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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, a study item was approved to study NR UE power saving framework [1].  The objective of the UE power saving study includes the following aspects:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) 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)
i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
This contribution focuses on the study of UE power consumption reduction in RRM measurements.
[bookmark: _Ref129681832]Discussion on UE power consumption reduction in RRM measurements
[bookmark: OLE_LINK1]RRM measurement is one of most power consuming function for UE, which is used for managing mobility. For RRM measurement, the power consumption is directly proportional to the measurements frequency and the number of measurement objects including SSBs, cells, frequencies and so on. The power consumption is also affected by the measurement configuration from the Network. For each measurement result, which may be obtained through multiple measurement samples, a straight forward way to reduce power consumption for measurement is to reduce the measurement samples when the accuracy should also be guaranteed. New measurements method may also be proposed to reduce power consumption in RRM measurements. In the following, we discuss the power consumption from five parts.
RRM measurement period adjustment 
RRM measurements for serving cell and neighbor cells are performed in cycles. However, when the UE is in low mobility state, it may not need to perform cell measurement frequently. Especially if the channel quality of the serving cell is good enough over time the UE will not perform neighboring cell measurement and cell reselection. It means that there is no impact on cell reselection if the UE uses larger serving cell measurement period. It is similar to the case that the channel quality of a neighbor cell is bad so that the UE will not reselect it as a potential serving cell. Therefore it is beneficial to have a mechanism to enable adjustable RRM measurement period for power saving. 
Proposal 1: Study mechanisms to enable adjustable RRM measurement period.
Reduction in number of SSBs, cells and frequencies for RRM measurement 
In RRC_Idle/Inactive state, when the channel quality of serving cell is above a threshold, only serving cell measurement needs to be performed. UE may perform measurement on all SSBs in a half radio frame to derive cell measurement quantity. Power consumption will be reduced if the number of SSBs to be measured is reduced with gNB assistant information, especially for UE in mobility state. 
In RRC_Idle/Inactive state, when the channel quality of serving cell becomes worse, UE needs to find new suitable cell to camp on. Therefore, UE needs to perform intra/inter frequency neighbor cell detection and measurement for cell reselection. The related cell reselection parameters are configured through system information. In RRC_Connected state, gNB configures measurement objects (MOs) for UE to measure. Corresponding to each MO, the cell list may be provided to the UE. Power consumption is directly proportional to the number of neighbor cells and neighbor frequencies. Therefore, it is beneficial for UE power saving to reduce the number of neighbor cells and neighbor frequencies. For example, in the serving cell, the UE has to measure all the neighbor cells in different frequencies, such as frequency 1 and frequency 2. If gNB provided the assistant information for UE only to measure part of the neighbor cell with different frequencies, such as frequency 1, UE will reduce power consumption by performing measurements in fewer frequencies. However, the system overhead should be considered for the assistant information provided by gNB.
Proposal 2: Reduction in number of SSBs, neighbor cells and neighbor frequencies for RRM measurements is considered for further study.
Power saving for CSI-RS based RRM measurement 
In RRC_CONNECTED state, RRM measurement for serving cells and neighbor cells is essential to support mobility procedures such as handover, and is performed through SSB or CSI-RS. 
For SSB based measurement, it is only performed within SMTC. To be more specific, NW ensures that UE can find SSBs sent by each cell on a frequency in SSB based SMTC. So UE is not expected to detect SSBs outside the SMTC window, i.e., SSBs are broadcast in a concentrated manner by NW. With a concentrated configuration manner, measurement gap (MG) can be used more efficiently.
Similar to the impact of SSB SMTC on NW, CSI-RS also benefits from a measurement window configuration to restrict the NW with a concentrated configuration manner in one carrier. By increasing the efficiency of measurement gap, power consumption is also reduced. Consider the case of CSI-RS based inter-frequency measurement. UE needs the help of MG to perform inter-frequency measurement. If there is no restriction on the time that CSI-RSs are transmitted on one carrier. Then in the worst case which is depicted in fig.1a, CSI-RSs may uniformly distribute in the time domain. Each CSI-RS to measure will need one independent MG. Then UE has to frequently retune its RF chain to the inter-frequency carrier which is power-consuming. On the other hand, if CSI-RSs on one carrier is configured in a concentrated manner as depicted in fig.1b. Then many CSI-RSs can share the same MG and total number of RF retuning is significantly reduced.
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Figure 1a Demonstration of the uniformly distributed CSI-RS
[image: ]

Figure 1b Demonstration of the concentrated CSI-RS
In summary, in order to reduce power consumption, it is beneficial to constrain the configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner. So we propose:
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 3：Optimization on the configuration of CSI-RS transmission for RRM measurement should be discussed in Rel-16. 
· E.g., Applying constrain on configuration of CSI-RS transmission for RRM on one carrier in a concentrated manner.
RRM measurement reduction by exploiting potential usage of existing RS 
A straightforward way for power saving on RRM measurement is to reduce the number of measurement samples. The reduction of measurement samples lessens the RS density in time domain. However, measurement performance, or accuracy, is proportional to the freq-time density of RS being measured.  Thus there is a tradeoff between UE power consumption and measurement performance when reducing the number of measurement samples.
One way to evaluate this tradeoff is to find scenarios or conditions, where the performance impact due to the decrease of the number of measurement samples can be considered acceptable. Another way is to maintain the performance by improving the accuracy of one measurement sample (i.e. one shot measurement) when the number of measurement samples is reduced.
The improvement of one shot measurement accuracy requires more RSs to be measured, which increases the power consumption for one measurement sample in return. However, if the “additional RS” mentioned here is existing RS which anyway has to be received by UE, there is little extra power consumption for it to be reused for RRM measurement. Thus the purpose of power saving is achieved without sacrificing measurement performance. For example, when PDSCH/PDCCH are scheduled, the corresponding DMRS could be utilized to improve measurement accuracy for the current sample, and measurement for next one or few samples could be skipped. Besides these more “unpredictable” RSs, the same principle of power-performance tradeoff could also be applied to periodic/semi-persistent RSs like CSI-RS/TRS.
Proposal 4: For UE in RRC_CONNECTED state, the potential usage of existing RS for RRM measurement can be studied and evaluated for the purpose of power saving.
Consideration on UL based RRM measurement 
In [2], some attracting benefits of UL based mobility are observed, and one of which is that UL based mobility is better for UE power saving compared to DL based one. Some analysis on UE power saving for UL based measurement is, for example, UL based measurement reduces “ON-time” for scanning compared to DL beam sweeping measurement time; the transmit time of UL RS (e.g. SRS) is generally shorter than that for DL based measurement report; besides, for high frequency deployment based on UDN, a UE sees a lot of TRPs in its vicinity (and each TRP sends multiple beams), the amount of measurement time and the number of DL-based measurements and reports can far exceed that of UL based measurement.
Conclusions
The following observations and proposals are made.
Proposal 1: Study mechanisms to enable adjustable RRM measurement period.
Proposal 2: Reduction in number of SSBs, neighbor cells and neighbor frequencies for RRM measurements is considered for further study.
Proposal 3：Optimization on the configuration of CSI-RS for RRM should be discussed in Rel-16.
Proposal 4: For UE in RRC_CONNECTED state, the potential usage of existing RS for RRM measurement can be studied and evaluated for the purpose of power saving.
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UE has to retune RF chain twice for each CSI-RS in a CSI-RS period
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Measurement Gap

UE only need to retune RF chain twice in each CSI-RS period


