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1. Introduction

In RAN #80, a new Rel-16 study item on NR UE power saving was approved [1] with the following objectives for RRM:

1) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

The study item in RAN1 has been completed with the corresponding agreements and evaluation results were captured in the TR 38.840 [2]. In RAN2#105bis meeting, some progress have been made: 

1. RAN2 evaluates RRM measurement relaxation in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. 

2. RAN2 to evaluate relaxed monitoring criteria under which the UE may relax RRM measurements. The relaxed monitoring criteria may include the following aspects, but are not limited to:
· UE mobility status (e.g. serving cell variation, speed, movement, direction, cell (re-selection, UE type …)
· Link quality (e.g. serving cell threshold/quality, position in cell, …)
· Serving cell beam status (e.g. beam change, direction, beam specific link condition…)

3. Serving cell measurements are not excluded from the evaluation of relaxed RRM measurements for now.

In this contribution, we discuss the solutions for time domain RRM measurement relaxation.
2. Discussion
2.1. Time domain RRM relaxation
For time domain RRM relaxation, adapting/relaxing measurement period is well studied in the SI in RAN1 and provided with the following from TR [2],

· Sufficient power saving gains, e.g., 11.1% - 26.6% by relaxing measurement period 4 times. 

· Sufficient sources: total 7 sources provide results.

Furthermore, based on our evaluation on mobility aspects in [3], we can find that no impact on the mobility performance for stationary UEs and almost marginal mobility impact for low speed UEs, i.e. 3km/h. 
The solution for time domain RRM relaxation includes measurement periodicity extension or measurement sample reduction. From RAN2 point of view, there is no motivation to distinguish connected mode and idle/inactive mode for RRM measurement relaxation. In connected mode, it is certainly up to network to configure the relaxation. In idle/inactive mode, the RRM measurement relaxation should also be controlled by the network. That is, network can enable such relaxation or configure the corresponding threshold or conditions for the UE. 
Proposal 1: All RRM measurement relaxation in connected, idle, and inactive mode should be controlled by the network. 

The TR [2] captured three ways of relaxation as follows,

· gNB controlled RRM measurement operation with UE assistance information reported to gNB, e.g.,
· mobility related information (e.g., mobility state, history of mobility state, UE's visited cells and cells not reselected due to the ping-pong effect, the number of handovers for certain period, etc.)

· channel condition (e.g. change in serving RS/signal)

· gNB controlled RRM measurement operation without UE assistance information reported to gNB based on certain conditions, e.g.,
· Doppler estimation for RRC CONNECTED states
· cell type (e.g., small cell/macro cell)
· gNB controlled threshold to support UE autonomous RRM measurement adaptation based on e.g.,

· signal measurements (e.g., RSRP)
· UE mobility state (e.g., low/medium/high mobility)
· UE location in the cell (e.g., cell-center/cell-edge)
· S-measure enhancement (e.g. S-measure for SCell, CSI-RS) 
In RRC_CONNECTED mode, the above three solutions can be considered, no matter whether the measurement sample can be reduced or measurement period can be extended. The UE can perform RRM measurement according to the network configuration. 

For gNB controlled RRM measurement relaxation with UE assistance information reported to gNB, the relaxation can be based on network enable/disable indication. The UE assistance information can be UE mobility information, handover history information and so on. For gNB controlled RRM measurement relaxation without UE assistance information, the relaxation can be enabled based on cell type, e.g. indoor cell. More specific, if the cell is an indoor cell, the network expects that the UE is stationary or very low mobility. 
For gNB controlled threshold to support UE autonomous RRM measurement adaptation, the relaxation can be enabled based on the serving cell quality, e.g. RSRP. More specific, when the channel quality (e.g., RSRP) for the serving cell is good enough (e.g. above a configured threshold), or the UE is stationary or in an indoor cell or the number of cell changes in a given interval is very small, the network can indicate the RRM measurement relaxation. That is, the RRM measurement period can be extended to a longer value. 

In RRC_IDLE/RRC_INACTIVE mode, the UE perform cell selection/reselection based on RRM measurement. In order to reduce some measurement, network can configure a set of RRM configurations for power saving, e.g. a longer measurement period and/or a relaxed measurement sample requirement. For gNB controlled RRM measurement operation, the relaxation can be also based on cell type as in connected mode. The network can indicate the RRM relaxation in time domain, e.g. the UE is allowed to measure every N*DRX cycle. For gNB controlled threshold to support UE autonomous RRM measurement adaptation, with the configuration from network, the UE can determine whether to relax the RRM measurement in time or not as in connected mode. 

Thus, the idle mode UE can conditionally choose which RRM measurement requirement is applied to perform RRM measurement based on network configuration. 

Proposal 2: In connected/idle/inactive mode, the network can configure the relaxed RRM measurement with enable/disable indication or threshold for the RRM relaxation. 

Proposal 3: In connected mode, the UE can perform the relaxed RRM measurement up to network enable or when the condition configured by network is satisfied.
Proposal 4: In idle/inactive mode, the UE can conditionally choose whether to perform RRM measurement relaxation based on network configuration.

The above mechanisms are applicable for both neighboring cell and serving cell RRM measurement relaxation. More detailed simulation results can be found in [3]. 
3. Text proposal on TR

---------------------------------------------------------Text Proposal Start-------------------------------------------------------

6.4
Higher layer procedures for power consumption reduction in RRM measurements

Relaxing the serving and neighbour cell measurements for NR UE should be supported with minor mobility impact. 
The RRM measurement relaxation is considered in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE. All RRM measurement relaxation in connected, idle, and inactive mode should be controlled by the network. The network can configure the relaxed RRM measurement with enable/disable indication or threshold for the RRM relaxation. 

The relaxed monitoring criteria under which the UE may relax RRM measurements should be studied. The relaxed monitoring criteria may include the following aspects:
•

•
Link quality (e.g. serving cell threshold/quality, position in cell …)

•
Cell type (e.g. indoor, out-door …)


---------------------------------------------------------Text Proposal End-------------------------------------------------------Proposal 5: RAN2 to consider the above text proposal about the UE assistance information for power saving. 
4. Conclusion

In this contribution, we discuss the UE power consumption reduction for time domain RRM measurement relaxation. Based on the discussion, we have the following observations and proposals:

Proposal 1: All RRM measurement relaxation in connected, idle, and inactive mode should be controlled by the network. 

Proposal 2: In connected/idle/inactive mode, the network can configure the relaxed RRM measurement with enable/disable indication or threshold for the RRM relaxation. 

Proposal 3: In connected mode, the UE can perform the relaxed RRM measurement up to network enable or when the condition configured by network is satisfied.

Proposal 4: In idle/inactive mode, the UE can conditionally choose whether to perform RRM measurement relaxation based on network configuration.

Proposal 5: RAN2 to consider the above text proposal about the UE assistance information for power saving.  
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