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1 Introduction
The RRM impact and requirements for UE power saving work item was discussed at previous RAN4 meeting and following agreements were made:
	· The following options should be considered for RRM measurement relaxation if the measurement relaxation criteria defined in RAN2 are met in next meeting:

Option1: RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of carriers to be measured;

Option2: RRM measurement relaxation of neighbour cell monitoring in LTE MTC/NB-IoT can be reused for defining the RRM requirements for UE power saving in NR

Other option is not precluded.




In this contribution we discuss the different options by taking into account the agreements in other working groups and provide our view. 
2 Discussions 
2.1 Scope

According to the WI objective in [1], the RAN4 objective targets RRM measurement for neighbour cells in RRC_IDLE/INACTIVE states. This means, no impact to existing serving cell measurement requirements in RRC_IDLE/INACTIVE states and no impact to any of the RRC_CONNECTED state requirements.
· Observation: No impact to existing serving cell requirements in IDLE/INACTIVE/CONNECTED states and no impact to neighbour cell requirements in CONNECTED state. 
2.2 RRM requirements
2.2.1 RAN2 agreements

RAN2 has reached following agreements for the NR RRM measurement relaxation procedures:
	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.

…………………..
1. Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both) 

2. Cell-edge criteria will not consider neighbour cell measurements


2.2.2 Discussions on RRM requirements
Firstly, given the limited remaining time left in the WI, RAN4 shall focus on developing the RRM requirements only for the criteria agreed in RAN2 which are for two types of UEs:

· Low mobility UEs
· Cell-edge UEs
The detailed criteria, which includes the triggering conditions based on signal strength and quality measurements are currently under RAN2 discussions which makes it quite difficult to proceed in RAN4. 
The RAN4 RRM impact depends on following:
· Type of measurements are relaxed
· The type of measurements to be relaxed is being discussed in RAN2. In our view and understanding, the measurement relaxation considered in the WI should be the existing averaged neighbour cell measurements such as SS-RSRP, SS-RSRQ. Since this triggering conditions are decided by RAN2, it is proposed that RAN4 waits for further RAN2 progress.  
· Number of carriers to be measured
· In [1], one of the options to be considered is to reduce the number of carriers to be measured. But this is already configurable, and the NW has the flexibility to configure the carriers differently for different deployment scenarios. Moreover, since the existing measurement requirements are scaled with the number carriers monitored, the effective power consumption due to measurements for a given carrier remains the same. Hence, the gain of limiting the number of carriers to be monitored is limited. 
Another option that was discussed in [2] is related to having a carrier based inter-frequency search thresholds which is different from the legacy procedure where the same search thresholds apply to all inter-frequency carriers. In our view, this approach can be especially useful when prioritizing certain inter-frequency carriers while down-prioritizing others, and it is somewhat similar to having a higher-priority carrier. But the difference is that, this particular carrier can be searched and evaluated based on requirements associated with normal carriers unlike higher priority carrier. However, this approach may not lead to any improved UE power consumption because the carriers are already scaled by Kcarrier, and from a UE point of view measuring on 1 carrier or 8 carriers is quite similar in terms of power consumption over a given time.
There is a clear advantage of following the relaxed cell monitoring procedure introduced in LTE for MTC/NB-IoT than the option of reducing the number of carrier because with the former approach the UE is allowed to completely skip measuring on all type of neighbour cells (both intra-frequency and inter-frequency) provided the relaxed cell monitoring criteria is met. This approach may lead to significantly more gain in UE power consumption. Nevertheless, it is noteworthy that the relaxed cell monitoring criteria was designed for stationary or low-mobility UEs while the mobility of NR UEs can be higher. Measurement relaxation for UEs not operating at cell-edge may require some new triggering conditions, and RAN4 should wait for further RAN2 agreement on this case. Hence, we make following observation:

· Observation #1: UE power consumption improvement by reducing the number of carriers is limited. 
· Observation #2: UE power consumption improvement following the LTE relaxed cell monitoring approach may work well for low-mobility UEs. 
· Proposal #1: RAN4 shall aim to reuse the RRM requirements specified for the LTE relaxed neighbour cell monitoring procedures for NR UE power consumption under low-mobility criteria. 

· Proposal #2: RAN4 shall wait for further RAN2 progress for RRM requirements work based on not cell-edge criteria.
· Relaxation with longer intervals

· Another option considered in [1] is relaxation by allowing measurements with longer intervals. In our view, then potential power consumption gain achievable with this option is not comparable to the gain that can achieved with LTE relaxed cell monitoring. Since the UE is not required to measure on any neighbour cells at all when the relaxed cell monitoring criteria is met, this option will clearly lead to much more reduced UE power consumption than when measuring with longer intervals. Nevertheless, whether this option can be used for the not cell-edge criteria is FFS and depends on RAN2 agreements. Thus following observation is made:

· Observation #3: Following LTE relaxed cell monitoring approach can lead to significantly more UE power consumption gain than performing the neighbour cell measurements with longer intervals.
2.2.3 RAN4 RRM impact on existing procedures
In Rel-16, early measurement reporting (EMR) is being introduced for measurements on E-UTRA and NR carriers to facilitate multi-carrier operation with NR, e.g., NR CA or MR-DC. The measurements are performed in RRC_IDLE or RRC_INACTIVE states and the purpose is to enable the gNB/eNB to use the results to quickly setup or establish the multicarrier operation. EMR activities should be coordinated with the UE power saving procedures, otherwise EMR performance can be degraded. The UE power saving procedures is likely to be triggered autonomously in the UE when it has fulfilled the associated criteria. This means the serving gNB may not know whether or when the UE will perform the neighbor cell measurements in relaxed manner, denoted relaxed measurement mode. Therefore in order to secure the EMR performance, it is important that the UE does not enter the relaxed measurement mode when configured with EMR reporting.
Alternatively, the EMR reporting can be allowed when the UE is not in cell-edge but with relaxed requirements, e.g. the reporting delay can be extended. The rationale is that the UE that is not at cell-edge is likely a moving UE or semi-stationary UE, and may therefore need to perform some form neighbor cell measurements. Since UE is anyways measuring on neighbor cells, measurements on carriers indicated by EMR configuration can also be allowed. 
Another option that might work for all types of UEs is to account for the status of T331 timer into the criteria used for entering the measurement relaxation mode. T331 timer is used in the EMR reporting and the purpose is that the UE shall perform and report the measurements while T331 timer is running. In other words, if T331 timer is running it is an indication that the UE is performing EMR activities and therefore it should not be allowed to enter the relaxed measurement modes.

 Based on the discussions above, we make following observation and proposal:
· Observation #4: Relaxed measurement mode procedures (low mobility or cell-edge criteria) can degrade the EMR performance if they are not coordinated. 
· Proposal #3: The UE is not allowed to enter any relaxed measurement modes (e.g. based on low-mobility or cell-edge criteria) if UE is configured with early measurement reporting (EMR) and T331 timer is running.
3 Summary
In this contribution we have discussed the RRM impact of different options identified in the way forward at previous meeting for achieving improved UE power saving. Based on the discussions, we have made following observations and proposals:

·  Observation #1: UE power consumption improvement by reducing the number of carriers is limited. 
· Observation #2: UE power consumption improvement following the LTE relaxed cell monitoring approach may work well for low-mobility UEs. 

· Proposal #1: RAN4 shall aim to reuse the RRM requirements specified for the LTE relaxed neighbour cell monitoring procedures for NR UE power consumption under low-mobility criteria. 

· Proposal #2: RAN4 shall wait for further RAN2 progress for RRM requirements work based on not cell-edge criteria.

· Observation #3: Following LTE relaxed cell monitoring approach can lead to significantly more UE power consumption gain than performing the neighbour cell measurements with longer intervals.
· Observation #4: Relaxed measurement mode procedures (low mobility or cell-edge criteria) can degrade the EMR performance if they are not coordinated. 

· Proposal #3: The UE is not allowed to enter any relaxed measurement modes (e.g. based on low-mobility or cell-edge criteria) if UE is configured with early measurement reporting (EMR) and T331 timer is running.
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