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1. Introduction 
RANP#84 [2] modified the WI scope based on the RAN2 study for RRM measurements as:
	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 the 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 this contribution we propose to reuse LTE based relaxed monitoring for NR and using it in the presence of beamforming. We further provide details on when to measure a certain frequency or cell for power saving when frequency deployment is not ubiquitous.

2. Discussion
2.1 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
SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:

-
After selecting or reselecting a new cell, or

-
If (Srxlev - SrxlevRef) > 0, or

-
If the relaxed monitoring criterion has not been met for TSearchDeltaP:

-
the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;

-
TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.

s-SearchDeltaP-r14




ENUMERATED {dB6, dB9, dB12, dB15} in SIB3


The figure below explains our understanding of relaxed monitoring in LTE:
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Figure 1: Relaxed monitoring in LTE
The outer circle represents the cell coverage and inner half-circle represents the delta threshold boundary. The inner half-circle should have no boundary as we move towards the cell centre because the UE can always skip measurements in good radio conditions. The UE calculates its reference level based on 36.304 and the threshold value is signalled in SIB3. We believe that the LTE-based relaxed monitoring approach should be considered as a baseline for NR power saving. 

Proposal 1: RAN2 to agree that LTE Relaxed monitoring is the baseline for measurement relaxation in NR IDLE/INACTIVE mode.
NR relaxed monitoring may include the same parameters as LTE relaxed monitoring i.e. if the difference between the reference power level and the received power level is less than a delta threshold then UE is allowed to skip measurements. So we propose that the condition, (SrxlevRef – Srxlev) <  SSearchDeltaP,  is used for NR as well. SrxlevRef and Srxlev are calculated in the same way as in LTE. 
Proposal 2: SrxlevRef and Srxlev are calculated in the same way as in LTE relaxed monitoring.
Since NR will be deployed using beams, Delta threshold should be dependent on the number of beams. As shown in figure 2 below, three UEs are seeing different numbers of beams depending on their location. The UE with a single beam may be configured with a relaxed monitoring threshold that is different to a UE with 6 beams. 
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Figure 2: UEs with different beams may use different thresholds for relaxed monitoring
LTE relaxed monitoring involves a very long evaluation time period due to its applicability to MTC devices (24 hours since last cell reselection). For NR, 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, like LTE.

Proposal 3: Relaxed monitoring threshold SSearchDeltaP should vary with the number of beams measured by the UE. Shorter than LTE evaluation period during which no cell reselection occurs should be considered.
2.2 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”.
Even though above statement applies to RRC_Connected mode, we believe there is considerable power saving for IDLE and INACTIVE mode inter frequency measurements as well. Inter frequency measurements are performed by the UE based on its measurement configuration. For example, with reference to Figure 3, a UE may be configured to perform measurements on frequencies f2, f3, f4, f5 while camped on a cell on frequency f1. The UE will tune its receiver to these frequencies during the measurement gaps, which are configured by the network. In this case, the UE will attempt to measure four frequencies, in addition to the serving cell frequency.
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Figure 3: Performing inter frequency measurements with multiple frequencies in the neighbourhood
There is no point for UE 1 to measure frequencies f3 and f5 in such deployments. At the same time, there is no point for UE3 to measure frequencies 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 and UE is in RRC_Connected mode. The other approach could be that frequencies to be measured are made conditional on the detected cell/frequency and their existence in the neighbourhood.

Proposal 4: Network configures additional criteria for measuring a particular frequency. These criteria could include the detection of a particular cell or frequency (higher priority) or timer (e.g. if UE does not find this frequency during whilst the timer is running then skip measuring this frequency).
3. Conclusion
We propose RAN2 to discuss and agree on following proposals:
Proposal 1: RAN2 to agree that LTE Relaxed monitoring is the baseline for measurement relaxation in NR IDLE/INACTIVE mode.
Proposal 2: SrxlevRef and Srxlev are calculated in the same way as in LTE relaxed monitoring.
Proposal 3: Relaxed monitoring threshold SSearchDeltaP should vary with the number of beams measured by the UE. Shorter than LTE evaluation period during which no cell reselection occurs should be considered.

Proposal 4: Network configures additional criteria for measuring a particular frequency. These criteria could include the detection of a particular cell or frequency (higher priority) or timer (e.g. if UE does not find this frequency during whilst the timer is running then skip measuring this frequency).
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