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1 
Introduction
The work item of “NR-based Access to Unlicensed Spectrum” was approved [1]. The main objectives of this work item are captured below:

	· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI

· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz

· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands
· Consider similar forward compatibility principles made in the NR WI 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure




According to [2], several functionalities required for a NR-U system may be revisited, e.g. LBT, DRS including PSS/SSS/PBCH, idle mode mobility. 

Therefore, as the earlier stage of RRM discussions in RAN4, in this contribution we provided a high level overview of UE RRM requirements impacts for NR-U from several aspects below.

i. Measurement procedure and accuracy
ii. Idle mode mobility

iii. Mobility types
iv. RLM

v. Beam level mobility 
vi. Random access
2 Discussion 
2.1. Measurement procedure and accuracy  
In the unlicensed bands, channel access mechanisms need to comply with regulations. For example, LTE-LAA LBT mechanism is adopted as baseline for 5GHz band and adopted as the starting point of the design for 6GHz band [2]. On the other hand, in unlicensed spectrum channel availibility cannot always be guaranteed. In addition, certain regions such as Europe , Japan and China prohibit continuous transmission and impose limits on the maximum duration of a transmission burst in the unlicensed spectrum. Hence, discontinuous transmission with limited maximum channel occupaied time(COT) is an essentially required functionality for NR-U.
Observation 1: In NR-U channels of reference signals are subject to both LBT and discontinuous transmission restrictions, the periodic measurement can’t be guaranteed. 
Thus we can propose that:

Proposal 1: The specific RRM requirement for NR-U shall be studied given that:

· a periodic reference signal/channel for measurements may be NOT presented due to LBT

Moreover, in RAN1 how to migigrate the effects of LBT failture to the measurement opportunities was disccussed and the the following agreements were achieved in SI [2].

	7.2.1.3.2
Initial access and mobility
….

For SS/PBCH block transmissions as part of DRS, it is considered beneficial to expand the maximum number of candidate SS/PBCH block positions within the DRS transmission window to Y, for e.g., Y ≤ 64, where the choice of Y may depend on the numerology of the SS/PBCH blocks. The transmitted SS/PBCH blocks do not overlap and the maximum number of transmitted SS/PBCH blocks is X within DRS transmission window with X ≤ 8. The time-domain positions of the actually transmitted SS/PBCH blocks are selected from a set of Y candidate SS/PBCH block positions. Proposals for shift granularity between candidate time domain SSB positions/candidate groups of SSBs, duration of DRS transmission window, and duration of the transmitted DRS within the window including SSBs and other multiplexed signals/channels, were discussed without reaching consensus, and can be considered further when specifications are developed.  “




This implies that multiple DRS occassions in a DMTC window is possible to be used for NR-U measurments and initial access. However, from RAN4 perspective non-UE specific and frequency agonistic requirements are recommended. That is the worst case with single DRS occasion shall be considered as a baseline working assumptions when defining NR-U RRM requirements as these for E-UTRA [4]and NR.  
Proposal 2: NR-U requirements on measurement reporting and cell identification shall be based on single DRS occasion within a DMTC window.

Particularly, the other potential way to reduce the measurement delay due to LBT failure can be a single DRS occasion for the measurement. That is a single DRS occasion for RRM measurement requirements can be taken as the baseline. However on the other hand, if there is only one DRS occasion within a measurement period, the benefit of multiple DRS measurement samplings and L1 measurement filtering may be vanished. 
Therefore, further analysis and evaluation on whether the RSRP/RSRQ measurement accuracy for NR in Rel15 can be reused for NR-U are still needed. 

Proposal 3:  The measurement accuracy requirements for NR-U need to be further evaluated based on a single DRS occasion. 
2.2. Idle mode mobility

There are several possible NR-U deployment scenarios identified in [2] as below. 
	Five deployment scenarios have been identified:

· -
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.

· -
Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· -
Scenario C: Stand-alone NR-U

· -
Scenario D: An NR cell with DL in unlicensed band and UL in licensed band

· -
Scenario E: Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)


It shall be noted that for Scenario A & B, UE mobility management shall be based on NR or LTE PCell. That implies the requirements of idle mode mobility can be applicable for other stand-alone cases only.
Particularly although for mobility in RRC_IDLE mode does not require explicit RRC signaling, the cell level mobility procedures in RRC idle mode (e.g. cell selection/re-selection) introduced for NR-U are discussed and driven by RAN2.
Proposal 4:  The cell selection/re-selection requirements for RRC idle mode can be firstly investigated for NR-U standalone deployment scenarios.
2.3. Mobility types  
In pricinple in NR-U the radio resource management (RRM) can consider the similar mobility types below as in NR[3] :

· Intra-frequency measurements;


· Inter-frequency measurements, and

· Inter-RAT measurements

And as indicated in NR-U WID [1] potential spectrum arrangement is focused on 5GHz and 6GHz frequency ranges. However for 6GHz unlicensed spectrum, it is still FFS because of waiting for the regulatory requirements for 6GHz. It seems only single frequency band for NR-U until the regulation and band definition for 6GHz future. 

Observation 2: The requirements on inter-frequency and iner-RAT measurement can be deprioritized. 
2.4. RLM
The purpose of radio link monitoring is to monitor the radio link quality of the connected serving cell and use that information to decide whether UE in RRC_CONNECT state is in in-sync or out-of-sync to that serving cell. In principle, RLM can be applicable on PCell only. Thus RLM requirements can be considered for NR-U standalone or NR-U PCell/PScell (e.g. the deployment Scenario C,D,E).
In NR, UE performs measurement on SSB and CSI-RS to monitor the connection quality. According the existing agreements in RAN1 below, we can see

Observation 3:  In NR-U both SS block and CSI-RS can be used as RLM reference signals.
	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




Same as LTE and NR, the main RLM parameters used to define NR-U RLM requirements are: 

· Out of Sync (OOS) and In Sync (IS) thresholds

· Evaluation period of DL radio signal quality for OOS and IS detections

· Control channel transmission parameters for applicability of OOS and IS detection

More specially, in LTE OOS and IS thresholds correspond to 10% and 2% of hypothetical BLER of the control channel. One of important RLM procedure comprises a mapping between measured reference signals and hypothetical BLER of the control channel for UE in RRC_CONNECT state. However, in NR-U as the reference signal (e.g. SSB and CSI-RS) can be subjected to LBT failure, the missed detection error due to LBT shall be counted as OoS/IS indication. 
Observation 4:  In NR-U not only SINR conditions of reference signal but also but also the absence of reference signals due to LBT shall be considered for the hypothesis to declare OOS and IS. 
2.5. Beam level mobility
In NR the beamforming is fundamental technique to resolve the problems in case of high frequency band. Thus the beam level mobility managements (e.g. beam measurement, reporting and beam failure detection) are desired for NR-U operating at higher bands.  
Currently in RAN1 and RAN2, the physical design for the reference signal for NR-U beam measurement (e.g. L1-RSRP based on SSB or CSI-RS) can be similar as these in NR. 

	RAN2 NR AH-0718 Agreements:

· R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)
· 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. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.


From RAN4 RRM perspective, it can be seen:

Observation 5:  In NR-U the reference signal for measurement on beams can also be based on two types of reference signals (SSB and CSI-RS).

Observation 6:  The reporting criteria for the beam measurement can be same as these for NR, e.g. L1-RSRP.
Hence as the start point of RAN4 study on beam level mobility requirements, we can suggest that:

Proposal 5:  The same frameworks for NR-U beam management requirements (e.g.L1-RSRP and BFD) can be used as the start point in RAN4 RRM study until RAN1&2 updates.  
2.6. Random access

In RAN2 study the changing on the random access for NR-U was identified. For example, 2-step CBRA will be studied. As a result, in RAN4 the requirement for the random access for the stand-alone NR-U shall be investigated accordingly.
	RAN2 NR AH-0718 Agreements:

· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

· 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

RAN2#103 Agreements:

· R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.

· Will study the model of single-RACH procedure. FFS multiple parallel procedure model 

· Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer

· It is FFS if LBT failure knowledge would be used in MAC (if available), e.g. to decide whether to increments counters PREAMBLE_POWER_RAMPING_COUNTER PREAMBLE_TRANSMISSION_COUNTER, or start stop of timers.

· RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. 
 


Observation 7:  The random access requirements for NR-U shall be studied upon RAN1&RAN2’s final agreements in WI stage.
2.7. Summary

In summary, the overall potential RRM impacts for NR-U can be listed below: 
	RRM aspects
	Impacts on NR-U 
	Sections in TS38.133[3] to be changed

	RRC idle mode mobility requirements
	Yes
	4.1 Cell Selection
4.2 Cell re-selection

	Measurement procedure
	Yes
	9.1 General measurement requirement
9.2 NR intra-frequency measurements
9.3 NR inter-frequency measurements
9.4 Inter-RAT measurements

	Measurement accuracy
	Yes
	10.1 NR measurements

	Radio link monitoring
	Yes
	8.1 Radio link monitoring

	Beam level mobility
	Yes
	8.5 Link recovery procedure
9.5 L1-RSRP measurements for reporting

	Others (e.g. Chanel occupancy , etc)
	TBD
	


3 Conclusion
In this contribution, the overview of RRM requirements impacts in NR-U is provided and the following observations and proposals can be drawn: 
Observation 1: In NR-U channels of reference signals are subject to both LBT and discontinuous transmission restrictions, the periodic measurement can’t be guaranteed. 
Proposal 1: The specific RRM requirement for NR-U shall be studied given that:

· a periodic reference signal/channel for measurements may be NOT presented due to LBT

Proposal 2: NR-U requirements on measurement reporting and cell identification shall be based on single DRS occasion within a DMTC window.

Proposal 3:  The measurement accuracy requirements for NR-U need to be further evaluated based on a single DRS occasion.

Proposal 4:  The cell selection/re-selection requirements for RRC idle mode can be firstly investigated for NR-U standalone deployment scenarios.
Observation 2: The requirements on inter-frequency and iner-RAT measurement can be deprioritized. 
Observation 3:  In NR-U both SS block and CSI-RS can be used as RLM reference signals.
Observation 4:  In NR-U not only SINR conditions of reference signal but also but also the absence of reference signals due to LBT shall be considered for the hypothesis to declare OOS and IS.

Observation 5:  In NR-U the reference signal for measurement on beams can also be based on two types of reference signals (SSB and CSI-RS).

Observation 6:  The reporting criteria for the beam measurement can be same as these for NR, e.g. L1-RSRP.
Proposal 5:  The same frameworks for NR-U beam management requirements (e.g.L1-RSRP and BFD) can be used as the start point in RAN4 RRM study until RAN1&2 updates.  
Observation 7:  The random access requirements for NR-U shall be studied upon RAN1&RAN2’s final agreements in WI stage.
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