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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.
[bookmark: _GoBack]In this contribution we consider power saving techniques for RRM measurements and provide simulation results. 
Discussion
Adapting RRM measurements 
In RAN1#95 following agreements were made in relation for further studies on power saving for RRM measurement:
	Agreements:
· For intra frequency and/or inter frequency measurement, the following approaches are to be studied for UE power saving in time domain, including impact on mobility performance
· Increasing measurement period
· Reducing number of samples (e.g., OFDM symbols / slots) within a measurement period (e.g., SMTC window)
· Confining RRM measurements within a measurement window and increasing the periodicity of the measurement window for intra frequency and/or inter frequency measurement
· Other approaches are not precluded
· Note: this does not necessarily mean that the techniques studied will have spec impact
Agreements:
To further study the following adaption mechanism of RRM measurement activities for UE power saving:
….. 
· 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) 
· Other mechanisms/approaches are not precluded






Current SMTC configuration and optionally indicating specific SSB locations to measure within the SMTC window can provide UE power saving opportunities when network is using only specific SSB time locations within the SMTC window on a given frequency layer. To further to reduce UE RRM measurement burden and thereby reduce the UE energy consumption, a mechanism where network may signal the UE with information regarding which subset of used SSB locations the UE would need to measure, could be considered. 

Considering the example scenario in Figure 1 where UE is located in the coverage area of a number of SS Blocks from Cell 1 which the may 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][bookmark: _Ref533160804]Figure 1. Example scenario for adapting RRM measurements

To study further study the power saving potential of the mechanism illustrated in the Figure 1 we examine the multi-cell scenario as illustrated in the Figure 2 using a system level simulator. Simulation results on same scenario have been discussed and provided earlier in our RAN4 contribution (R4-1807549). In the presented simulations the UEs are static. 
Following simulation assumptions were used (more detailed parameters are listed in Annex A):
· Macro layout, 7x 4-sector sites, 28 sectors total, wrap-around, 200 m IS
· 90° Sector, 48 SSB beams in a sector  
· SSB beams configured to 3 elevation tiers:
· Tier 1: 12 beams at elevation 
· Tier 2: 13 beams at elevation 
· Tier 3: 23 beams at elevation 
· Static terminals (up to 21 UEs used)
· Simulated time: ~30s
· the colorful ovals represent bore sights of the sector antennas (hexagon grid can be ignored) 
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[bookmark: _Ref533161868]Figure 2. illustration of the simulated scenario and beam configuration of a sector.

In the simulations we examined how many cells and beams per cell UE is able to detect with different number of RX panels. Results are presented in Error! Reference source not found.. UE with 1 RX panel is considered as Omni-UE. The percentages indicate the specific points in the CDF curve (Annex A) and the results are presented as average number of detected cells by different UEs, and average number of detected beams per cell ID . From the results we are able to observe that in the simulated scenario with 48 SSB beams per cell UE is able to detected only a subset of SSBs (e.g. the 90%-tile case with 1 RX panel, the UE is able to detected less than half of the used SSB locations) which would be provide motivation to adapt the RRM measurements by reducing the potential SSB locations to be measuremed. It seems intuitively clear and also visible from figure 1 and 2 that the number of detected beam per cell ID varies depending on UE location, which indicates that some dynamic mechanism could be applied.
[image: ] 	
One approach to reduce the RS signals the UE is required to measure for RRM purposes, is to utilize the UE location in a cell. When UE is located in a specific part of the cell e.g. close to a TRP/gNB UE could activate specific RRM measurement configuration (provided by network) enabling the UE to consider only a subset of potential RS signal locations for RRM measurement. UE location may be determined by network e.g. based on UE beam management/ L3 RRM measurements, e.g. based on current strongest SSB. Location can also be an estimate and depend on e.g. TCI state configuration. Network could configure UE with specific 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.

Proposal 1: Define network mechanisms to enable UE to reduce RRM measurements by configuring UE with a subset of all potential signals for RRM measurements based on spatial condition.


 

Enchancements to S-measure for UE power saving
Considering the following example in Figure 3,  the rough UE location in a cell could be based on beam coverage area. Network and UE itself will likely not have accurate knowledge of the precise UE location in a cell or even within a beam coverage. However, even a rough estimation of geographical boundaries of the UE location, 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 location can be determined to be in a 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 and reducing/selecting the SSB locations to be measured .
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[bookmark: _Ref528845896]Figure 3. 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. 
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[bookmark: _Ref528857760]Figure 4. 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 4. 

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.

[bookmark: _Hlk532994403]On the UE Mobility State
On adapatation mechanism to be futher studied, following agreement was made in RAN1#95:
	Agreements:
To further study the following adaption mechanism of RRM measurement activities for UE power saving:
· 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.,
· subscription, capabilities (e.g. at AS or NAS level), device type
· 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) 
· Other mechanisms/approaches are not precluded





Determining a mobility state, or more specifically determining different mobility states such as low, medium, high or even stationary can be seen as relative metric.
As an example, in case UE is in a cell covering a large area (or where individual 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 being in “high” mobility state. Thus in the mobility state evaluation more factors that just UE speed would need to be considered. From system perspective, especially in beam based deployments, 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 or low mobility state. 
Observation 1: From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity.
Multiple mechanisms to determine UE mobility state has been discussed e.g. network could estimate UE speed using measurements on uplink signals by estimating Doppler, or UE could even determine its speed based on external means i.e. using a positioning system and optionally reporting it to network. However, using such mechanisms seem to hint additional power consumption compared to what could potentially be saved. The end results may be indeed be negative: UE saves power from performing RRM measurements less frequently, but to enable the power saving opportunity on UE side, additional effort is needed to determine the conditions/state for adapting the measurements (or sending signals to enable network to such estimation). 
It would be preferable to use a simple condition for mobility low/stationary mobility state estimation (or in general when UE can be considered to be in state/condition where it can adapt its RRM meaurements). As an example if UE has been under coverage of specific beams for certain period of time, it could be considered by network to be stationary/low mobility UE. In similar manner the UE based condition to enter low mobility state could be based on same mechanism. As an example if UE’s active TCI state for PDCCH does not change for specific time period, it could be allowed to adapt measurements.
Correspondingly, for a moving UE in an area which allows relaxed UE measurement, timer based a approach  prevent that the UE does not apply reduced measurements for a period of time after entering a given cell. This means that only after a given time period after entering a new cell would the UE be allowed to apply relaxed measurements. Such approach would ensure robust mobility for moving UEs while allowing non-moving UEs to perform relaxed measurements.
Observation 2: If UE is under coverage of a specific cell or beam for certain amount of time or certain observed conditions do not change for a predefined time, the UE could be condidered to be in stationary/low mobility state.
Proposal 5: Consider time associated with a given condition when determining UE mobility state. 
Of course determining that UE has entered to low mobility state is only one half of the equation. In addition to determining that UE has entered low mobility state (or when UE can consider itself being in low/stationary state), it should be possible to determine in robust manner that UE has ceased to be in ‘low mobility’ state. 
If UE is allowed to adapt its RRM measurements based on mobility state, and there is no or very little data activity (prerequisite for RRM measurements to provide power saving gains), it may take a long time before network could identify that UE has ‘changed the mobility state’. If UE consideres itself to be in low mobility state and maintains reduced measurement activity, but has actually e.g. started to move, there could be negative implications to mobility (and also beam management) performance due to e.g. delays in measurements.
Observation 3: Robust, UE autonomous mechanism, is needed to determine when UE should change back to normal measurement activity if UE has adapted its activity based on ‘mobility’ state.
This “exit” condition should be defined at least for case when UE is autonomously determining the conditions when it can adapt the RRM measurements. It could be also beneficial to determine such conditions e.g. when network has triggered UE RRM measurement adapatation based on specific condition. 
Proposal 6: If mobility state based UE measurement activity adaptation is supported, there should be robust mechanism enabling returning to normal measurement activity in order to avoid negative system impacts. 

On Reducing the Number of Measurement Samples
In field deployments the network will already be able to control the UE measurement burden by configuring the UE with SMTC suitable for the given deployment scenario. I.e. the network will have knowledge about the cell sizes and the assumed standard velocity of UE’s in the area. Therefore, the network will be able to estimate a suitable SMTC for the UE’s conditions in the area. Such suitable SMTC would be ensuring that a UE performing measurement according to the defined minimum requirements, will be measuring and reporting to the network in a timely manner such mobility robustness is ensured.
Adjusting the SMTC according to the deployment will set the baseline measurement activity on the UE side, ensuring robust mobility. This would mean that UE’s which are not moving could potentially perform more measurements than absolutely necessary. This can be addressed in different ways as discussed in earlier section.
In RAN1#95 following observation was made:
	Agreements:
· Observation: for certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.



The current 38.133 specifications does not specify the actual number of measurements samples the UE shall perform within a given time (e.g. measurement period). 38.133 defines the UE minimum measurement accuracy requirements that needs to be fulfilled by the UE. This leaves certain implementation flexibility on the UE side e.g. to relax the measurements in good channel conditions. Of course the side condition is that  the UE can perform less measurements (= less samples) only while it is still fulfilling the minimum measurement accuracy requirements.
Observation 4: There is no requirement for the number of samples to be used per RSRP measurement, only the measurement accuracy requirement is defined.
A general conditionless reduction in the number of measurement samples performed on UE side, will impact UE measurement performance in general. Therefore, any such generic measurement sampling reduction should not be done without RAN4 consideration.
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 and proposse:-
Proposal 1: Define network mechanisms to enable UE to reduce RRM measurements by configuring UE with a subset of all potential signals for RRM measurements based on spatial condition.

Option to achieve further power saving via S-measure is considered in Section 2.1.2 and it is observed and  proposed as follows:-
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 and propose as follows:-
Observation 1: From system perspective, the mobility state is determined by the change in serving RS/signal, rather than UE velocity.
Observation 2: If UE is under coverage of a specific cell or beam for certain amount of time or certain observed conditions do not change for a predefined time, the UE could be condidered to be in stationary/low mobility state.
Proposal 5: Consider time associated with a given condition when determining UE mobility state. 
Observation 3: Robust, UE autonomous mechanism, is needed to determine when UE should change back to normal measurement activity if UE has adapted its activity based on ‘mobility’ state.
Proposal 6: If mobility state based UE measurement activity adaptation is supported, there should be robust mechanism enabling returning to normal measurement activity in order to avoid negative system impacts. 

In section 2.1.6 we considered the adaptation of measurement samples (in a measurement period) and made following observation:-
Observation 4: There is no requirement for the number of samples to be used per RSRP measurement, only the measurement accuracy requirement is defined.
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Annex . A Simultion Assumptions and Results
Simulation Parameters
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Simulation Results
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Figure 5. CDF of number of detected cells and beams per cell ID with different number of UE RX panels
image3.png
beams

48
48
48

Rx
panels

Number of detectable cells Number of detectable beams per
cell ID

20% 50% 80% 20% 50% 90%
34 4.8 6.5 1 5 19
5.3 7.0 8.7 1.5 6 22
6.5 8.2 10.0 1.5 7 23




image4.emf
I. Elevation View

SSB/CSI-RS beams

C

e

l

l

 

R

a

d

i

u

s

SSB/CSI-RS beams

Cell Radius

II. Top view of a cell

A   B  C

A

 

 

B  

C


image5.png




image6.emf
Parameter  Value  

Duplexing  TDD, 9DL + 1UL radio frame (uplink not simulated)  

Bandwidth  40 MHz on 30 GHz band, 14 RBs  

DL Tx power  43 dBm, s caled down to 40 dBm due to 40 MHz BW (instead of 80 MHz)  

BS antennas  12 x 16 vertical pol. elements (192 elems total) , 0.5 λ   h/v spacing, 25 m height, 1 panel  

BS noise figure  9 dB  

UE antennas  1 panel of 1 “plus” element (2 elems total), omni antenna, 1.5m height  

 2, 4 panels of 1 “plus” element each, oriented at 0° and 180° (2 panels) and 0°:90° :270° (4 panels)  

UE noise figure  13 dB  

Shadowing  spatially correlated, std. 4 dB (LOS), 6 dB (nLOS)  

Path loss  UMa (TR 38.900), LOS/nLOS, all terminals outdoors (no penetration loss)  

Channel model  3GPP_5G (TR 38.900)  

Initial cell selection  identification: RSRP + Es/IoT,  RSRP thr:  - 87.4 dBm ,   Es/IoT thr:  - 6 dB; selection: RSRP_FF  

Grid of Tx beams  48 beams : 3 elevation angles, see next  

BS ant. rad. pattern  TR 36.814, horiz. bw: 65°, vert. bw: 65°, 8 dBi gain  

SC spacing  240 kHz , 2.88 MHz per RB, 12 subcarriers/RB , 16 TTIs in 1 ms (14 symbols per TTI)  

UE mobility  static terminals  
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