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1. Introduction
In RAN2#114-e meeting the following proposals were agreed regarding RRM relaxation on RRC_CONNECTED mode [1]:
Agreements:
•	An RSRP/RSRQ based stationarity criterion (Working Assumption: the same as in idle/inactive) can be configured for UEs in RRC Connected. If the criterion is met, this is reported to the network (FFS how/when). It is FFS whether, based on this, besides possibly reconfiguring RRM measurements (up to network implementation), the network can enable RRM measurement relaxation (FFS whether same method as in Idle/Inactive)
Furthermore, in RAN2#115-e meeting new agreements were made in respect of RRC_CONNECTED mode [2]:
Agreements:
•	Do not introduce nor reuse not-at-cell-edge threshold for R17 RRC_CONNECTED UEs
•	The network provides the configuration of stationarity criterion to the UE via dedicated signalling (e.g. RRCReconfiguration message) in RRC_CONNECTED.
This contribution discusses the remaining open issues in using RRM relaxation in RRC_CONNECTED mode. First, it is clarified why the complete reuse of the RRC_IDLE/INACTIVE solution is not suitable for RRC_CONNECTED mode. Then, alternative solutions are presented. Finally, further proposals to address the open questions are discussed.  
2. RRM relaxation in IDLE/INACTIVE vs RRM relaxation in RRC_CONNECTED mode
Radio Resource Management (RRM) measurements are defined in order to enable timely mobility decisions as well as load balancing functions such that the network can optimize the usage of radio resources. In RRC_IDLE and RRC_INACTIVE modes, the UE perform measurements and according to signalled thresholds it can autonomously start cell re-selection procedures. In RRC_CONNECTED mode instead, the UE reports the measurements to the network, and the network is responsible for making handover decisions. 
RRM relaxation means reducing the amount of performed measurements in order to do power saving. The target is to reduce measurements when they are not really needed such as for a stationary UE on good radio conditions. Ideally, a UE in RRM relaxation should behave exactly the same way as a UE not doing RRM relaxation, i.e. the network and application performance should not be affected by RRM relaxation.
Observation 1: Ideally, a UE in RRM relaxation should behave exactly the same way as a UE not doing RRM relaxation, i.e. the network and application performance should not be affected by RRM relaxation.
This goal is not fully achievable, as once RRM relaxation is implemented there could be corner cases where RRM relaxation may cause a slight delay in RRM operations. For example, a UE is stationary for hours and entered RRM relaxation. During these stationary hours the UE behaves the same as if it was not doing RRM relaxation. But at some point in time the UE starts moving again and until regular RRM operation is resumed there may be some delay on perceiving the reduced channel quality. The question is what happens in such situations where RRM relaxation causes delay on RRM decisions. Here the difference between RRC_IDLE/INACTIVE mode and RRC_CONNECTED mode is very significant. 
In RRC_IDLE/INACTIVE there is no active application data flowing continuously. Therefore, RRM relaxation can only affect the application if the packet flow is restarted exactly at the time the UE starts moving again and either a RACH or paging procedures should be started. If RRM relaxation introduces a slight delay on this operation, it is not a great concern as long as the UE is still within RACH and paging coverage. Since coverage is the main issue a simple relaxation method/criteria based solely on the serving cell is well suited for RRC_IDLE/INACTIVE.
Observation 2: A simple relaxation method/criteria based solely on the serving cell is well suited for RRC_IDLE/INACTIVE.
In contrast, on RRC_CONNECTED mode if RRM relaxation would introduce delay in measurement reporting, the UE will have increased packet error rate and it will also generate extra interference to neighbour cells as it is not best connected anymore. The handover failure ratio may increase. The application performance may be directly affected by such delays, as there is an ongoing flow of packets. In general, the consequences of imprecise RRM relaxation in RRC_CONNECTED mode are larger, affecting the application, the network and even other users. Therefore, a more complex but precise method is justified. 
Observation 3: The consequences of imprecise RRM relaxation in RRC_CONNECTED mode are larger, affecting the application, the network and even other users. Therefore, a more complex but precise method is justified.
3. RRM relaxation in RRC_CONNECTED mode
As discussed on the previous section the method and criteria for RRM relaxation in RRC_CONNECTED mode should be precise and robust. The goal should be to not delay excessively any configured measurement report. Because some measurement report triggers (event A3, A4 and A5) involve the measurement of neighbour cells, the criteria to enter and leave RRM relaxation on RRC_CONNECTED mode should also include measurements of neighbour cells. Otherwise, important measurement reports may be delayed. 
Observation 4: Because some measurement report triggers (event A3, A4 and A5) involve the measurement of neighbour cells, the criteria to enter and leave RRM relaxation on RRC_CONNECTED mode should also include measurements of neighbour cells. Otherwise, important measurement reports may be delayed.
The figure below exemplifies a situation where the measured signal to the serving cell is pretty stable and yet RRM relaxation mode should be left timely. An object blocks the path to the initial serving cell and the UE is handed over for a neighbour cell. The signal to the new serving cell is pretty stable (the UE itself is stationary) and satisfies the condition of the current working assumption: “An RSRP/RSRQ based stationarity criterion (Working Assumption: the same as in idle/inactive)”. In this case, the UE will enter RRM relaxation mode. Now, when the blocking object moves away, the RF conditions change again but the UE is in RRM relaxation mode. If the network has configured e.g. an A3 event to track the handover need, the measurement report will not be generated and the handover will be missed. The UE will face a lot of interference and generate a lot of interference. All of this can be avoided by including the effect of neighbor cells on the criteria to enter and the criteria to leave RRM relaxation in RRC_CONNECTED mode. 
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In light of Observation 4 and the provided example, we come forward with the following proposal:
Proposal 1:	The criteria to enter and the criteria to leave RRM relaxation on RRC_CONNECTED mode shall include measurements of neighbour cells.
Another design consideration for RRM relaxation in RRC_CONNECTED mode is that RRM measurements can also be used for load balancing. The UE does not know that a certain measurement report is configured for the sake of load balancing and may report to the network that the criteria for RRM relaxation is satisfied. At this point the network has 2 options: 1) Abandon the load balancing measurement and enable RRM relaxation for the UE or 2) Deny the UE request to enter RRM relaxation mode. The option 1) is good for the UE and bad for the network while option 2) is the other way around. In order to solve the conundrum, a partial RRM relaxation may be introduced. By partial RRM relaxation it is meant that the UE will be able to relax RRM measurements for some cells while keeping the regular measurement rate for other cells. With that enhancement, the network can keep the regular measurement for load balancing while still allowing the UE to save power by relaxing the RRM measurements of other cells.  
Proposal 2:	In RRC_CONNECTED mode a mechanism shall be defined to allow RRM relaxation to be performed for some neighbour cells while the measurement rate of other cells is kept intact.
If Proposal 1 and Proposal 2 are accepted, it will also be possible that the RRM relaxation criteria is fulfilled for some neighbour cells but not for other cells. In order to let the UE save power more often, it should be beneficial that the UE sends a report to the network with the list of cells for which the RRM relaxation criteria is satisfied. Conversely, when enabling the RRM Relaxation the answer of the network should make clear for which cells RRM relaxation will be activated. 
Proposal 3:	When the UE fulfils the RRM relaxation criteria, it should report to the network which cells fulfil the criteria
Proposal 4:	When enabling RRM relaxation for a UE, the network shall indicate for which cells the relaxation will be enabled.
In the preceding meetings there was discussions about whether the RRM relaxation should be entered autonomously by the UE or not. Ultimately, the decision was that the UE needs network approval before entering RRM relaxation as captured on the current agreement. Nonetheless, a different situation occurs when the RRM relaxation mode should be left. In order to not delay any measurement report, it is of interest of both the UE and the network that the UE leaves RRM relaxation as soon as the conditions for relaxation are not met anymore. Therefore, the following proposal is hereby added:
Proposal 5:	When the UE identifies the criteria to leave RRM relaxation on RRC_CONNECTED mode the UE should immediately resume regular measurement rate. (Autonomously leave RRM relaxation)
4. Conclusion
We make the following observations and proposals from the above discussions:
Observation 1: Ideally, a UE in RRM relaxation should behave exactly the same way as a UE not doing RRM relaxation, i.e. the network and application performance should not be affected by RRM relaxation.
Observation 2: a simple relaxation method/criteria based solely on the serving cell is well suited for RRC_IDLE/INACTIVE.
Observation 3: the consequences of imprecise RRM relaxation in RRC_CONNECTED mode are larger, affecting the application, the network and even other users. Therefore, a more complex but precise method is justified.
Observation 4: Because some measurement report triggers (event A3, A4 and A5) involve the measurement of neighbour cells, the criteria to enter and leave RRM relaxation on RRC_CONNECTED mode should also include measurements of neighbour cells. Otherwise, important measurement reports may be delayed.
Proposal 1:	The criteria to enter and the criteria to leave RRM relaxation on RRC_CONNECTED mode shall include measurements of neighbour cells.
Proposal 2:	In RRC_CONNECTED mode a mechanism shall be defined to allow RRM relaxation to be performed for some neighbour cells while the measurement rate of other cells is kept intact.
Proposal 3:	When the UE fulfils the RRM relaxation criteria, it should report to the network which cells fulfil the criteria
Proposal 4:	When enabling RRM relaxation for a UE, the network shall indicate for which cells the relaxation will be enabled.
Proposal 5:	When the UE identifies the criteria to leave RRM relaxation on RRC_CONNECTED mode the UE should immediately resume regular measurement rate. (Autonomously leave RRM relaxation)
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