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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




And in the last RAN4 meeting, the working plan for NR-U [2] was agreed in which several RRM aspects for NR-U were recognized (e.g. NR idle mode requirements). Therefore, in this contribution we provided our considerations the requirements for NR-U idle mode in case of NR-U standalone scenario (Scenario C).

2 Discussion
For stand-alone NR-U, the requirements for idle mode can be specified including:

· Cell selection
· Cell reselection :

· UE measurement capability

· measurement and evaluation interval 

2.1. Cell Selection
In 3GPP TR 38.889 [3] the following has been agreed upon:

	· For Inactive and Idle mode procedures, Rel-15 NR design is considered as the baseline. As such, NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is also used as the baseline
· In unlicensed bands, multiple PLMNs can use the same carriers without any coordination. Therefore, the best cell found by a UE on a frequency may not belong the registered PLMN. In this case, the UE should be enabled to camp on a non-best cell on a carrier if the best cell does not belong to the registered PLMN (or E-PLMN), where the non-best cell would still be the best cell of the registered PLMN.



In order to camp on the feasible cell as quick as possible, UE can use NR’s cell selection criteria (Srxlev > 0 AND Squal > 0 [4] ) as the baseline to simplify the initial cell selection as possible. That is
Observation 1: During NR-U initial cell selection, the initial cell selection can be based on the measurements same as NR (e.g. RSRP and RSRQ). 

But on the other hand, as the best cell found by a UE on a frequency may not belong the registered PLMN, UE need also check the cell’s PLMN information to make sure that it selects a cell belonging to its own PLMN; otherwise the UE will not consider the cell and choose next candidate cell (typically the next strongest cell).

Observation 2 : Cell selection in NR-U will depend on cell level RSRP and RSRQ measurement same as for NR with UE autonomous checking the correct PLMN.

2.2. Cell re-selection
2.2.1. UE measurement capability

RAN4 will need to discuss and decide on the UE measurement capability in NR-U. In a similar manner as for NR, an UE measurement capability in NR-U including the number of NR carriers and E-UTRAN inter-RAT carriers the UE as minimum shall be capable of monitoring. 

Observation 3:In NR-U idle mode, the number of NR carriers, E-UTRA carriers the UE should be capable of monitoring in Idle mode can take the same one in NR as a start point.

To our understanding, in the unlicensed band, there is no any restriction on the carrier deployments. For an example, multiple PLMNs can use the same carriers without any coordination. Thus the number of available carriers in the unlicensed band is arbitrary. On the other hands, it is nature to assume NR UE has the same capability to support the unlicensed carrier to being monitored as that for licensed carrier. 
Proposal 1: Reuse the current requirement in TS38.133 for UE to support the both licensed and unlicensed carriers to be monitored for NR-U idle mode. E.g.
	For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:

-
Intra-frequency carrier, and
-
Depending on UE capability, 7 NR inter-frequency carriers, and

-
Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and

-
Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.

In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 14 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR layers.



2.2.2. Measurement and evaluation requirements
Generally, same as LTE and NR, the cell reselection is to select a suitable cell, such that the UE’s can successfully perform random access and camp on to the selected cell. So when camped on a cell, the UE shall regularly search for a better cell according to the specific cell reselection criteria. 

However, in NR-U the carriers within unlicensed band can be un-planned, in which other network nodes (e.g. WiFi) can be operated. Thus, when camping on an unlicensed carrier, a NR-U UE might suffer from heavy channel load and interference from other unlicensed UEs and various other network nodes.

Observation 4: While camping on an unlicensed carrier, a UE might suffer from heavy channel load and interference. 

As a result, high channel load and occupancy can significantly increase the chance of LBT failure, thereby increasing the delay of cell reselection. Therefore, in RAN2 the feasible ways to shorten the cell reselection delay were investigated. For an example, the channel cell reselection procedure should consider the unlicensed channel loading. 
Accordingly in RAN2, the cell reselection procedure and criteria is still under discussion. For example, in order to avoid the higher LBT failure during the cell reselection, the other metric to evaluate the channel occupancy will be applied. Up to RAN2 agreements, the cell reselection procedure in NR-U may be different with that of NR (e.g. the metric to trigger cell reselection and ranking the cell quality).

Observation 5: From RAN4 perspective, the additional measurement samples are needed due to LBT when UE evaluation the cell reselection in NR-U( e.g. the channel occupancy measured within the duration specified in RAN4).
For the measurements and evaluation on intra-frequency/inter-frequency neighbor cells, it is assumed that in a similar manner as for NR Idle mode. For an example, SS-RSRP and SS-RSRP measurements on the neighbor cells shall perform by UE and UE shall be able to identify the detectable neighbor cells within a specific duration. In principle, for NR-U cell reselection requirements RAN4 could at least define:

· Cell detection time 

· Measurement interval 
· Cell evaluation time 

Similarly we expect re-use these NR requirements for measurement on inter-RAT E-UTRAN cell with some extension as a baseline for setting the requirements for measurements of inter-RAT NR-U cells.
Proposal 3: The same requirement metric for NR SA [TS38.133] cell selection can be reused for NR-U idle mode as a start point.

· Cell detection time (Tdetect,NR-U_xxx)

· Measurement interval (Tmeasure, NR-U_xxx)

· Cell evaluation time (Tevaluate, NR-U_xxx)

2.3. Summary

In summary, the overall potential RRM impacts for NR-U can be listed below: 
	RRM aspects in TS38.133
	Impacts on NR-U Idle mode
	Notes

	4.1. Cell selection
	No
	Same as NR SA

	4.2.2.1 UE measurement capability
	No
	Same as NR

	4.2.2.2 Measure and evaluation of serving cell
	Yes
	Same requirements metric as NR SA(e.g. Nserv)


	4.2.2.3 Measure and evaluation of intra-frequency
	Yes
	Same requirements metric as NR SA(e.g. : Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra)


	4.2.2.4 Measure and evaluation of inter-frequency
	Yes
	Same requirements metric as NR SA(e.g. : Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter)



3 Conclusion
In this contribution, the overview of RRM requirements for NR-U idle mode is provided and the following observations and proposals can be drawn: 
Observation 1: During NR-U initial cell selection, the initial cell selection can be based on the measurements same as NR (e.g. RSRP and RSRQ). 

Observation 2 : Cell selection in NR-U will depend on cell level RSRP and RSRQ measurement same as for NR with UE autonomous checking the correct PLMN.

Observation 3:In NR-U idle mode, the number of NR carriers, E-UTRA carriers the UE should be capable of monitoring in Idle mode can take the same one in NR as a start point.

Proposal 1: Reuse the current requirement in TS38.133 for UE to support the both licensed and unlicensed carriers to be monitored for NR-U idle mode.
Observation 4: While camping on an unlicensed carrier, a UE might suffer from heavy channel load and interference. 

Observation 5: From RAN4 perspective, the additional measurement samples are needed due to LBT when UE evaluation the cell reselection in NR-U( e.g. the channel occupancy measured within the duration specified in RAN4).
Proposal 2: The same requirement metric for NR SA [TS38.133] cell selection can be reused for NR-U idle mode as a start point.

· Cell detection time (Tdetect,NR-U_xxx)

· Measurement interval (Tmeasure, NR-U_xxx)

· Cell evaluation time (Tevaluate, NR-U_xxx)
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