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1. [bookmark: _Toc120549591]Introduction
At RAN2 #106 meeting, the SI phase for UE power saving is closed and the following recommendations are agreed in R2-1908509.
	RRM measurement relaxation (Section 5.3)
RRM measurement for neighbour cells for both intra and inter-freq can be relaxed for UE in RRC_CONNECTED and RRC_IDLE/INACTIVE. Measurement relaxation in RRC CONNECTED is under network control.
The exact relaxed monitoring criteria under which the UE may relax RRM measurements are to be defined, and the following two should be treated with higher priority: if UE is not at cell edge, or if UE is stationary or with low mobility.
It is beneficial to perform RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers/SSB to be measured.
Measurement relaxation rules can be discussed further, involving RAN4, if this topic is addressed in the WI.


In this contribution, we further discuss on the details for inter-frequency RRM measurement relaxation. 
2. Further details on inter-frequency measurement relaxation for IDLE mode
2.1 Motivation and gain
In NR, RRM measurements are performed in RRC_IDLE for cell selection and reselection. The current RRM measurements configuration and procedures can be further optimized for some scenarios, e.g., for inter-frequency RRM measurement with some intra-band frequencies co-site deployed. 
For the intra-band carriers deployed on the same site, the propagation characteristics is similar, and it is very likely for UE to get almost the same measurement results, e.g., at least for RSRP. In current Rel-15 inter-frequency RRM measurement framework, if all the carriers in the same band are informed by SIB to UE for measurement, UE has to measure all the carriers and chooses the strongest cell to camp on, even the RSRP measurement results of various intra-band carriers are almost the same. Therefore, in this case, measurements on all the intra-band frequencies are meaningless to UE and this will increase UE power consumption, the number of frequency layers in this case could be reduced without any impact on the system performance. In addition, there may be a UE capability limitation on the number inter-frequency measurements, if UE can reduce the number of measured frequency layers in the same band in this case, UE will have more chance to measure other frequencies in other bands. 
Therefore, in the scenario which multiple intra-band frequencies are co-site deployed, the number of measured frequencies in inter-frequency RRM measurements can be reduced to reduce the UE power consumption.
The evaluation results are shown in R2-1905937. For the case that the measured frequency layer is reduced from 2 layers to 1 layer, the power saving gain will be about 27.2%. 
Observation 1. The power saving gain is about 27.2% if the number of measured frequency layers reduced from 2 to 1.
2.2 Detail solutions
Legacy behaviour
As specified in TS 38.331 and TS 38.304, for idle mode UE, UE will perform inter-frequency measurements based on the inter-frequency reselection information broadcasted in SIB4. For example, SIB4 broadcasts 3 inter-frequency carriers, i.e. Carrier A, B & C. Assume carrier A, B & C are in the same band and co-site deployed, and the frequency priority of Carrier A, B & C are the same. In the current spec, if inter-frequency measurement condition is fulfilled, UE has to perform measurement on all these 3 carriers.
Power saving proposals
The legacy behaviour consumes unnecessary power for inter-frequency measurement. In the real network, several carriers in the same band are co-site deployed, e.g. 3 carriers in 2.6GHz band. Co-site deployed means the 3 carriers are deployed on each gNB in this area. Since the 3 carriers are co-site and in the same band, the measured RSRP are almost the same. Therefore, we propose UE only needs to perform measurement on one of these 3 carriers. The detail solution is shown in following figure.


Figure. Deploy scenario and UE behaviour for inter-frequency measurement relaxation
Network behaviour:
· Network inform UE through SIB4 that Carrier A, B, C are associated, which means in same band and co-site deployed. 
UE behaviour:
· UE is currently camping on Carrier D.
· Receive Carrier A/B/C association from SIB 4. 
· While UE performs inter-frequency measurement, UE randomly pick 1 carrier from Carrier A/B/C. Assume UE picks Carrier A
· Perform measurement and cell re-selection only on Carrier A and D, without considering Carrier B nor C.
Since carrier A, B and C are on the same band and co-site deployed, the measured RSRP are the same for A/B/C. Though random select one from carrier A/B/C, UE only needs to perform inter-frequency measurement on 1 carrier, instead on 3 carriers. Therefore, the UE power consumption is cut down. 
Proposal: Support inter-frequency measurement relaxation:
· SIB4 is added with carrier association, which means the associated carriers are in the same band and co-site deployed. 
· While UE performs inter-frequency measurement, UE randomly pick 1 carrier from associated carriers.
· UE perform inter-frequency measurement and cell re-selection only on the picked carrier instead of other associated carriers.
2.3 No impact on measurement accuracy
Another issue to be discussed is the impact of relaxation of inter-frequency measurements on mobility and measurement accuracy required by RAN4. 
In this inter-frequency measurement relaxation scheme, it is up to gNB to control whether the measured frequency layers can be reduced. Besides, UE can random select one frequency layer to measure under the condition that RSRP measurement results on different frequency layers are almost the same and UE will select the strongest cell in the measured frequency layer to camp on. That is, the relaxation of inter-frequency measurements will have no impact on mobility performance.
For measurement accuracy, since the measurement samples and periods are the same as the Rel-15 RRM measurements, it is expected that there is no impact on the measurement accuracy required by RAN4. For information, the same idea and design principle have already been adopted in NR, e.g., in R4-1801307 [3], RAN4 agreed that NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell frequency layer considering that, for two serving cell frequency layers within the same band, the intra-frequency measurement results on each serving cell frequency layer could be almost same.
Observation 2: The relaxation of inter-frequency measurements will have no impact on mobility and measurement accuracy. 
3. Conclusions
In this contribution, for inter-frequency measurement, relaxing the number of intra-band measured frequencies is discussed, and the following proposals are made.
Observation 1. The power saving gain is about 27.2% if the number of measured frequency layers reduced from 2 to 1.
Observation 2: The relaxation of inter-frequency measurements will have no impact on mobility and measurement accuracy.
Proposal: Support inter-frequency measurement relaxation:
· SIB4 is added with carrier association, which means the associated carriers are in the same band and co-site deployed. 
· While UE performs inter-frequency measurement, UE randomly pick 1 carrier from associated carriers.
· UE perform inter-frequency measurement and cell re-selection only on the picked carrier instead of other associated carriers.
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