was agreed with respect to the initial access procedure in NR-U  [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 QCL 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

We propose total duration of SMTC window to be restricted to 8ms duration to achieve a fair tradeoff between having sufficient LBT opportunities and UE power consideration for measurements. This duration is kept such that it is larger than the supported MCOT duration. The rational behind the same is that if an interfering node has acquired the unlicensed channel before the SMTC window start, even then NR-U gNB will have an opportunity to acquire the given channel and transmit SSBs. 
[bookmark: _Toc4758240]Proposal 2: Value of Y is 16 for 15kHz SCS and 32 for 30kHz SCS
Note that, Rel-15 NR already supports 64 SSB positions based on 6 bits SSB index (3 bits using PBCH DM-RS and 3 bits within PBCH). Hence, SSB index can be reused to communicate the candidate SSB position within SMTC. UE can then rely exclusively on the SSB index to derive timing, akin to the approach used in Rel-15. 
This framework minimizes PBCH overhead for time sync (up to 1/2 bits for Y=16/32), as compared to the schemes where SS burst start time offset is explicitly indicated within PBCH which may take up to 4/5 bits of PBCH for Y = 16/32. 
[bookmark: _Toc4758235]Observation 1: Using Rel-15 NR framework of communicating SSB position using SSB index has lower PBCH overhead as compared to other schemes
[bookmark: _Toc173666][bookmark: _Toc4758241]Proposal 3: The SSB candidate position (and, implicitly, timing) within SMTC window should be communicated via the SSB Index.
Figure 2 illustrates the SSB transmission within a SMTC window consisting of 64 candidate SSB occasions. Note that SS burst in the figure is assumed to consist of 8 consecutive SSBs, where start instance of SSB burst is determined based on the time instance when LBT is successful for the gNB.



[bookmark: _Ref1115763]Figure 2 Candidate SSB positions are mapped to SSB indices. SS burst contains a subset of SSB indices.
For shift granularity of SS burst within the SMTC 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 position within the SMTC 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: _Toc173667][bookmark: _Toc4758242]Proposal 4: Allow gNB to initiate transmission of SS burst from any candidate SSB position (subject to LBT) within the SMTC window.
Given the floating nature of SS burst transmission within a SMTC window, we should enable the gNB to include SSB transmissions from all DL beams within an SS burst irrespective of starting position of the SS burst within the SMTC window. Further, for simplified decoding of the SSBs and other associated channels, UE needs to be aware of the QCL assumption between different SSB positions within a SMTC. 
One solution to achieve the given requirements is by scheduling SSB transmission for the same beam after every Q SSB occasions (i.e. SSBi, SSBi+Q, SSBi+2Q have same QCL for any i < Q). Network may indicate the value of Q using PBCH as the value is also expected to be used to help RMSI decoding procedure. Figure 3 illustrates this concept, where value of Q is assumed to be 4.
[bookmark: _Toc4758243]Proposal 5: gNB indicates a parameter Q within PBCH, to derive QCL assumption between different SSB positions within a SMTC window. UE assumes that two SSBs are QCLed if the corresponding SSB_index modulo Q are the same.  


[bookmark: _Ref1116274]Figure 3 QCL assumption between SSB positions within a SMTC window
 
Few companies have pointed out that neighbour cell measurements should not require PBCH decoding, due to which one of the points being discussed in RAN1 is to increase the number of PBCH DM-RS sequences for SSB index computation. This allows SSB index to be determined solely based on PBCH DM-RS detected by UE. However, note that increasing the number of PBCH DM-RS sequences for SSB index computation also leads to lower SSB decoding performance (which has already been established during NR Rel-15). Hence, our preference is to reuse 8 sequences for PBCH DM-RS for SSB index computation, which correspond to 3 LSBs of SSB index. 
[bookmark: _Toc4758244]Proposal 6: As in NR Rel-15, PBCH DM-RS is used to identify 3 LSBs of SSB index.
We assume that all 8 PBCH DM-RS sequences are used for SSB transmissions, and fixed association between SSB candidate location within SMTC and PBCH DM-RS sequence, irrespective of number of available DL beams and SSB burst start point. Specifically, PBCH DM-RS sequence used for a candidate SSB position (with SSB index as ‘SSB_index’) is given by SSB_index modulo 8.
This assumption keeps the UE SSB decoding operation simple and allows a UE to potentially combine SSB transmissions across different SMTC windows. Note that this leads to the conclusion that same PBCH DM-RS sequence is used for same candidate SSB position across SMTC windows.
[bookmark: _Toc4758245]Proposal 7: Same PBCH DM-RS sequence is used for same candidate SSB position across SMTC windows
Based on above proposals and the requirement to not decode PBCH for beam index computation, it seems preferable to keep value of Q as a factor of 8 (e.g. 1/2/4/8). If value of Q is a factor of 8, then UE can determine the DL beam using only PBCH DM-RS sequence (i.e. DL beam = DM-RS sequence modulo Q). Hence, if UE determines same PBCH DM-RS for different received SSBs, then UE can always assume same DL beam for the received SSBs. Note that number of available DL beams can be less than or equal to value of Q, in which case gNB can either perform SSB repetitions of subset of DL beams using the remaining SSB occasions within Q SSBs or can fill in the gaps using other UL/DL transmissions.
[bookmark: _Toc4758246]Proposal 8: Q can take values from 1/2/4/8. Number of SSB beams can be less than or equal to value of Q.
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: _Toc173669][bookmark: _Toc4758247]Proposal 9: 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: _Toc173670][bookmark: _Toc4758248]Proposal 10: 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 SMTC occasions where UE is expected to perform RRM/RLM measurements.
This proposal is illustrated in Figure 4, for three hypothetical UEs:
· UEA’s paging opportunity (PO) overlaps with SMTC window, so UEA is paged here.
· UEB’s PO does not overlap with a SMTC window, or there is insufficient capacity in SMTC to include UEB’s paging message. gNB sends an indication (within the immediately preceding SMTC) whether it will schedule a paging message in the UEB’s PO, so UEB will determine whether it should turn on its Rx chain during its scheduled PO.
· UEC’ s PO does not overlap with a SMTC window. If gNB does not indicate the presence of any pages for UEC’s upcoming PO, UEC can avoid monitoring subsequent PO.
[bookmark: _Toc173671][bookmark: _Toc4758249]Proposal 11: When a paging occasion does not occur within the SMTC, gNB can indicate within the preceding SMTC whether the paging occasion will be used for paging transmission or not.


[bookmark: _Ref521673903]Figure 4: Illustration of Efficient Paging in NR Unlicensed
	[image: ]Four-step RACH
Some enhancement options for RACH were captures 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 RACH 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 RACH resources via DCI. 
i. Triggered RACH within TXOP can use a new resource
b. For idle mode UE, scheduling of RACH 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 RACH 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

It is assumed that in NR-U, UE performs LBT per sub-band of 20MHz. UE performing LBT for RACH over multiple sub-bands in parallel could be beneficial, as it increases LBT diversity and thus success probability for RACH transmission. Hence, it should be allowed to configure RACH resources over different sub-bands at least for connected mode UEs, which can be configured with wide BWP(s). For such case, UE (based on its capability) may be able to perform LBT on one or more sub-bands. However, final RACH transmission should be constrained within one of the sub-band(s) where LBT succeeds, to reduce UE complexity and avoiding congestion on the scarce RACH resources.
[bookmark: _Toc173672][bookmark: _Toc4758250]Proposal 12: RACH resources can be configured across multiple LBT sub-bands within a BWP for a connected mode UE where each RACH resource is contained within an LBT subband.
[bookmark: _Toc4758251]Proposal 13: UE may perform LBT over one or more sub-bands for RACH transmission. UE may perform RACH transmission on one of the sub-bands where LBT is successful.
When a UE is operating in CA mode, even though RACH resources can be configured across SCell(s), RACH transmission on an SCell is only performed by UE after receiving PDCCH order. Given that RACH resources on different SCells could be in different LBT sub-bands, it may be preferable to allow UE initiated RACH transmission (i.e. without receiving PDCCH order) across SCells for higher LBT success probability. For e.g. UE may select an SCell based on its LBT operation or interference measurement over multiple SCells, UE may subsequently perform RACH transmission using the given SCell. Note that, SCell selection based on LBT operation or congestion status of SCells is expected to have higher success probability.
[bookmark: _Toc4758252]Proposal 14: For a UE operating in CA mode, UE can perform RACH transmission on an SCell without receiving PDCCH order. UE may select an SCell for RACH transmission based on active interference (e.g. using LBT results or RSSI measurements) observed across SCells.
Further, given that initial access BWP is constrained within single LBT sub-band for NR-U, UEs may observe lower RACH success probability as compared to connected mode UEs. One way to increase the number of LBT opportunities for UE is to increase time domain RACH resources, but this may only result in marginal performance improvement for a channel which is heavily congested. A better way forward could be to configure RACH resources outside initial active BWP for idle mode UEs. For e.g. supplementary UL carriers or supplementary UL BWPs can be configured using RMSI which may indicate additional FDM RACH resources which can be used by idle mode UEs. Each supplementary UL BWP/carrier needs to be constrained within 20MHz bandwidth. Also, RAR reception procedure may need to be enhanced to support such mechanism.
[bookmark: _Toc4758253]Proposal 15: Support RACH resource configuration outside initial active BWP using RMSI (e.g. similar to SUL design in NR Rel-15).
For time-domain enhancements, several approaches have been discussed, our primary preference is to support RACH resources scheduled using DCI (i.e. Option-2a). This option is beneficial to reduce RACH latency and improve RACH reliability (e.g. by scheduling RACH within network acquired COT) and it does not lead to unnecessary interference to other users of the unlicensed channel (i.e. when the RACH resources are constrained within network acquired COT). 
[bookmark: _Toc173673][bookmark: _Toc4758254]Proposal 16: On top of RRC configured RACH opportunities, NR-U supports scheduling of RACH opportunities via DCI. 
- FFS how the DCI trigger is coded and transported: CORESET, PDCCH configuration type, RACH Occasion type, multiplexing and format/s, RNTI, COT length.
[image: ]
Figure 5 Scheduling of RACH resources using DCI
We also observe that Option-2b (i.e. scheduling of RACH resources using paging) can be considered as a variant of DCI triggered RACH resources. For e.g., if the DCI used for triggering RACH resources is scheduled using GC-PDCCH and transmitted during paging occasions of UEs, then idle mode UEs may utilize the scheduled RACH resources after paging reception. 
[bookmark: _Toc4758236]Observation 2: Scheduling of RACH resources using paging can be considered as a variant of RACH resource scheduling using DCI, where the triggering PDCCH is the GC-PDCCH during paging occasions.
For Option-2c (RACH resource scheduling after DRS), we understand that if UE receives any DRS transmission, then RACH resources can be considered as implicitly scheduled based on some pre-defined rules within the network acquired COT. However, this might put extra restrictions on network acquired COT structure. For instance, if RACH resources are always scheduled within the last 1ms of network acquired COT, then it becomes very difficult for the gNB to utilize the time duration reserved for RACH for any other DL/UL transmission, even when RACH load is low. Therefore, we think that scheduling RACH resources using DCI provides more flexibility to network.
[bookmark: _Toc4758237]Observation 3: RACH resource scheduling immediately following DRS detection puts extra restriction on network acquired COT structure.
Main motivation for multiple RACH transmissions before RAR reception (Option 2d) is considered to address hidden node issue. However, it is very difficult to determine the cause of RACH failure (i.e. whether RACH failure is due to lower RACH transmission power or due to hidden node interference at gNB). When RACH failure occurs due to lower RACH transmission power, performing multiple RACH transmissions will only lead to increased interference to nodes in vicinity of UE. Hence, benefits and disadvantages of multiple RACH transmission need to be carefully analysed before agreeing on the principle.
[bookmark: _Toc4758238]Observation 4: For multiple RACH transmissions before RAR reception, careful analysis is required for quantifying interference to neighbouring nodes of UE due to extra RACH transmissions. 
[image: ] Supporting RACH Channel Access
RACH can follow either cat-2 or cat-4 LBT, depending on whether the RO falls inside or outside gNB-initiated COT. For this, it is necessary for gNB to indicate whether a RO falls inside or outside LBT. COT-size indication can be signalled in a DCI that precedes the RO:
[bookmark: _Toc4758255]Proposal 17: DCI shall be used to indicate COT reservation to cover the RACH occasions. UEs can select LBT category in accordance.
ROs may be multiplexed with UL data or control. Depending on which transmission starts earlier and whether the transmissions are FDMed to each other, one of these transmissions may block the LBT process of the other. It is important to allow gNB a way to prioritize msg1 transmissions over regular UL data or control transmission.
[bookmark: _Toc4758256]Proposal 18: RAN1 shall consider an approach to prioritize RACH transmissions over same-symbol PUCCH/PUSCH transmissions from different UEs.
[image: ]Mobility and RLM
In RAN1 #96, we have the following agreement [7]:
· 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

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: _Toc173674][bookmark: _Toc4758257]Proposal 19: Separate from RSSI-based channel occupancy, a channel load metric based on UL LBT success rate is necessary to reflect the congestion in the medium. 
[bookmark: _Toc4758258]Proposal 20: A channel load metric based on missing RLM-RS transmissions should be supported to reflect congestion status of the medium.  
Note that for given channel load metrics, granularity of measurement and reporting should be per LBT sub-band, as including more number of sub-bands for channel load measurements would likely lead to biased or incorrect measurements (e.g. if an interfering device performs transmission on one sub-band, then a UE measuring channel load on more than 1 sub-band may determine lower channel load even in presence of an interfering node).
[bookmark: _Toc4758259]Proposal 21: Measurements and reporting of all channel load metrics are performed per LBT sub-band. 
L1 samples for RRM and RLM
The following agreement was reached in RAN1 #96 [7]:
· 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

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 SMTC COT reduces medium access opportunities for other nodes and are thus strongly undesirable. For this reason, RLM-RS transmissions outside SMTC should not be counted towards out-of-sync evaluation.
[bookmark: _Toc173676][bookmark: _Toc4758260]Proposal 22: RS transmitted outside RLM-SMTC 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 SMTC 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 SMTC of the serving cell.
[bookmark: _Toc173677][bookmark: _Toc4758261]Proposal 23: Signals transmitted outside RLM-SMTC can be utilized by UE for in-sync evaluation.
As illustrated in Figure 6, non SMTC samples may still count for In-Sync evaluation.


[bookmark: _Ref521647876]Figure 6: RLM sampling for NR-U
Note that always monitoring for RLM resources outside SMTC will put more stringent requirements on UE side, and will also lead to higher interference in the unlicensed channel due to frequent network transmissions. It seems preferable to transmit these additional RLM signals only when network detects consistent channel acquisition failures during SMTC. For e.g. network may initiate transmission of these additional resources if network is not able to acquire channel for N number of consecutive SMTC occasions or if network receives UE(s) report indicating radio link problem. Hence, the RLM signals used for opportunistic transmission can be either semi-persistent CSI-RS or aperiodic CSI-RS or any other physical channel (e.g. receiving a PDCCH transmission from the network could be interpreted as IS indication). Note that, we do not expect UE to monitor and try to receive these signals mandatorily at all times, rather, these measurements can be performed opportunistically or can be based on UE trying to receive regular serving cell transmissions (e.g. monitoring PDCCH candidates within configured search spaces).
[bookmark: _Toc4758262]Proposal 24: RAN1 to discuss which RLM signals can be used for IS evaluation outside RLM-SMTC (e.g. semi-persistent or aperiodic CSI-RS or any other physical channel detection)
For both RLM and RRM purposes, absence of expected L1 samples is meaningful: such absence could indicate congestion in the medium, especially for L1 samples collected in SMTC. 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: _Toc173678][bookmark: _Toc4758263]Proposal 25: For NR-U RRM purposes, L1 reports of RF signal quality should exclude RS DTX.
[bookmark: _Toc173679][bookmark: _Toc4758264]Proposal 26: Missing RLM-RS transmission should not be treated as an OOS indication. A new mechanism is required to trigger RLF when UE misses RLM-RS transmissions for a duration of time.
DRS Indicator for DRX ON
A UE in C-DRX should 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 7, where a DRX ON indicator (DRX ON IND) is multiplexed with the SS Burst transmitted in the SMTC window immediately preceding the active DRX ON occasion.


[bookmark: _Ref521656154]Figure 7: DRX ON pre-grant multiplexed with preceding SS Burst
[bookmark: Proposal15][bookmark: _Toc4758265]Proposal 27: 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: _Toc173680][bookmark: _Toc4758266]Proposal 28: 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: _Toc173681][bookmark: _Toc4758267]Proposal 29: 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:
Observation 1: Using Rel-15 NR framework of communicating SSB position using SSB index has lower PBCH overhead as compared to other schemes
Observation 2: Scheduling of RACH resources using paging can be considered as a variant of RACH resource scheduling using DCI, where the triggering PDCCH is the GC-PDCCH during paging occasions.
Observation 3: RACH resource scheduling immediately following DRS detection puts extra restriction on network acquired COT structure.
Observation 4: For multiple RACH transmissions before RAR reception, careful analysis is required for quantifying interference to neighbouring nodes of UE due to extra RACH transmissions.

Proposal 1: RAN1 to confirm that cell discovery and mobility procedures support both synchronous and asynchronous neighbour cell (intra and inter-operator) deployments.
Proposal 2: Value of Y is 16 for 15kHz SCS and 32 for 30kHz SCS
Proposal 3: The SSB candidate position (and, implicitly, timing) within SMTC window should be communicated via the SSB Index.
Proposal 4: Allow gNB to initiate transmission of SS burst from any candidate SSB position (subject to LBT) within the SMTC window.
Proposal 5: gNB indicates a parameter Q within PBCH, to derive QCL assumption between different SSB positions within a SMTC window. UE assumes that two SSBs are QCLed if the corresponding SSB_index modulo Q are the same.
Proposal 6: As in NR Rel-15, PBCH DM-RS is used to identify 3 LSBs of SSB index.
Proposal 7: Same PBCH DM-RS sequence is used for same candidate SSB position across SMTC windows
Proposal 8: Q can take values from 1/2/4/8. Number of SSB beams can be less than or equal to value of Q.
Proposal 9: RAN1 should consider the feasibility of second-chance DRS transmissions within a DRS period interval.
Proposal 10: Whenever possible, pages, page grants or paging indications can share COT with SSB occasions.
Proposal 11: When a paging occasion does not occur within the SMTC, gNB can indicate within the preceding SMTC whether the paging occasion will be used for paging transmission or not.
Proposal 12: RACH resources can be configured across multiple LBT sub-bands within a BWP for a connected mode UE where each RACH resource is contained within an LBT subband.
Proposal 13: UE may perform LBT over one or more sub-bands for RACH transmission. UE may perform RACH transmission on one of the sub-bands where LBT is successful.
Proposal 14: For a UE operating in CA mode, UE can perform RACH transmission on an SCell without receiving PDCCH order. UE may select an SCell for RACH transmission based on active interference (e.g. using LBT results or RSSI measurements) observed across SCells.
Proposal 15: Support RACH resource configuration outside initial active BWP using RMSI (e.g. similar to SUL design in NR Rel-15).
Proposal 16: On top of RRC configured RACH opportunities, NR-U supports scheduling of RACH opportunities via DCI.  - FFS how the DCI trigger is coded and transported: CORESET, PDCCH configuration type, RACH Occasion type, multiplexing and format/s, RNTI, COT length.
Proposal 17: DCI shall be used to indicate COT reservation to cover the RACH occasions. UEs can select LBT category in accordance.
Proposal 18: RAN1 shall consider an approach to prioritize RACH transmissions over same-symbol PUCCH/PUSCH transmissions from different UEs.
Proposal 19: Separate from RSSI-based channel occupancy, a channel load metric based on UL LBT success rate is necessary to reflect the congestion in the medium.
Proposal 20: A channel load metric based on missing RLM-RS transmissions should be supported to reflect congestion status of the medium.
Proposal 21: Measurements and reporting of all channel load metrics are performed per LBT sub-band.
Proposal 22: RS transmitted outside RLM-SMTC shall not contribute towards out-of-sync evaluation.
Proposal 23: Signals transmitted outside RLM-SMTC can be utilized by UE for in-sync evaluation.
Proposal 24: RAN1 to discuss which RLM signals can be used for IS evaluation outside RLM-SMTC (e.g. semi-persistent or aperiodic CSI-RS or any other physical channel detection)
Proposal 25: For NR-U RRM purposes, L1 reports of RF signal quality should exclude RS DTX.
Proposal 26: Missing RLM-RS transmission should not be treated as an OOS indication. A new mechanism is required to trigger RLF when UE misses RLM-RS transmissions for a duration of time.
Proposal 27: 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 28: 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 29: 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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RAN1 Agreements
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 RACH 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 RACH resources via DCI. 
i. Triggered RACH within TXOP can use a new resource
b. For idle mode UE, scheduling of RACH 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 RACH 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 SMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the SMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the SMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the SMTC(s)
· RLM SMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of SMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If SMTCs 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 SMTC 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
RAN1#AdHoc 1901 [6]
Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

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)

RAN1#96 [7]
Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.
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
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In example 1, gNB gains medium access on slot 0 in SMTC window and is able to transmit 8 SSBs (SSB0-7). In example 2, gNB has medium access on slot 1 and is able to transmit 6 SSBs (SSB2-7)
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