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1. Introduction

The UE power saving study item has been completed with RRM measurement relaxation. Conclusions and evaluation results were captured in the TR 38.840 [1]. In RAN #84, an update WID on NR UE power saving was approved [2] with the following objectives for RRM:

5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]

a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].

i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 

In RAN2#107 meeting, the triggering criteria was discussed and the following agreements have been made:

Agreements 

1. Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge). 
2. UE may activate relaxed measurement criteria if at least any of the following conditions are met:
a) Serving Cell measurement does not change more than a relative threshold during a time period
-  LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 
b) UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold

FFS: Whether neighbour cell RSRP should also be considered.

In this contribution, we will discuss the detailed solutions for UE RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing number of cells/carriers to be measured.
2. Discussion
In RAN2#107 meeting, it was agreed that UE may activate relaxed measurement criteria of:

· Criteria a: Stationary/Low mobility, i.e. Serving Cell measurement does not change more than a relative threshold during a time period. 

· Criteria b: Not at a cell edge, i.e. serving cell/beam RSRP/RSRQ/SINR is above a threshold.
Detailed solutions for the criteria are discussed in [3]. Here, we will discuss how to perform three dimensions of RRM measurement relaxation based on the defined criteria. 
2.1. RRM relaxation in time domain
In RRC_IDLE/RRC_INACTIVE mode, the UE perform cell selection/reselection based on RRM measurement. In order to reduce some measurement, network can configure a set of RRM relaxation criteria configurations for power saving. The network can indicate the RRM relaxation in time domain, e.g. the UE is allowed to measure in a longer measurement period (every N*DRX cycle). 
In NR TS 38.304, S-measure mechanism is introduced to control the measurement on neighboring cell as below:

5.2.4.2
Measurement rules for cell re-selection

Following rules are used by the UE to limit needed measurements:

-
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.

-
Otherwise, the UE shall perform intra-frequency measurements.
For criteria a, when the UE determines the stationary/low mobility state, i.e. serving cell measurement does not change more than a relative threshold during a time period, RRM measurement with a longer measurement period and/or a relaxed measurement sample requirement should be performed by UE. 
Proposal 1: When serving cell measurement does not change more than a relative threshold during a time period, the UE will choose to relax intra/inter-frequency RRM measurement with a longer measurement period.
For criteria b, besides for the above S-measure threshold, there can be another relaxation threshold(s) to control RRM measurement relaxation. In general, relaxation threshold is smaller than S-measure threshold. The following figure gives illustration between S-measure threshold and relaxation threshold.
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Figure 1 Relaxation threshold

When a UE’s RSRP/RSRQ of serving cell is larger than S-measure threshold, the UE is not required to perform intra/inter-frequency measurement. When a UE’s RSRP/RSRQ of serving cell is smaller than S-measure threshold, RRM measurement for neighbouring cell should be performed. Since intra-frequency measurement and inter-frequency measurement have separate S-measure thresholds, the corresponding intra-frequency measurement relaxation and inter-frequency measurement relaxation can also have separate thresholds. When a UE’s RSRP/RSRQ of serving cell lies between S-measure threshold and relaxation threshold, i.e. smaller than S-measure threshold and larger than relaxation threshold, the UE may choose to relax intra/inter-frequency measurement. Once its RSRP/RSRQ of serving cell is smaller than relaxation threshold, the UE shall perform legacy intra/inter-frequency measurements.
Besides, as RAN4 is also the leading WG for this objective, the detailed relaxation of requirements should be discussed in RAN4. 

Proposal 2: When serving cell’s RSRP/RSRQ is higher than the configured relaxation threshold, the UE will choose to relax intra/inter-frequency RRM measurement with a longer measurement period.
Observation 1: Detailed requirements for relaxed RRM measurement in time domain should be further studied in RAN4. 
Furthermore, like current handover procedure and measurement mechanism for mobility, Ping-Pong issue also exists in RRM measurement relaxation procedure, i.e. Ping-Pong switch between a sparse measurement state and an intensive measurement state. Ping-Pong issue may increase UE measurement state switching frequency and UE may not obtain link quality update results in time. In order to avoid unexpected Ping-Pong effect, a TTT (Time-To-Trigger) can be introduced to delay the transition from an intensive measurement state to a sparse measurement state by a period time. On the contrary, there is no need a TTT for a transition from a sparse measurement state to an intensive measurement because more measurement results are useful for UE link quality judgement.
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Figure 2 TTT mechanism for RRM relaxation 

Proposal 3:  A TTT mechanism can be considered for Ping-Pong reduction, which is used to delay the transition from an intensive measurement state to a sparse measurement state by a period time.
2.2. Measured neighboring cell number reduction

For reduced number of measured cell, it is investigated in the study item [2],

· For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, the followings are observed from simulation results, 

· By assuming number of neighboring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.

· In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown. 

· The corresponding performance impact was not reported and summarized

By limiting the processing for measurement within a constrained time period and/or with reduced complexity, it can be observed the power saving gain is huge (26.43% - 37.5%). The following provides detailed mechanism on how to support reduced number of measured cell for intra-frequency measurement. 

Observation 2: The RRM measurement relaxation by reducing neighboring cell number shows significant power saving gain. 
Current mechanism to reduce the measured neighboring cell number in LTE and NR is S-measure mechanism as above. For some UE with low mobility or stationary state, current S-measure is not enough, since the UE anyway needs to measure all neighboring cells to check whether S-measure condition is satisfied. Considering the receiver sensitivity, not all UEs can observe 8 cells. One example when assuming minimum received power is -123dBm and SIntraSearchP is -90.5dBm (typical value), almost 70% of UEs can detect more than 4 cells based on our simulation, as shown below. 
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Figure 1. The distribution of number of detectable cells for UEs in dense urban scenario
(The number of detectable cells includes serving cell)

All the detected cells may have quite different quality. Thus, it is not so necessary to always measure all the detectable cells. 

From system-level perspective, the power saving gain is calculated by averaging all the UEs power consumption. Compared to full intra-frequency measurement, Figure 2 shows the appropriate [image: image5.png]s@
-



 is around -110 ~ -102dBm, when SIntraSearchP =-90.5dB. And by such configuration, the average power saving gain is more than 20%, and there are 70% UEs which can actually reduce the number of cells from more than 8 cells to 4 cells, in dense urban single layer.
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Figure 2. Power saving gain when reducing 8-cells to 4-cells

For criteria a, when the UE determines the stationary/low mobility state, i.e. serving cell measurement does not change more than a relative threshold during a time period, the UE can perform the reduced RRM measurement with less neighboring cell numbers. 
Proposal 4: When serving cell measurement does not change more than a relative threshold during a time period, the UE can perform the reduced RRM measurement with less neighboring cell numbers if the measurement result is lower than S-measure threshold. 
For criteria b, another relaxation threshold(s) to control RRM measurement relaxation can be introduced similarly to enhance the S-measure mechanism, which can be used to control the measurement for one cell or a cell group. 
For example, a second threshold [image: image8.png]s@
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 is introduced, such that UE can perform intra-frequency measurements according to Srxlev values as shown in the following figure. When the measurement result is higher than the original threshold SIntraSearchP, the UE will not measure the neighboring cells. When the measurement results is lower than the threshold SIntraSearchP, but higher than the second threshold, the UE can perform the reduced RRM measurement with less neighboring cell numbers. When the measurement results of serving or neighboring cell is lower than the second threshold, the UE should perform the RRM measurement for all neighboring cells as legacy. In this way, the UE can reduce the cell number to be measured in idle/inactive mode. Similar mechanism is also applied to connected mode. 
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Figure 3 Enhancement for S-measure
Proposal 5: When serving cell’s RSRP/RSRQ is higher than the configured relaxation threshold, the UE can perform the reduced RRM measurement with less neighboring cell numbers.

Observation 3: Detailed requirements for relaxed RRM measurement with less neighboring cell numbers should be further studied in RAN4, if any. 
2.3. RRM relaxation for inter-frequency measurement
In legacy mechanism in LTE and NR, when the RSRP for the serving cell is below the S-measure threshold for inter-frequency, as above. Inter-frequency measurement should be performed for cell reselection in RRC_IDLE/ RRC_INACTIVE mode. In current inter-frequency RRM measurement framework, if all the carriers in the same band are informed by system information, the UE has to measure all the carriers for cell reselection. 
While in some real deployment scenarios, multiple intra-band frequencies are co-site deployed. For the intra-band carriers co-site deployed, similar propagation condition can be assumed. Accordingly, similar path loss for all carriers in the same band can be achieved. Thus, the UE will have similar measurement results for all intra-band carriers, e.g. RSRP. From network point of view, it can be assumed that the measurement on some carrier can represent the measurement of corresponding band.
Observation 4: Similar measurement for intra-band carriers can be achieved due to similar propagation condition.
In this case, network can configure the RRM relaxation by reducing number of carriers to save some unnecessary measurement for some of carriers in the same band. More specific, some indication can be provided by the network to indication an anchor carrier. The measurement results of this anchor carrier can be used as the measurement of this band. For this indication, it can be configured based on the operator’s deployment. 
Moreover, RAN4 is also the leading WG for this objective. Thus, RAN4 input is also required on the mechanism details enabled to reduce the measured carrier for intra-band deployment, if any.
Proposal 6: Network can configure “anchor” carrier(s), whose measurement results can represent the measurement of this co-site band deployment, e.g. in system information.
Proposal 7: UE performs inter-frequency RRM measurement on the configured “anchor” carrier(s), and performs cell reselection in this band according to the measurement results. 
Observation 5: Detailed requirements for relaxed RRM measurement with less carrier number for inter-frequency measurement should be further studied in RAN4, if any. 
According to the above observations 1, 3, 5, some detailed requirements for relaxed RRM measurement in time domain, with less neighboring cell / carrier numbers may need further discussion in RAN4. Thus, an LS should be sent to RAN4. 
Proposal 8: An LS should be sent to RAN4 for any discussion on further requirements for relaxed RRM measurement in time domain, with less neighboring cell / carrier numbers, if any. 
3. Conclusion

In this contribution, we discuss the UE power consumption reduction for RRM measurement relaxation. Based on the discussion, we have the following observations and proposals:
Observation 1: Detailed requirements for relaxed RRM measurement in time domain should be further studied in RAN4. 
Observation 2: The RRM measurement relaxation by reducing neighboring cell number shows significant power saving gain. 
Observation 3: Detailed requirements for relaxed RRM measurement with less neighboring cell numbers should be further studied in RAN4, if any. 
Observation 4: Similar measurement for intra-band carriers can be achieved due to similar propagation condition.
Observation 5: Detailed requirements for relaxed RRM measurement with less carrier number for inter-frequency measurement should be further studied in RAN4, if any. 
Proposal 1: When serving cell measurement does not change more than a relative threshold during a time period, the UE will choose to relax intra/inter-frequency RRM measurement with a longer measurement period.
Proposal 2: When serving cell’s RSRP/RSRQ is higher than the configured relaxation threshold, the UE will choose to relax intra/inter-frequency RRM measurement with a longer measurement period.
Proposal 3:  A TTT mechanism can be considered for Ping-Pong reduction, which is used to delay the transition from an intensive measurement state to a sparse measurement state by a period time.
Proposal 4: When serving cell measurement does not change more than a relative threshold during a time period, the UE can perform the reduced RRM measurement with less neighboring cell numbers if the measurement result is lower than S-measure threshold. 
Proposal 5: When serving cell’s RSRP/RSRQ is higher than the configured relaxation threshold, the UE can perform the reduced RRM measurement with less neighboring cell numbers.

Proposal 6: Network can configure “anchor” carrier(s), whose measurement results can represent the measurement of this co-site band deployment, e.g. in system information.

Proposal 7: UE performs inter-frequency RRM measurement on the configured “anchor” carrier(s), and performs cell reselection in this band according to the measurement results. 

Proposal 8: An LS should be sent to RAN4 for any discussion on further requirements for relaxed RRM measurement in time domain, with less neighboring cell / carrier numbers, if any. 
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