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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2#105 meeting, RAN2 starts the first discussion on UE power saving study in NR. For power consumption reduction in RRM measurement, we agreed:
	Agreements 
1	RAN2 to evaluate the feasibility to relax the serving and neighbour cell measurements for NR UE.   RAN2 should consider the mobility related aspects when studying the feasibility of relaxing measurements


In this contribution, we would like discuss reduction in RRM measurement with beam info.
Discussion
1.1. L3 beam measurement in Connected
During email discussion [105#56] on RRM related aspects for power saving [1], L3 beam measurements in connected mode is discussed.
1) Reporting for L3 beam measurement results
Based on the following descriptions on reporting of beam measurement information, the UE only includes the best beam or the best beam with other beams whose sorting quantity is above absThreshSS-BlocksConsolidation (or absThreshCSI-RS-Consolidation). In addition, whether L3 beam index and/or L3 beam measurements are included in measurement report can be configured by the network. maxNrofRS-IndexesToReport SS/PBCH block indexes or CSI-RS indexes can also be configured by the network to control the max number of beam measurement reporting. Hence, the reporting overhead for L3 beam measurement results has already been considered and can be controlled by network.
	[bookmark: _Toc535261303]5.5.5.2	Reporting of beam measurement information
For beam measurement information to be included in a measurement report the UE shall:
---------------------------------------------------skip irrelevant text--------------------------------------------------------------
1>	set rsIndexResults to include up to maxNrofRS-IndexesToReport SS/PBCH block indexes or CSI-RS indexes in order of decreasing sorting quantity as follows:
2>	if the measurement information to be included is based on SS/PBCH block:
3>	include within resultsSSB-Indexes the index associated to the best beam for that SS/PBCH block sorting quantity and if absThreshSS-BlocksConsolidation is included in the VarMeasConfig for the measObject associated to the cell for which beams are to be reported, the remaining beams whose sorting quantity is above absThreshSS-BlocksConsolidation;
3>	if includeBeamMeasurements is configured, include the SS/PBCH based measurement results for the quantities in reportQuantityRS-Indexes set to true for each SS/PBCH block index;
2>	else if the beam measurement information to be included is based on CSI-RS:
3>	include within resultsCSI-RS-Indexes the index associated to the best beam for that CSI-RS sorting quantity and, if absThreshCSI-RS-Consolidation is included in the VarMeasConfig for the measObject associated to the cell for which beams are to be reported, the remaining beams whose sorting quantity is above absThreshCSI-RS-Consolidation;
3> if includeBeamMeasurements is configured, include the CSI-RS based measurement results for the quantities in reportQuantityRS-Indexes set to true for each CSI-RS index.


2) Performing L3 beam filtering
Based on the following procedure of performing measurements, UEs would perform L3 beam filtering for neighbour cell even if the neighbour cell’s quality is poor and measurement report would never been triggered. 
	[bookmark: _Toc535261287]5.5.3.1	General
---------------------------------------------------skip irrelevant text--------------------------------------------------------------
2>	if the reportType for the associated reportConfig is periodical or eventTriggered:
---------------------------------------------------skip irrelevant text--------------------------------------------------------------
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 filtered beam measurements only based on CSI-RS for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
6>	derive cell measurement results based on CSI-RS for the trigger quantity and each measurement quantity indicated in reportQuantityCell using parameters from the associated measObject, as described in 5.5.3.3;
5>	if the measObject is associated to NR and the rsType is set to ssb:
6>	if reportQuantityRS-Indexes and maxNrofRS-IndexesToReport for the associated reportConfig are configured:
7>	derive layer 3 beam measurements only based on SS/PBCH block for each measurement quantity indicated in reportQuantityRS-Indexes, as described in 5.5.3.3a;
---------------------------------------------------skip irrelevant text--------------------------------------------------------------
sed rements are included in measurement report can be configured by the network.  services WI in SA2. urement configuration for



Figure 1 is NR RRM measurement model. Assume the network configures MO1 to a UE which is linked to A3 event with beam info reporting. The UE detects neighbor cell 1 on MO1. The UE performs L3 beam filtering of cell 1 (i.e. E in figure 1 is performed) as beam info reporting is required. However, measurement results of cell 1 are not good enough to meet the entering condition of configured A3 event, i.e. beam selection for reporting function and F in figure 1 are not performing for beams of cell 1. Unnecessary or useless L3 beam filtering for cell 1 is performed.


Figure 1 Measurement Model
However, whether useless L3 beam filtering would introduce a heavy overhead is depended on UE. If UE thinks useless L3 beam filtering need to be avoided, a simple solution is preferred. 
Measurement reporting procedure would be initiated after measurement results of one cell meet the entry condition of one event during timeToTrigger.  During the period (timeToTrigger), UE can perform L3 beam filtering for measurement reporting, i.e.  L3 beam filtering of neighbor cell starts when the cell level measurement results of the neighbor cell meet the entry condition of one event. For example:  In time T1, the UE detects neighbor cell 1. No L3 beam filtering of cell 1 is performed at this moment as measurement results of cell 1 are not good enough. In time T2, measurement results of cell 1 meets the entry condition of A3 event. At this moment, the UE starts L3 beam filtering of cell 1. During the period (timeToTrigger), if measurement results of cell 1 still meet the entry condition of A3 event, the UE continues L3 beam filtering of cell 1 and includes L3 beam results of cell 3 in measurement report. With the solution, useless L3 beam filtering can be avoided.
Proposal 1: RAN2 discusses whether useless L3 beam filtering in connected mode needs to be avoided.
1.2. Reduction of serving cell measurement
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK565][bookmark: OLE_LINK566]During idle/inactive mode, UEs would choose not to perform NR intra-frequency measurements if the serving cell fulfills Srxlev > SIntraSearchP and Squal > SIntraSearchQ. And UEs would choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells with equal or lower priority, if the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. Considering UEs always perform RRM measurements on the serving cell, it is considerable to reduce the UE power consumption on serving cell measurement.
Different from LTE, NR operates with beam sweeping. With beam sweeping for RS (i.e. SSB/PBCH block or CSI-RS), a cell can be divided into several parts. As shown in figure 2, a beam sweeping is consisted with 8 beams, and different beams distribute in different parts of a cell. For a UE in location A, the UE only needs to try to measure beam 0, beam 1and beam 2. And for a UE in location B, the UE only needs to try to measure beam 2, beam 6 and beam 7. 
For idle/inactive UEs camp in a NR cell, the UE can have good knowledge of each SSB/PBCH block with different SSB index, including the time domain of each SSB/PBCH block. Hence, for one serving cell measurement, if a UE can be aware of the proximity relationship of SSB/PBCH block(s), the UE can skip detection or measurement on some SSB/PBCH block(s) based on the first available detected or measured SSB/PBCH block. For example, if the UE detects beam 6 of serving cell in figure 2, then the UE only needs to try to measure beam 2, beam 5 and beam 7 for serving cell measurement. As the UE skips detection or measurement on beam 0, beam 1, beam 3 and beam 4, the UE power consumption for serving cell measurement can be reduced.
Proposal 2: Consider to reduce UE power consumption on serving cell measurement based on serving beam info.


Figure 2 Beam Distribution in a cell
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]In this contribution, we analyze L3 beam measurement in connected mode, and discuss how to reduce the UE power consumption on serving cell measurement. We propose:
Proposal 1: RAN2 discusses whether useless L3 beam filtering in connected mode needs to be avoided.
Proposal 2: Consider to reduce UE power consumption on serving cell measurement based on serving beam info.
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