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1 Introduction
A study item on NR based access to unlicensed spectrum has been concluded in RAN#82 plenary in December 2018 [1]. At the same time, a new WI has been approved on NR-U in 5 and 6 GHz [2] which involves RAN4. According to the WID, RAN4 work includes development of both RF and RRM requirements. 
At previous RAN4 meeting, RAN4 agreed on a RRM work plan [3] and a way forward [4], and following work is expected at RAN4#91 meeting: 
	RAN4#91 May 2019
	Discussions on

· Survey on latest agreements in RAN1 and RAN2 which will impact RRM core work
· Initial discussion on RRM requirements for NR-U serving frequency layers based on latest RAN1 and RAN2 agreements

· Discussion on RRM measurement capabilities for scenario A-C

· Discussions on idle mode requirements for scenario C (SA), e.g. 

· cell selection and reselection, 

· intra- and inter-frequency measurement capabilities,

·  interruptions to paging, etc.

· Discussions on new SA NR-U mobility requirements (e.g. 

· HO between NR-U cells and between NR-U and cells on licensed bands,

·  interruption times related to HO, 

· RRC reestablishment, RRC release with redirection, random access etc)

Agreements on 

· Technical aspects of RRM requirements for NR-U serving frequency layers

· Measurement capabilities for scenario A-C


In this contribution, we discuss IDLE mode requirements and mobility requirements for standalone operation according to the work plan. 
2 Discussions
2.1 IDLE mode requirements

2.1.1 IDLE mode measurements
The current NR IDLE mode mobility procedures are based on SS-RSRP and SS-RSRQ measurements which are used for evaluating the cell selection criterion S. Both the serving and neighbor cell measurements are performed on the SSBs which occur within the SMTC window. For NR-U standalone, IDLE mode measurements are also to be performed SSBs, but they will be transmitted within DRS window which has a certain characteristics. Moreover, both SSB and CSI-RS are found beneficial to be included in NR-U DRS. The design of DRS window and how reference signals are transmitted within that window is not settled. For example, the transmissions of SSB/PBCH, CSI-RS are subject to LBT failure and this affects the number of reference signals that can be received within the DRS window. Potential RRM impact due to LBT include measurement accuracy, measurement period, scaling factors. The RAN4 measurement aspects of how requirements can be defined based on these reference signals shall be discussed in future meeting when more progress has been reached. From RAN4 point of
· Proposal #1: RAN4 measurements requirements shall be discussed once the DRS framework is in place. 
According to RAN2 agreements, the impact on RRM measurements due to LBT failures is not exposed to layer 3 and is not going to be reflected in any of the RAN2 specification. Given that recurring transmissions of reference signals are not available in idle mode, RAN4 to discuss and identify any impact on cell change procedures (e.g. cell change, measurements). 
· Proposal #2: Any impact on layer IDLE mode measurements or procedures shall be identified and addressed in RAN4 specification.

Furthermore, RAN2 is discussing to define metric to measure the channel occupancy (medium contention) similar to what exists for LTE-LAA. Such metric will affect the RAN4 RRM work, e.g. how they are configured, measured and reported. Therefore it is suggested that RAN4 takes into account these possible new metrics when defining the RRM requirements. 
· Proposal #3: RAN4 shall follow the progress in other working group with regard to new metric to measure channel occupancy and take into account that when defining the RRM requirements. 
2.1.2 DRX enhancements
RAN2 is currently discussing the DRX functionalities for NR-U operation. Some proposals are to use the existing DRX functionalities for NR-U while others propose enhancements. It is suggested that RAN4 follows the RAN2 progress on this work and discusses it future meeting if needed.
· Proposal #4: RAN4 shall follow the DRX enhancement discussions in RAN2, and discuss the RRM impact based on the outcome of the discussion.  
2.2 Mobility requirements

Mobility procedures

According to SI TR [1], the standalone NR-U deployments shall support following mobility scenarios:
· Inter-cell cell change between NR-U and NR-U

· Inter-cell cell change between NR-U to NR

· Inter-RAT cell change between NR-U and LTE

The inter-RAT mobility between NR-U and LTE requires requirements to be specified also in the LTE TS 36.133 specification. Since the above mobility scenarios are supported in CONNECTED mode handover procedure, it is reasonable to assume that similar mobility scenarios should also be supported for IDLE mode cell change procedures.
· Proposal #5: IDLE mode cell change requirements are to be specified for following types of mobility procedures: 
· Inter-cell cell change between NR-U and NR-U

· Inter-cell cell change from NR-U to NR

· Inter-RAT cell change between NR-U and LTE

2.3 Measurement capabilities

Looking at release 15 NR UE measurement capability as reference, we have following:

	-
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.


The NR UE is required to monitor a total of at least 14 carrier frequency layers which may include both FDD and TDD. However, the duplex mode of NR-U is dynamic TDD only, and thus the number of carriers to monitor can be reduced considering the supported duplex modes. Assuming proposal #1, the NR-U UE supports inter-RAT mobility between NR-U and LTE which is similar to the NR mobility between NR and LTE. Similarly, NR-U mobility between different NR-U carriers (e.g. in the 5 GHz and 6 GHz bands) can be compared to NR UE mobility between different NR carriers. Moreover, the SNR side-condition for NR-U standalone operation is expected to be the same as NR, which is -6 dB. Hence, the measurement capability of a NR-U UE in standalone operation can be similar to that of a NR UE. 
· Proposal #6: Measurement capability of a NR-U UE in standalone operation can be similar to that of a NR UE.
2.4 CONNECTED mode requirements

The way forward agreed in [3] lists the different types of requirements to be introduced for scenario C. It is, however, premature to discuss the details of the discussions due to lack of sufficient progress in other working groups. In general, since scenario C is a standalone deployment all CONNECTED mode procedures requirements need to be introduced and the procedures that depend on DL/UL receptions/transmissions are affected due to LBT. Based on this view, we have updated the list of requirements in our companion way forward paper with more details. 
3 Summary
In this contribution we have discussed RRM requirements for NR-U standalone deployment based on the agreed way forward from previous meeting and agreements from other working groups. Based on the discussions, we have made following proposals and observations:

· Proposal #1: RAN4 measurements requirements shall be discussed once the DRS framework is in place.  
· Proposal #2: Any impact on layer IDLE mode measurements or procedures shall be identified and addressed in RAN4 specification.

· Proposal #3: RAN4 shall follow the progress in other working group with regard to new metric to measure channel occupancy and take into account that when defining the RRM requirements. 
· Proposal #4: RAN4 shall follow the DRX enhancement discussions in RAN2, and discuss the RRM impact based on the outcome of the discussion.  
· Proposal #5: IDLE mode cell change requirements are to be specified for following types of mobility procedures: 
· Inter-cell cell change between NR-U and NR-U

· Inter-cell cell change from NR-U to NR

· Inter-RAT cell change between NR-U and LTE

· Observation #1: Measurement time in NR-U is likely to be longer due to less availability of measurement signals and this may in turn affect the number of carriers to monitor. 

· Proposal #6: Measurement capability of a NR-U UE in standalone operation can be similar to that of a NR UE.
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