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1. Introduction 
RAN2#105 agreed the following for relaxed measurements:
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

An email discussion was agreed after the meeting. Relaxing serving and neighbour cell measurements was discussed in the email discussion. One of the issues identified in the email discussion was to reduce inter frequency measurements for spotty deployment of frequencies. In this contribution we provide further details on when to trigger measurements for a certain frequency or cell.
The other topic discussed during the email discussion was to reuse LTE based relaxed monitoring for NR and in this contribution we provide our views on using LTE relaxed monitoring in the presence of beamforming.

2. Discussion
2.1 Conditional RRM measurements

The power saving TR, TR38.840 [1], shows that “reducing the number of measured inter-frequency layers can provide 21~38% power saving gain for RRC CONNECTED states”.
Inter frequency measurements are performed by the UE based on its measconfig. For example, a UE may be configured to perform measurements on frequencies f2, f3, f4, f5 while camped on a cell on frequency f1. UE will tune its receiver to these frequencies during the measurement gaps, which are configured by the network. In this case, UE will attempt to measure four frequencies, in addition to the serving cell frequency.
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Figure 1: Performing inter frequency measurements with multiple frequencies in the neighbourhood
There is no point for UE 1 to measure frequency f3 and f5 in such deployments. At the same time, there is no point for UE3 to measure freq f2 and f4. The current RRM approach allows frequency specific priority only. 
We think one approach could be that the network decides appropriate frequencies to be measured by UE 1 and UE 3 in this example. However, the network can decide only based on UE measurement reports, which might lead to more power consumption. The other approach could be that frequencies to be measured are made conditional on the detected cell/frequency and their existence in the neighbourhood.
The same approach could be used for intra frequency measurements whereby the number of cells to be measured can be reduced if UE is configured with a qualifier for individual or group of cells. 
Proposal 1: RAN2 to study the assistance information to be provided to UEs for reducing neighbour cell intra and inter frequency measurements. Such assistance information could serve as a condition to start measuring a certain cell or frequency.
2.2 Relaxed monitoring
Relaxed monitoring was specified in LTE for RRC_IDLE mode based on UE determining a reference signal level and signalled delta threshold value. If UE’s current measurement level and delta threshold are above the reference signal level then UE may skip performing RRM measurements, as mentioned in 36.304: 

	The relaxed monitoring criterion is fulfilled when:

-
(SrxlevRef – Srxlev) <  SSearchDeltaP


We believe that the LTE-based relaxed monitoring approach should be considered as a baseline and then the UE should be permitted to skip measurements. As a starting point, relaxed monitoring should be supported for NR IDLE/INACTIVE mode. 
Proposal 2: Relaxed monitoring should be supported for NR IDLE/INACTIVE mode.
Network may configure S-measure threshold for the serving cell in CONNECTED mode and UE does not perform any measurements if serving cell quality is better than the s-measure threshold. However, if S-measure has been set conservatively by the network or s-measure is affected by the presence of number of beams then it may happen that UE does not meet the s-measure criterion and it will keep on performing measurements even if there is a small variation in the measured results. So, a delta threshold could also be useful in CONNECTED mode along with s-measure.
Proposal 3: Relaxed monitoring should also be supported for NR Connected mode.
As shown in figure 2 below, three UEs are seeing different numbers of beams depending on their location. UE with a single beam may be configured with a relaxed monitoring threshold different to a UE with 6 beams. 
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Figure 2: UEs with different beams may use different threshold for relaxed monitoring
LTE relaxed monitoring involves a very long evaluation time period due to its applicability to MTC devices (24 hours). We think a shorter evaluation period is also required and this could be linked to a period during which the TCI state remains unchanged in Connected mode or a period in which there is no cell reselection in IDLE/INACTIVE mode.

Proposal 4: Relaxed monitoring threshold should vary with the number of beams measured by the UE.
As a specific aspect related to the number of measurement samples one can conclude that for certain UE implementations the number of beams used for measurements may be large. The UE power consumption due to RRM measurements will scale with the number of beams used for measurements. Hence there would be a potential UE power consumption saving in case the UE during a measurement occasion could reduce the number of receive beams. 

It is expected that a UE will in certain conditions have good knowledge about suitable receive beam configuration, which means a specific beam can be reused for subsequent measurements. One example may be a UE in RRC CONNECTED state has determined a suitable receive beam configuration, and when switching to RRC IDLE/INACTIVE states the UE will be able to reuse this information in case suitable conditions. When reusing the receive beam configuration, power saving is achieved due to avoiding unnecessary measurements in other beam directions. 

Observation 1: A UE switching from RRC CONNECTED state to RRC IDLE/INACTIVE state will have knowledge of a suitable receive beam configuration. 
Proposal 5: In certain conditions the UE can relax RRM measurements by reusing previously known beam configurations, and avoiding unnecessary measurements in other beam directions.
It can be expected that channel conditions change over time. Thus, a UE relaxing its RRM measurements by reusing previously known beam configurations can only perform this during a limited time duration. Furthermore, if the measurement result indicates a worsening of RRM conditions (e.g. RSRP conditions are unfavourable, e.g based on S-criteria) then the UE shall monitor additional receive beam directions or fallback to the legacy RRM measurement. 
Proposal 6: Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading. 

3. Conclusion
We propose RAN2 to discuss and agree on following observations and proposals:
Proposal 1: RAN2 to study the assistance information to be provided to UEs for reducing neighbour cell intra and inter frequency measurements. Such assistance information could serve as a condition to start measuring a certain cell or frequency.
Proposal 2: Relaxed monitoring should be supported for NR IDLE/INACTIVE mode.
Proposal 3: Relaxed monitoring should also be supported for NR Connected mode.
Proposal 4: Relaxed monitoring threshold should vary with the number of beams measured by the UE.

Observation 1: A UE switching from RRC CONNECTED state to RRC IDLE/INACTIVE state will have knowledge of a suitable receive beam configuration. 
Proposal 5: In certain conditions the UE can relax RRM measurements by reusing previously known beam configurations, and avoiding unnecessary measurements in other beam directions.
Proposal 6: Previously known beam configurations can be used for up to a set time duration, subject to measurement results not degrading. 
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