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1. [bookmark: _Toc120549591]Introduction
At RAN#80 meeting, new Study Item on UE power saving in NR was approved [1], the objective are as the following,
· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

· Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
· Network and/or UE assistance information
· Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
· Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
· Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
· Study the enhancement of higher layer procedures for UE power saving   [RAN2]
· Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
· Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

In this contribution, one solution in frequency domain to reduce inter-frequency RRM measurement power consumption will be discussed. 
2. Reduce number of intra-band measured frequencies in inter-frequency measurement
In this section, the reduction of number of measured frequencies in inter-frequency RRM measurements to reduce UE power consumption will be discussed.
2.1 Motivation
In NR, RRM measurements are performed in RRC_IDLE/RRC_INACTIVE for cell selection and reselection and in RRC_CONNECTED for handover. However, the current RRM measurements configuration and requirement are not optimized for different conditions, such as channel condition, UE location, UE speed, measurement configuration, etc. This will cause some unnecessary measurements which increases the UE power consumption, so relaxing of RRM measurements can be considered for low mobility or stationary scenarios. Also current RRM measurements mechanism can be enhanced to improve the measurement efficiency and reduce power consumption.
In current network deployment, several intra-band frequencies can be deployed in the same eNB to improve network capacity, and different UEs can camp on different frequencies. For example, in LTE network, one operator has 60MHz in band 41 and can deploy three carriers of 20MHz in one eNB. For these three carriers deployed on the same site, the propagation characteristics is similar, and it is very likely for UE to get a similar measurement results. In current inter-frequency RRM measurement framework, if all the carriers in the same band are configured to UE for measurement, UE has to measure all the carriers and chooses the strongest cell to camp on or handover, even the RSRP/RSRQ measurement results of various intra-band carriers will have little differences. Therefore, in this case, measurements on all the intra-band frequencies are meaningless to UE due to the similar measurement results, and this will increase UE power consumption. In addition, there may be a UE capability limit on the number inter-frequency measurements, if UE has to do such measurements without additional measurement gain, UE may lose chance to measure more frequencies. 
Therefore, for inter-frequency measurement, it is necessary to reduce the number of measured frequencies in intra-band RRM measurements to realize UE power saving.
Proposal 1. For inter-frequency measurement, the number of intra-band measured frequencies could be reduced to realize UE power saving.
2.2 Measurement procedure
As discussed in the above section, the number of intra-band measured frequencies can be reduced in inter-frequency measurements. One way is that gNB can configure UE the relationship between different intra-band measured frequencies or measured frequency groups. If UE measures one of the frequencies, UE can assume the measurement results also be applicable for other frequencies which have relationships with the measured frequency. The configuration of measured frequencies or measured frequency groups and the association relationships can be indicated in measurement configuration information such as system information or measurement object.
For example, there are three intra-band frequencies A, B and C deployed in the same gNB and gNB could configure UE the association among these frequencies. UE only needs to measure one of them such as frequency B and the measurement result can represent frequency A and C as well. In this way, UE can avoid measuring some unnecessary frequencies to realize power saving.
Proposal 2. The measured frequencies or frequency groups and the association relationships between measured frequencies or measured frequency groups can be indicated to UE in measurement configuration information. UE measures one frequency or frequency group among the associated frequencies or frequency groups to be measured, and the measurement results are applied to all the associated frequencies or frequency groups.
Based on the above measured frequencies reduction method, UE only needs to measure few frequencies to realize power saving. One problem is that many UE may select the same cell such as the first cell in the associated frequencies which will cause load imbalance in different cells. Therefore, the measurement probability for each measured frequencies can be configured by gNB. After the measurements, UE generates a random number and selects the camped or target handover cell according to the measurement probability. 
For example, gNB configures three measured frequencies A, B and C which have association relationships and configures the measurement probability for each is 1/3, respectively. When UE measures one of these frequencies and decides to select these three frequencies cells to camp on or handover according to the measurement results, UE generates a random number between 0 to 1 and selects the cell according to the random number. In this way, UE not only needs to measure few frequencies but also selects a suitable cell to realize power saving and load balance in the whole network.
Proposal 3. The measurement probability for each measured frequencies can be configured by gNB. UE generates a random number and selects the cell to camp on or handover according to the measurement probability.
3. Conclusions
In this contribution, for inter-frequency measurement, relaxing the number of intra-band measured frequencies is discussed, and the following proposals are made.
Proposal 1. For inter-frequency measurement, the number of intra-band measured frequencies could be reduced to realize UE power saving.
Proposal 2. The measured frequencies or frequency groups and the association relationships between measured frequencies or measured frequency groups can be indicated to UE in measurement configuration information. UE measures one frequency or frequency group among the associated frequencies or frequency groups to be measured, and the measurement results are applied to all the associated frequencies or frequency groups.
Proposal 3. The measurement probability for each measured frequencies can be configured by gNB. UE generates a random number and selects the cell to camp on or handover according to the measurement probability.
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