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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
In the RAN#91-e meeting, it was agreed that the RRM relaxations for neighboring cells for RedCap devices will be further studied and specified. And the related objective in the RedCap WID[1] is following:
	· RRM relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected, considering the alternatives identified in the RedCap SI:
· Study until RAN#92e, and, if agreed, specify RRM measurement relaxation criteria (where, for RRC_Idle/Inactive the Rel-16 mechanism is the baseline, and for RRC_Connected the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive so as to maximize the commonality with Idle/Inactive UEs) [RAN2]
· Enabling/disabling of RRM relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM relaxation.
· After RAN#92e, if agreed in RAN2, specify RRM measurement relaxation [RAN4]
· No RRM relaxations are specified for the serving cell. 


In this paper, we will mainly discuss the RRM relaxation criteria for neighboring cells for RedCaps.
2. Discussion
2.1. Reuse Rel-16 RRM relaxation criteria
In Rel-16, a UE in RRC_IDLE and RRC_INACTIVE is allowed to relax RRM measurements on neighboring cells when it fulfils the criteria determining that the UE is in “low mobility” and/or “not at cell edge”. The corresponding parameters used to determine whether the criteria are met or not are delivered via system information, as below. Some parameters, e.g. s-SearchThresholdP and s-SearchThresholdQ, are configured with absolute values rather than dB values.
[[
    relaxedMeasurement-r16              SEQUENCE {
        lowMobilityEvaluation-r16           SEQUENCE {
            s-SearchDeltaP-r16                  ENUMERATED {
                                                    dB3, dB6, dB9, dB12, dB15,
                                                    spare3, spare2, spare1},
            t-SearchDeltaP-r16                  ENUMERATED {
                                                    s5, s10, s20, s30, s60, s120, s180,
                                                    s240, s300, spare7, spare6, spare5,
                                                    spare4, spare3, spare2, spare1}
        }                                                                                   OPTIONAL,       -- Need R
        cellEdgeEvaluation-r16              SEQUENCE {
            s-SearchThresholdP-r16              ReselectionThreshold,
            s-SearchThresholdQ-r16              ReselectionThresholdQ                       OPTIONAL        -- Need R
        }                                                                                   OPTIONAL,       -- Need R
        combineRelaxedMeasCondition-r16     ENUMERATED {true}                               OPTIONAL,       -- Need R
        highPriorityMeasRelax-r16           ENUMERATED {true}                               OPTIONAL        -- Need R
    }                                                                                       OPTIONAL        -- Need R
    ]]

[bookmark: OLE_LINK1]It is a common understanding that the Rel-16 RRM relaxation mechanism can be reused for RedCap UEs. However, we have agreed that some reduced capabilities for RedCap UEs, e.g. at lease both the number of Rx antennas and maximum bandwidth supported by RedCap UEs are smaller than non-RedCap UEs, which may cause some difference on the measurement results for RedCap UE comparing with non-RedCap UEs. In this way, when reusing the existing criteria in Rel-16 to RedCap UEs, we should consider the different measurement performance for RedCap UEs. Hence, it makes sense to defne RedCap specific threshold values when reusing the existing criteria, at least for parameters configured with absolute value (e.g. s-SearchThresholdP and s-SearchThresholdQ), which should be different from the values set for non-RedCap UEs. Similarly, the system information could be used to provide these separate configurations for RRM relaxation criteria for RedCap UEs.
Proposal 1: Rel-16 RRM relaxation criteria for RRC_IDLE and RRC_INACTIVE could be reused to RedCap UEs, while some parameters (e.g. at least for cell center criterion) should be configured separately for RedCap UEs in system information.
2.2. RRM relaxation enhancement in idle/inactive mode
During study item phase, many RRM relaxation enhancement mechanisms for idle/inactive mode have been studied and discussed. The corresponding solutions are captured in TR 38.875 [2]. The enhanced RRM relaxation criteria for RRC_IDLE and RRC_INACTIVE RedCap UEs are following:
	· Enhancement 1: Introduce additional SsearchDeltaP_stationary threshold to support 2-level speed evaluation (i.e. stationary and low mobility)
· Enhancement 2: Introduce additional TSearchDeltaP_stationary to support 2-level speed evaluation (i.e. stationary and low mobility)
· Enhancement 3: Take into account changes in beam measurements in serving cell when evaluating the mobility status of UE
· Enhancement 4: UE determines its stationary property based on subscription information (e.g. USIM).
· Enhancement 5: Introduce an additional SsearchDeltaP_correction threshold and configure the UE to use it if only it detects that it observes higher received signal power variation that do not violate stationary property
· Enhancement 6: UE determines its confined mobility property based on subscription information (e.g. USIM).



· Analysis of enhancement 1&2
Based on the previous discussion in study item, the majority companies show interesting on introducing 2 relaxation levels for RedCap UEs, i.e. for fixed and moving UEs respectively. With this solution, we could have enough flexibility to save the UE power for different scenarios. Thus, it is better to specify 2-level relaxation criteria and corresponding relaxation methods. Hence, we think enhancement 1 and 2 needs to be considered with high priority. In this solution, a new criteria should be defined for RedCap UEs, i.e. how to determine the UE is fiexed. The details could be further discussed. 
· [bookmark: OLE_LINK2]Analysis of enhancement 3
Using beam level measurement results to assess UE’s movement state is proposed by enhancement 3. The main motivation is to detect UE moving among beams but without changing the cell level measurement results. As we known, the measurement result of beam is not stable and changes fast. Hence, it may cause misjudgment on UE’s movement state, which may lead to more power consumption or mobility issue. With this in mind, we think enhancement 3 can be considered with low priority until its feasibility is proved.
· Analysis of enhancement 4&6
Enhancements 4 and 6 are similar but used in different scenarios. Although one may argue these solutions are only applicable to limited scenarios (UE is expected to be stationary or moving slowly in a localized area), it needs to notice a large percentage of RedCap UEs are expected to be used in the target scenarios of enhancement 4 and 6, e.g. Video Surveillance, industrial wireless sensors in an automated assembly line, Handling robot in a warehouse. 
During the discussion before, another concern is the subscription information may not fully reliable and the channel or link (RSRP/RSRQ) may change even if UE is fixed-location. In our understanding, the subscription information should be reliable in most cases and a smart UE implementation can check whether the subscription is reliable and the channel is stable before the UE performs RRM relaxation according to the enhancement. Considering the identified use case above, in which the RedCap UEs are deployed with fixed location, there is little movement for these kinds of UEs. The scenario for these UEs are also quite stable. 
From the implementation perspective, the enhancements are expected to be very simple and easy to use. Therefore, the cost to apply this enhancement is expected to be very low. For RedCap UEs in the above scenarios, we assume they are more power sensitive, so it is expected to have more/longer relaxation for RRM measurement. Thus, we prefer to support the solutions, e.g. as a supplementation solution.
In this solution, NW could enable the RRM relaxation for neighboring cells for station UEs. With this indication, RedCap UEs could perform RRM relaxation for neighboring cells if it determins it is stationary or in a localized area based on its subscription information. 
· Analysis of enhancement 5
This enchantment seems to cover only a very specific use case, i.e. to differentiate stationary or stationary with rotating around itself. It can be considered with low priority. We think we could further consider this scenario when defining new criteria for enhancement 1 and 2.
Considering the use case for RedCap UEs, there are many industrial sensors, which are deployed with fixed location, there is no movement for these kinds of UEs. For these UEs, we assume they are also power sensitive. The scenario for these UEs are quite stable, so it is expected to have more/longer relaxation for RRM measurement. In this way, we should define a new criteria for stationary UEs.
Besides, enhancement 1/2/4 are with the top 3 supporters according to the discussion in [3]. Hence, we think we could further consider enhancement 1/2/4/6 (while enhancement 6 is considered as a variant of enhancement 4) during WI phase. Based on the above analysis, we should define a new criteria for stationary UEs for neighboring cell RRM relaxation.
Proposal 2: Defina A new criterion for stationary scenario for RRM relaxation in RRC_IDLE and RRC_INACTIVE considering following options with high priority:
· Enhancement 1: Introduce additional SsearchDeltaP_stationary threshold to support 2-level speed evaluation (i.e. stationary and low mobility)
· Enhancement 2: Introduce additional TSearchDeltaP_stationary to support 2-level speed evaluation (i.e. stationary and low mobility)
· Enhancement 4/6: UE determines its stationary/confined mobility property based on subscription information (e.g. USIM)
In Rel-16, the RRM relaxation is applied to UEs in RRC_IDLE and RRC_INACTIVE. UE could determine whether to relax RRM measurement based on the defined criteria. In order to ensure the network can control the RRM relaxation, criteria and corresponding configruations for UE to determine whether the criteria to trigger RRM relaxation are delivered via the System Information. In Rel-17, we think the same delivery mechanism can be used while considering the RRM relaxation for UE in RRC_IDLE and RRC_INACTIVE.
Proposal 3: For RedCap UEs in RRC_IDLE and RRC_INACTIVE, the criteria and corresponding configurations for triggering neighbor cell RRM relaxation is delivered via System Information.
2.3. RRM relaxation enhancement in connected mode
Similarly, many RRM relaxation enhancement mechanisms for connected mode have been studied and discussed during study item phase. According to the TR 38.875 [2], the enhanced RRM relaxation criteria for RRC_CONNECTED are following:
	· Solution 1: UE reports "stationary" status to network in Msg5. How the mobility status is determined, e.g. left up to UE implementation or based on measurements or location information, should be studied further in normative phase, if it is to be considered.
· Solution 2: Network provides (e.g. low mobility, not-at-cell-edge) evaluation parameters to UE via dedicated signalling.
· Solution 3: AMF sends "stationary" indication to gNB (based on UE subscription). 
· Solution 4: UE reports "stationary" in UE Assistance Information to network. How the mobility status is determined, e.g. left up to UE implementation or based on measurements or location information, should be studied further in normative phase. 
· Solution 5: Network enables measurement relaxation based on UE's measurement report.



To reduce the UE power consumption, the network may not keep a RedCap UE in RRC_CONNECTED state for a long time. Thus, the earlier the network configures the RRM relaxation, the more power saving gain obtained at UE side. In our understanding, the RRM relaxation in connected mode should be fully control by network. 
One solution for connected mode RRM relaxation is network configures the neighboring cell RRM relaxation based on UE state/property information. Whether the UE performs RRM relaxation should be visible at network side. 
· Analysis of Solution 1 and 4
In this way, it is preferred to inform the network of the UE’s “stationary” property as soon as possible, e.g. in msg5 during the RRC Connection Setup procedure, to allow the network to configure RRM relaxation to UE early. In order to allows UEs already in RRC_ CONNECTED state to report if it is temporarily stationary, UE Assistance Information can be used so the network can change the UE’s RRM configuration timely. In this solution, network is fully in control of determining whether RRM relaxation should be performed or canceled at UE side, the network can apply a conservative policy when necessary to start RRM relaxation to ensure the impact on handover performance is acceptable.
· Analysis of Solution 3
Another approach for network side to obtain the UE’s “stationary” property is from CN. Thus, AMF could sent "stationary" indication for UEs to gNB. As our analysis above, UE subscription-based solution is suitable for some RedCap scenarios which is true stationary, e.g. industry sensors in a location, etc. From the implementation perspective, the enhancements are expected to be very simple and easy to use. The cost to apply this enhancement is expected to be very low. So we prefer to support the solutions as a supplementation solution in connected mode. 
· Analysis of Solution 5
The solution keeps the control fully at network side and based on the existing UE measurement report mechanism. In general, we regard this solution for RRM relaxation criteria as an implementation solution that has already be supported. 
For the above criteria solutions, network could obtain the UE state information from UE or CN side. After that, the RRM relaxation for UEs can be configured by network. Only the UEs with such configuration should perform RRM relaxation. 
Another solution for connected mode RRM relaxation is network configures the criteria for neighboring RRM relaxation. UEs fulfil criteria could perform RRM relaxation, which is in-visible at network side. This solution is similar as the RRM relaxation in Rel-16 in idle/inactive mode. 
· Analysis of Solution 2
This solution reuse the Rel-16 RRM relaxation mechanism to connected mode, with the enhancement to allow per-UE configuration on RRM relaxation criteria. The solution maximizes the commonality with idle/inactive UEs. We think similar criteria like Rel-16 RRM relaxation could be considered as the baseline. 
Based on the above analysis, it is obvious that the RRM relaxation criteria is related to the relaxation mechanism, i.e. either the network configures the UE to perform relaxation or configures the relaxation criteria to the UEs. In our understanding, these two approached could be considered during WI phase. 
Proposal 4: RAN2 to decide which solution for neighboring cell RRM relaxation should be adopted in RRC_CONNECTED:
· Option 1: Network configures the neighboring cell RRM relaxation based on UE state/property information to the UE. Whether the UE performs RRM relaxation should be visible at network side.
· Option 2: Network configures the criteria for neighboring cell RRM relaxation to the UE. UEs meeting criteria could perform RRM relaxation, which is similar as the RRM relaxation in Rel-16 in idle/inactive mode.
After the decision on the RRM relaxation mechanism, we could discuss the corresponding relaxation criteria.
Proposal 5: If Option 1 is agreeable, a criterion is define for network to obtain the UE state/property information, considering the following solutions with high priority:
· Solution 1: UE reports "stationary" status to network in Msg5. 
· Solution 3: AMF sends "stationary" indication to gNB (based on UE subscription). 
· Solution 4: UE reports "stationary" in UE Assistance Information to network. 
In this solution, the network shold configure UEs to perform neighboring cell RRM relaxation by dedicated signaling.
Proposal 6: If Option 1 is agreeable, network should configure UEs to perform neighboring cell RRM relaxation by dedicated signaling.
In Rel-16, the RRM relaxation parameters are broadcasting in SIB2, which is not required to be obtained by RRC_CONNECTED UE. Thus, if option 2 is agreeable, it is natural for the network to provide RRM relaxation criteria and configuration to RRC_CONNECTED UEs via dedicated signalling.
Proposal 7: If Option 2 is agreeable, network should provide RRM relaxation criteria (e.g. low mobility, not-at-cell-edge) and corresponding configurations to UE via dedicated signalling.
3. Conclusion
In this contribution, the neighboring cell RRM relaxations for RedCap UEs in idle/inactive and connected modes are discussed. The following proposals are achieved:
Proposal 1: Rel-16 RRM relaxation criteria for RRC_IDLE and RRC_INACTIVE could be reused to RedCap UEs, while some parameters (e.g. at least for cell center criterion) should be configured separately for RedCap UEs in system information.
Proposal 2: Defina A new criterion for stationary scenario for RRM relaxation in RRC_IDLE and RRC_INACTIVE considering following options with high priority:
· Enhancement 1: Introduce additional SsearchDeltaP_stationary threshold to support 2-level speed evaluation (i.e. stationary and low mobility)
· Enhancement 2: Introduce additional TSearchDeltaP_stationary to support 2-level speed evaluation (i.e. stationary and low mobility)
· Enhancement 4/6: UE determines its stationary/confined mobility property based on subscription information (e.g. USIM)
Proposal 3: For RedCap UEs in RRC_IDLE and RRC_INACTIVE, the criteria and corresponding configurations for triggering neighbor cell RRM relaxation is delivered via System Information.
Proposal 4: RAN2 to decide which solution for neighboring cell RRM relaxation should be adopted in RRC_CONNECTED:
· Option 1: Network configures the neighboring cell RRM relaxation based on UE state/property information to the UE. Whether the UE performs RRM relaxation should be visible at network side.
· Option 2: Network configures the criteria for neighboring cell RRM relaxation to the UE. UEs meeting criteria could perform RRM relaxation, which is similar as the RRM relaxation in Rel-16 in idle/inactive mode.
Proposal 5: If Option 1 is agreeable, a criterion is define for network to obtain the UE state/property information, considering the following solutions with high priority:
· Solution 1: UE reports "stationary" status to network in Msg5. 
· Solution 3: AMF sends "stationary" indication to gNB (based on UE subscription). 
· Solution 4: UE reports "stationary" in UE Assistance Information to network. 
Proposal 6: If Option 1 is agreeable, network should configure UEs to perform neighboring cell RRM relaxation by dedicated signaling.
Proposal 7: If Option 2 is agreeable, network should provide RRM relaxation criteria (e.g. low mobility, not-at-cell-edge) and corresponding configurations to UE via dedicated signalling.
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