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This paper summarizes open issues on initial access and mobility in RAN1#95. 
· The issues for broadcast and system information transmissions are discussed in Section 2 first, followed by random access in Section 3 and mobility management in Section 4. 
· The proposals generated by the feature lead are appended at the end of each subsection. 
· If agreed, it is expected that the feature lead will help preparing corresponding text proposals. 

[bookmark: _Ref521949043][bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665][bookmark: _Ref129681832]Open issues for broadcast transmissions

Impact of LBT on SS/PBCH Block positions 
Description:
How LBT impacts the transmitted SSBs and details of the DRS transmission window remain to be determined. In RAN1#94BIS, the following agreement was reached:

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



In RAN1#94BIS, the following alternatives were identified to determine how SSB transmissions are performed after LBT success, with company views summarized in the following Table:
Alternatives:
· 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

[image: ]
Alt-6	Comment by Gen Li: [vivo]: this is still proposal in last meeting. We are OK to remove this Alt if no other company supports.


Alt-7



	Company(s)
	View/position 

	Samsung
	Alt-2

	Intel
	Alt-3, Alt-2 (Note: We think the framework of Alt-2 can be used to describe Alt-3 as well. Similar to the comment from E/// we would like to utilize all the existing 64 states in the MIB/PBCH to indicate the frame-timing and the SSB beam index. Additionally, we would like to allow the gNB the flexibility to choose an SSB beam index from a set of pre-defined indices for transmission at a given transmission opportunity.)  

	Qualcomm
	Alt-2

	ITL
	Alt-1, Alt-4

	LGE
	FFS Alt-1 and Alt-2

	Charter
	Alt-1 or Alt-2

	Xiaomi
	Alt-4

	KT Corp
	Alt-2

	CATT
	Alt-5

	MediaTek
	FFS

	OPPO
	Alt-2, Alt-7
We have different understanding of Alt-1. In our view, fixed SSB locations and fixed timing association relationships are assumed, one SSB which fails transmission at the previous location could be shifted to the next location for the same SSB without extra indication of SSB offset. And we address this idea as Alt-7.

	Spreadtrum
	Different understanding of Alt-1/Alt-2.
In our view, all possible time locations of SSBs should be defined at first no matter which alternative we choose, which is similar to R15. 
From UE perspective, impact of LBT failure may be only time index of SSBs. It is also shown in the above figure.
From gNB perspective, impact of LBT failure may also include SSB transmission, such as shifting, cyclic extending, and flexibly choosing. Similar to R15, network has flexibility to choose which SSB to be transmitted actually and it has no standard impact. So, we are not sure about whether we should restrict gNB behavior of SSB transmission.
Therefore, it is better to agree that all possible time locations of SSBs are fixed, and left time index FFS. In this sense, Alt-4 is preferred.
Alt-1 (6 bits time index in total):
[image: ]
Alt-2 (6 bits time index in total):
[image: ] 
In our view, Alt-2 may have issue of soft combining at UE, as shown in the above figure. But, if some truncations are introduced, e.g. truncating SSB#0 for group SSB#5/#6/#7/#0, the soft combining at UE can be guaranteed again. 
We slightly prefer Alt-1/3, since the soft combining within the DRS transmission window at UE can be guaranteed more easily.

	MotM, Lenovo
	Alt-1 [slot-level & SSB-position-level shifting]

	Vivo
	Alt-1, Alt-6Alt. 2

	Sony
	Alt-1 or Alt-3. Timing offset and SSB index should be separately indicated. Duration of DRS transmission window should be confined to within 5ms and Y = 10/20/40 for 15/30/60 kHz SCS.

	InterDigital
	FFS

	Huawei, Hisilicon
	Alt-2, Alt-7 if only single beam configured

	Ericsson
	We have a different understanding of the “cyclic wrapping” of the SSBs. Our proposal is to make use of a subset of the 64 SSB indices available (indicated by PBCH DMRS + 3 bits in MIB) to indicate a shifted SSB within the SMTC window. The UE then makes use of legacy NR-Rel15 mechanism to determine timing based on the SSSB index. The “cyclic wrapping” is of the beam indices computed from the signaled SSB index through a mod function, e.g.,  mod (SSB Index, N) where N = the number of SSBs. This lets the UE know which SSBs are QCL’d with each other from one burst to the next, even though the SSBs may been shifted in time.

	NTT DOCOMO
	Alt-2

	Nokia, Nokia Shanghai Bell
	Alt-2 (cyclic shift), 10/20/40 fixed SSB positions max, based upon a 5ms max DRS window duration



Proposal: 
· The maximum number of candidate SSB positions within DRS transmission window, Y, is dependent on SSB SCS, for e.g., Y = [16] for 15 kHz, Y = [32] for 30 kHz, Y = [64] for 60 kHz (if supported)
· It is recommended for the maximum DRS transmission window duration to be extended beyond 5 ms, similar to LTE-LAA.
· Maximum number of transmitted SS/PBCH blocks within the DRS transmission window: X = 8 for any SSB SCS
· Duration of the transmitted DRS within the window: up to 2 ms (depending on the configuration of actually transmitted SS/PBCH blocks);
· The mapping between candidate SS/PBCH block location index i (i = 0, 1, …, Y-1) to actually transmitted SS/PBCH block index i_SSB is given by i_SSB = i mod X (e.g. periodically wrapping around);
· Shift granularity between group of SS/PBCH blocks: 0.5 ms 
· Timing information acquisition: the timing offset o_SSB = floor(i/X) is indicated to the UE in the corresponding SS/PBCH block;
· For determination of QCL information, SS/PBCH blocks with the same SS/PBCH block index are assumed to be QCLed (as in NR Rel-15), and no need to specify the QCL assumption within a DTTC window.  




Note: Several companies discussed modifications to the synchronization raster for NR-U, and the applicability of Cat-2 and Cat-4 LBT for SS/PBCH block transmissions. These issues are better addressed in AIs 7.2.2.2 and 7.2.2.4.1 

Additional proposal from Nokia, NSB to be discussed: 
Capture in the TR: no benefits of multi-beam operation over single-beam operation has been identified for NR-U DRS transmissions below 7 GHz. Contrary, multi-beam operation increases the system overhead.


Paging enhancements 
Description:
It has been agreed that modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.
Candidates: 
· Potential paging enhancements for NR-U (not mutually exclusive):
· 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 to a single BWP within the wideband CC in order to reduce the paging overhead
· Alt-7: gNB PHY provides 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

	Company(s)
	View/position

	Samsung
	Alt-4

	Qualcomm
	Alt-5

	ZTE
	Alt-1a

	Intel
	Alt-3, Alt-1a

	Huawei, HiSilicon
	Alt-6

	MediaTek
	Alt-2 

	Charter
	Alt-7

	Spreadtrum
	Alt-8

	InterDigital
	Alt-2

	LGE
	Alt-1b

	Nokia, NSB
	Need for Alt-7 to be further discussed 



ProposalOffline consensus: 
· 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 
· Frequency-domain multiplexing of paging occasions to minimize overhead
· Note: Parts or all of the above enhancement may fall under RAN2 purview and not require any further study in RAN1
Sharing of COT between DRS and non-DRS DL transmissions and paging occasions/grants to enable more efficient channel access




· It is also considered beneficial to introduce a paging LBT failure indicator from gNB PHY to higher layers in order to prevent the unnecessary escalation of paging transmissions over a larger paging area by the network.

Open issues for random access
Preamble power ramping and retransmission 
Description:
It has been recommended in RAN1#94 that that preamble power ramping is not performed and that the preamble transmission counter is not incremented in the case of UL LBT failure. A related question is the case of power ramping when UL LBT succeeded and no RAR is received from the gNB within the RAR window.
Alternatives: 
· If preamble re-transmission is due to RAR reception failure, it is recommended to perform power ramping operation for the retransmission
· Alt-1: Yes
· Alt-2: No

	Company(s)
	View/position

	Samsung
	Alt-1

	ZTE
	Alt-1

	Charter Communications
	Alt-1

	MediaTek
	Alt-2 if RAR failure is due to hidden nodes

	Nokia, NSB
	Alt-1

	
	



Proposal: 
· If preamble re-transmission is due to RAR reception failure, it is recommended to perform power ramping operation for the retransmission

Enhancements in RACH resources
Note: Further RAN1 design of 2-step RA is considered to be out of scope of the SI, as per RAN#83.
Description:
LBT can also impact the number of PRACH transmission opportunities. Several companies have put forward proposals on densifying PRACH transmission resources in either frequency or time domain, as agreed in RAN1#94BIS:
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

Company views in RAN1#95 on further down-selection of the above mechanisms is as follows.
	Company(s)
	View/position

	TCL
	2a

	Nokia, NSB
	Support 1a, 2a, 2b benefits unclear, 2c covered in 2a, no 2d, 2e already supported in Rel-15

	Intel
	1a across multiple BWPs, single BWP activated, 2a

	MediaTek
	1a

	CATT
	No enhancements necessary

	OPPO
	2a

	MotM, Lenovo
	1a

	Charter Communications
	2c

	vivo
	1a

	Panasonic
	1a, 2a, 2b, 2c, 2e

	LGE
	1a for both PRACH and Msg3 transmission
2a, 2b, 2c, 2e

	InterDigital
	2c, 2d

	Huawei, Hisilicon
	2a, 2d

	Ericsson
	Keep 2c, no need for the rest

	Sony
	1a, 2d

	NTT DOCOMO
	1a



Proposal: 
· The following PRACH resource enhancements are considered beneficial for operation in unlicensed spectrum in order to mitigate the impact of LBT failures:
· Provision of additional PRACH resources that are scheduled via DCI or paging. 
· Triggered PRACH within TXOP can use a new resource
· Additional, new RACH resources that are used immediately following detection of DRS transmission
· Frequency-domain diversity where UEs can select one out of multiple PRACH resources across LBT sub-bands or BWPs
· Group-wise ROs associated with a SSB that are spread across multiple time and/or frequency resources
· It is recommended that both CBRA and CFRA be supported on NR-U SCells as well as the SpCell	Comment by 양석철/책임연구원/차세대표준(연)ACS팀(suckchel.yang@lge.com): LG: is this different from the Option 1a as RACH over multiple CCs?



[bookmark: _Ref521949024]Open issues for RRM and RLM

Reporting additional metrics
In LTE-LAA, RSSI reporting together with channel occupancy (percentage of time that RSSI was above a threshold) is supported. While RSSI reporting has found to be beneficial for NR-U, other metrics such as channel occupancy ratio can also be considered. 

Alternatives:
· Alt-1: It is considered beneficial to report channel occupancy or medium contention metrics in addition to RSSI 
· Alt-2: No additional metrics are considered to be necessary

	Company(s)
	View/position

	Samsung
	Alt-1

	MediaTek
	Alt-1

	Sony
	Alt-1

	Ericsson
	Alt-1

	Qualcomm
	Alt-1

	NTT DOCOMO
	Alt-1

	Nokia, NSB
	Alt-1

	Panasonic
	Alt-1



Proposal:Offline consensus 
· It is considered beneficial to report a metric to represent channel occupancy or medium contention metrics in addition to RSSI.
· The exact definition of the metric(s) is left to the WI
· Note: The above is a confirmation of RAN2’s recommendation for the same
RLM in-sync/out-of-sync evaluations and enhancements
Description:
The location of RLM L1 samples used for in-sync (IS) and out-of-sync (OOS) evaluations is critical due to the possibility of gNB LBT failure during scheduled RLM-RS transmission. One option is to at least consider samples coinciding with the SMTC for IS evaluation. Furthermore, several companies propose that an explicit indication be provided if RLM-RS transmissions did not occur due to LBT failure. Below options are not mutually exclusive.
IS evaluation alternatives:
· Alt-1a: Detected RLM-RS within RLM DMTC are 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 DMTC window are also used for in-sync evaluations (upon detection of RLM-RS from gNB)

	Company(s)
	View/position

	Nokia, NSB
	Alt-2

	Qualcomm
	Alt-1a

	OPPO
	Alt-1b/Alt-2

	Intel
	Alt-1a, our understanding is that RLM-RS that are not-detected due to LBT failure within the RLM-DMTC are considered separately by higher layers for RLM procedure

	HW, HiSi
	Alt-1b

	Sony
	Alt-1a and Alt-1b

	Ericsson
	Alt-1a

	vivo
	Alt-2, determine if RLM-RS is transmitted or not and report this information to higher layer for RLM procedure




OOS description:
The location of RLM L1 samples used for OOS evaluation is critical due to the possibility of gNB LBT failure during scheduled RLM-RS transmission. One option is to ignore samples outside the SMTC for OOS evaluation. 
OOS evaluation alternatives:
· Alt-1: Samples outside DMTC are not considered for OOS evaluations.
· Alt-2: Network provides explicit indication if RLM-RS was not transmitted to assist OOS evaluations
· Alt-3: the out-of-sync indication criterion should be enhanced considering the configured RLM-RS may be blocked.

	Company(s)
	View/position

	Nokia, NSB
	Alt-1

	Samsung
	Alt-1

	Qualcomm
	Alt-1

	MediaTek
	Alt-2

	vivo
	Alt-3 determine if RLM-RS is transmitted or not and report this information to higher layer for RLM procedure

	InterDigital
	Alt-2

	OPPO
	Alt-3

	Ericsson
	Alt-1, but the hypothetical BLER estimation for in-synch and out-of-synch should only be based on RLM reference signals that are detected by the UE. That is, samples collected at RLM resources where the gNB did not transmit due to LBT failure, should not be included.

	Intel
	Alt-1, similar comment as E///, RLM-RS that are not-detected due to LBT failure within the RLM-DMTC are considered separately by higher layers for RLM procedure




ProposalOffline consensus: 
· For RLM, the following recommendations are considered beneficial for further design in the WI:
· Identifying a set of RLM-RS that are subject to LBT, e.g., DRS, SS/PBCH blocks, CSI-RS
· 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. 
 to account 
for the impact of LBT on RLM-RS transmissions:
Samples outside DMTC should not be considered for out-of-sync evaluations.
Not detecting a DRS transmission within the DMTC window is also counted in the out-of-sync evaluations
Detected RLM-RS within DMTC and detected L1 samples outside DMTC can be utilized for in-sync evaluations   
· Declare RLF if RLM-RS have not been successfully detected for some period of time

RRM and RLM DMTCs
Description:
In RAN1#94BIS the following FFS point relates to how DMTCs can be configured for different purposes:
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different

Company views in RAN1#95 are summarized below:

	View
	Proponents

	The DMTCs for RRM measurements and RLM can be configured to be different
	Ericsson, Intel, Nokia, Oppo, Charter Communications, LGE?

	The DMTCs for RRM measurements and RLM are the same
	-





ProposalOffline consensus: 

· It is considered beneficial if the time-domainThe DMTCs measurement windows for RRM measurements and RLM can be configured to be different
· 











Agreements in RAN1#93 on initial access and mobility

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
· 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.
· Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.
Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access

Agreements in RAN1#94 on initial access and mobility

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

Agreements in RAN1#94BIS on initial access and mobility

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:
3. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
4. 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


Agreements in RAN2

In RAN2 AH1807 meeting [4], the following agreement was reached for NR-U RA procedure:
Agreement:
· Both CBRA and CFRA are supported on NR-U SpCell and CFRA is supported on NR-U SCells.
· At the first stage, RAR can be transmitted via SpCell
· Assume we Use a predefined HARQ process ID for RAR

Agreements in RAN2#103BIS:
Agreement:
Connected Mode Mobility
· For non-standalone NR-U deployments, connected mode mobility is supported on licensed spectrum using the baseline mobility procedure specified for the concerned licensed radio access technology (LTE or NR).
· For standalone NR-U deployments, the following mobility scenarios shall be supported:
· Inter-cell handover between NR-U and NR-U;
· Inter-cell handover between NR-U and NR.
· In addition, the following mobility scenarios shall be supported based on the mobility between NR-U and NR and and the mobility between NR and (e)LTE, however further optimizations to this scenarios will be considered possibly with lower priority:
· Inter-RAT handover between NR-U and LTE connected to EPC;
· Inter-RAT handover between NR-U and LTE connected to 5GC.
· For connected mode mobility, the main issue identified for NR operation in unlicensed band is the reduced transmission opportunities for different signals due to LBT failure.
· The following modifications to mobility-related procedures have been identified as beneficial to study:
· Modifications to mobility-related measurements considering limitations to the transmission of reference signals due to LBT. NR-U needs to consider techniques to handle reduced RS (e.g. SS/PBCH block and CSI-RS) transmission opportunities due to LBT failure.
· Modifications to mobility-related measurements and/or triggers considering limitations related to high channel occupancy. NR-U needs to consider techniques to handle increased interference levels in the unlicensed channel for mobility-related decisions.
· Modifications to mobility-related procedures and/or triggers considering limitations related to the transmission of control plane signalling due to LBT. NR-U needs to consider whether NR-U specific techniques to handle additional signaling delays due to LBT failure are required, if not resolved by general mobility enhancement solutions [RP-181433].
· Potential modifications to the measurement reporting quantities, to the measurement reporting triggers and to the condition used by the UE when delaying the time at which it applies a reconfiguration for mobility that are based at least on channel occupancy and RSSI should be studied.
Agreement:
RLM/RLF and Mobility
· 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. 
· The RRM and RLM framework for NR-U will also support multiple beam operation
· For UE measurements, it is assumed that recurring transmissions of SSB/PBCH and RMSI will be available with possibly reduced opportunities due to LBT. The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. 
· The handling of missing measurements due to LBT are expected to be captured at physical layer specifications.
· In addition to the existing measurement quantities, channel occupancy and RSSI, similar to adopted for LTE LAA, are considered useful. 
· In unlicensed spectrum, multiple PLMNs from different operators can share the same channel and coordination between different operators may not happen. This may cause PCI conflict and confusion for measurements.

Agreement:
· NR-U will support contention-free RACH (CFRA) and contention-based RACH (CBRA). 
· On SCells, only CFRA is supported while both CBRA and CFRA are supported on SpCells.
· Both 4-step and 2-step RACH will be supported for NR-U. 
· Here 2-step RACH refers to the procedure which can complete CBRA in two steps. One additional benefit of 2-step RACH is due to less LBT impact with the reduced number of messages. However, in order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH. All the RACH triggers for legacy 4-step procedure may also be applicable to 2-step procedure.
· For 4-step RACH, the messages in time order are named as msg1, msg2, msg3, msg4.
· For 2-step RACH, they are named msgA and msgB.
· A single RACH procedure is assumed as a baseline while the need for multiple procedures can be investigated further.
· As a baseline, the random-access response to msg1 will be on SpCell and msg3 is assumed to use a predetermined HARQ ID.
· In legacy RACH, the counters for preamble transmission and power ramping are increased with every attempt. In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. This will require an indication from the physical layer to the MAC.
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