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Introduction
[bookmark: _Hlk510705081]RAN1 has agreed to study techniques to reduce UE power consumption [1]. In one aspect of the study the UE power consumption reduction techniques with respect to the RRM measurements. Currently NR Rel15 baseline defines set of features for relaxing the UE RRM measurements. Regarding the RRM emasurements, the SID description indicated to study techniques to reduce UE power consumption for RRM measurements.
In context of RRM, following agreements were made in RAN1#94bis [2]:
	Agreements:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.

Agreements:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
· Relaxing/adapting the number of RRM measurements in time domain for serving cell and neighbor cells based on certain conditions, e.g., number of SSB/CSI-RS/measurement occasions.
· Relaxing/adapting the number of measured cells/frequencies for neighbor cells based on different conditions 
· Schemes considered should disclose the mechanism used to determine the mobility/speed assumed
· FFS conditions, e.g., channel condition, UE location, UE speed, measurement configuration, measurement results, cell type, etc.
· FFS impact on measurement/mobility performance
· Relaxed/adapting measurement report (if any)
· Other solutions are not precluded.

Agreements:
· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 
· The schemes proposed should at least include the following aspects:
· The signals/channels used as additional resource
· Procedure on how to use additional resources.
· Overhead from network perspective should be considered.




In this document we consider power saving techniques according to the above agremeents and propose mechanisms to be studied further.
Discussion
Adapting RRM measurements 
For SS Block based mobility measurements, UE measurement behaviour can be controlled by network by configuration SMTC window. As stated in 38.331, UE is not required to measure SS Blocks outside the SMTC window. This reducues the UE RRM measurements since SMTC window can be configured to cover only subset of SS Block time locations.
Moreover, network can indicate in SMTC configuration the time locations of the SS blocks to be measured on a given frequency layer (38.331 ssb-ToMeasure), providing in practise UE with assistance information to determine the time domain resources for SSB based RRM measurements. UE is not required to measure SS-RSRP/RSRQ on the locations not indicated by the network. In case the SMTC configuration is absent, UE would need by default to measure all SS Block time locations.   
Observation 1: SMTC window configuration can provide power saving opportunities for UE. 
As observed, the current SMTC configuration and optionally indicating specific SSB locations to measure within the window can provide UE opportunities for power saving when network is using only specific SSB time locations on a frequency layer. To further to reduce UE RRM measurement and therefor UE energy consumption it could be to consider mechanism where network can signal UE with only subset of used SSB locations to be measured. 


One way to reduce the signals UE is required to measure for RRM purposes is to utilize UE location in a cell. When UE is located in a specific part of the cell e.g. close to a TRP/gNB it could activate specific RRM measurement configuration (provided by network) where it may consider only subset of configured signals for RRM measurement. UE location may be determined by network e.g. based on UE beam management/ L3 RRM measurements. Location can also be an estimate and conditional to e.g. TCI state configuration. Network could configure UE with spefic conditions when a configuration to adapt RRM measurements would be enabled. Condition may be e.g. based on estimated location, UE staying in specific geographical boundaries. Similar mechanisms could be also studied further for CSI-RS based RRM measurements.

Considering the example scenario in Figure 1 where UE is located in the coverage area of specific SS Blocks in Cell 1 it may necessary to measure . In addition considering further the neighbor cell SSB measurements (or RRM measumrents on a frequency layer in general) such as Cell 2 it may not be necessary for UE to measure on all SSB time locations (e.g. indicated by SSB-toMeasure). As an example the UE measurement could be limited to SSB time locations indicated by the green colour. This subset could be configured by network.
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[bookmark: _Ref528843357]Figure 1. Example scenario for adapting RRM measurements


Proposal 1: Study further the mechanisms by network to enable UE to adapt (to reduce) RRM measurements by indicating a subset of configured signals for RRM measurements.

 

Enchancements to S-measure for UE power saving

Similar as in LTE, UE can be configured with S-measure, an RSRP threshold value used for determining whether UE is required to perform evaluation for RRC level measurement reporting events for non-serving cells. When configured with s-measure and the cell quality is measured to be less than a threshold after L3 filtering, UE shall perform evaluation for reporting events. When the cell quality is higher UE is not required to evaluate event i.e. it is not required to perform measurements for RRC level events for non-serving cells. As a different to LTE, in NR the cell quality can be derived and determined either using SSB or CSI-RS measurements, NR release 15 specifies the s-measure configuration option for both types of reference signals. 
4> if s-MeasureConfig is set to ssb-RSRP and the NR SpCell RSRP based on SS/PBCH block, after layer 3 filtering, is lower than ssb-RSRP, or ​
4> if s-MeasureConfig is set to csi-RSRP and the NR SpCell RSRP based on CSI-RS, after layer 3 filtering, is lower than csi-RSRP: ​
[bookmark: _Ref525903241]Observation 2: In connected mode, S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition. 
[bookmark: _GoBack]When considering the following example in Figure 2 considering the rough UE location in a cell based on beam coverage area. Network or (UE itself may) not have knowledge of precise location UE where it is in a cell but even rough estimation of geographical boundaries where UE is could enable possibility for energy saving for RRM measurements. One way to adapt RRM measurement configuration would be to adapt S-measure threshold in case UE can be determined in specific location of the cell. In a case where UE is located closer to cell centre (area A) the S-measure could be considered to be a lower value than when UE would be located at cell edge (area C) i.e. it may not be useful for UE to start evaluating non-serving cells when the cell quality is below the S-measure threshold if the same threshold is used throughout the cell. Furthermore this may be considered together with UE mobility state.

[image: ]
[bookmark: _Ref528845896]Figure 2. Illustrating beam configuration of a cell with multiple elevation tiers.

Proposal 2: Consider adapting RRM measurements by adapting the S-measure threshold based on UE specific conditions i.e. based signal measurements, UE mobility state, UE location in the cell for UE power saving. 


Panel Specific Aspects of UE RRM measurements 


Although the RRM measurement periods are relaxed in the DRX mode (38.133), further energy saving potential could be identified, when UE mobility state can be estimated or considered to be low or stationary or in a condition where frequent RRM measurements would not be beneficial. When UE is using RX beamforming, the antenna panels may consume considerable amount of energy when they need to be activated for RRM measurements although in specific cases UE could opportunistically perform less measurements without compromising mobility performance. 


[image: ]
[bookmark: _Ref528857760]Figure 3. Illustration of UE with 4 panels /beams used for RRM meausurements

As one way to reduce RRM measurements, conditions and mechanisms to allow panel/beam specific adaptation of RRM measurements. Network could indicate UE the panel specific scaling factor which allows UE to further relax measurements (i.e. scale the measurement period for SSB or CSI-RS based RRM measurements) in panel specific manner, when UE is determined to be in low or stationary mobility condition or when UE is within some geographical boundaries. The panel specific adaptation could be applied for all panels, or subset of panels. Although the UE RRM measurements are already scaled in DRX, additional scaling could be applied in panel specific manner as in example Figure 3. 

Proposal 3: Consider UE panel specific aspects for adapting RRM measurements for power saving.


Relation of SSB and CSI-RS measurements

Considering the relation of SS/PBCH block and Mobility CSI-RS in context of RRM measurements, in release-15 following condition for measuring CSI-RS was specified and captured in 38.214 as follows:

If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the cellId of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource.


When the CSI-RS are configured with association to specific SS/PBCH block, UE is not required to measure configured CSI-RS if the associated SS/PBCH block is not detected. This provides already some opportunities for power saving as UE can determine the CSI-RS measurements conditionally. 
This aspect could be further studied for energy saving purposes i.e. when UE would perform SSB based measurements and when it would perform CSI-RS based measurements for L3 mobility. This condition could be determined e.g. based on network configured signal quality threshold. Mechanism could be considered for both associated and non-associated case. 

[bookmark: _Ref525903250]Proposal 4: Study further the power saving potential of reducing conditionally Mobility CSI-RS measurements with and without association to SS/PBCH blocks.

On the UE Mobility State
Determining a mobility state more specifically determining different mobility states such as low, medium, high or even stationary can be seen as relative metric.
In case UE is a cell covering a large area (or where invididual beams of a cell cover large geographical area), an UE moving with 10 km/h speed could be considered from system perspective to be in “low” mobility state, where as in a cell covering small area (e.g. indoor hotspot), an UE moving with 3 km/h speed could be considered as “high”. Thus in the mobility state evaluation more factors that just UE speed would need to be considered. From system perspective, especially in beam based deployements, the “mobility speed” is determined more by the change in serving RS/signal (e.g. SSB or cell ID). I.e. regardless of the UE velocity, if the UE stays under the coverage area of given cell or SSB, it would be in mobility sense stationary. 
Observation 3: From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity.

Conclusion
In this contribution we have discussed the possible mechanism to preserve the UE power by reducing the required RRM measurement activity. 
In Section 2.1.1 we consider the SMTC based mechanism of Rel-15 to reduce RRM measurement activity, and possibilities to further RRM measurement activity reduction:-
Observation 1: SMTC window configuration can provide power saving opportunities for UE. 
Proposal 1: Study further the mechanisms by network to enable UE to adapt (to reduce) RRM measurements by indicating a subset of configured signals for RRM measurements.

Option to achieve further power saving via S-measure is considered in Section 2.1.2 and it is observed and  proposed as follows:-
Observation 2: In connected mode, S-measure can be configured for UE to reduce RRM measurements when the current serving cell is in good condition. 
Proposal 2: Consider adapting RRM measurements by adapting the S-measure threshold based on UE specific conditions i.e. based signal measurements, UE mobility state, UE location in the cell for UE power saving. 

Considering the mechanism to reduce the power consumption by UE RX panel activity, it is proposed in Section 2.1.3:
Proposal 3: Consider UE panel specific aspects for adapting RRM measurements for power saving.
For CSI-RS based mobility measurements related reduction it is proposed in Section 2.1.4:-
Proposal 4: Study further the power saving potential of reducing conditionally Mobility CSI-RS measurements with and without association to SS/PBCH blocks.

In section 2.1.5 we discussed the mobility state from system perspecetive and observe as follows:-
Observation 3: From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity.
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