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Introduction
In RP#91e a new WI was approved on reduced capability devices. The following objectives have been identified in the work item description [1]:
· 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.
This contribution discusses possible RRM relaxation enhancements captured in TR 38.875 [2] and proposes prioritization of a subset of captured solutions for further study.
Discussion
The Rel-17 reduced capability work item describes a diverse set of use cases, including industrial wireless sensors, video surveillance, and wearables. Among the requirements to support these devices is a battery duration ranging from several days to at least a few years. One possible enhancement to achieve improved battery performance is an enhanced RRM relaxation mechanism. 
RRM relaxation was adopted in Rel-16 for RRC Idle and Inactive UEs and relies on criteria such as being in low mobility and/or not at cell edge. Depending on number of configured conditions and whether one or both are satisfied, UE can either relax measurements with longer intervals or stop measurements for up to one hour (for detailed description see [3]).
Rel-17 enhancements to RRM relaxation for reduced capability UEs are to take these RRC Idle/Inactive Rel-16 mechanisms as baseline. However, a reduced capability device may be classified as “stationary”, where the devices are fixed or immobile. This “stationary” property could allow for increased power saving by further relaxation of neighboring cell measurements across all RRC states, not just Idle/Inactive.
RRM Relaxation for RRC Idle and Inactive UEs
Based on reduced capability study item, RAN2 has captured several enhancements to RRM relaxation triggering and relaxation methods in TR 38.875 [2], primarily for “stationary” devices. The following are candidate RRM relaxation triggering methods for RRC Idle/Inactive RedCap UEs:
· Enhancement 1: Introduce additional SsearchDeltaP_stationary threshold to support 2-level speed evaluation (i.e. stationary and low mobility), for example:
· 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, e.g. based on the number of beam changes, the beam can be the best beam or all beams exceeding a threshold, for example: 
· 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, i.e. rotating around itself, dynamically changing multipath.
· Enhancement 6: UE determines its confined mobility property based on subscription information (e.g. USIM). This kind of device is expected to be moving (slowly in many cases) or stationary, but different from Enhancement 5, these UEs are not expected to move out of a localized area in its lifetime.
The existing Rel-16 evaluation of low mobility criteria for triggering RRM relaxation is performed as follows:
(SrxlevRef – Srxlev) < SSearchDeltaP for a period of TSearchDeltaP;
Enhancements 1 and 2 propose building upon this formula by introducing additional thresholds SsearchDeltaP_stationary or TSearchDeltaP_stationary to detect a stationary UE. Combination of the two thresholds would provide two-speed evaluation, resulting in greater flexibility as it would allow different relaxation levels based on mobility state. These solutions could be integrated into the Rel-16 RRM relaxation framework with minimal specification impact. 
As captured in the TR, one possible downside is that RSRP/RSRQ based evaluation of stationary property may be inaccurate due to fluctuating channel conditions. However, as described in TR there is some tolerance for slight movement when classifying a UE as stationary, i.e. [2]:
“Considering the mobility of a RedCap UE, the stationarity property would not be limited to fixed or immobile UEs, but UEs which are considered stationary can also have low mobility, i.e., be slightly moving.”
Furthermore, smart configuration of thresholds could partially accommodate for variations in RSRP/RSRQ. It is therefore proposed that a simple solution based on extension of Rel-16 mechanisms should be prioritized in the WI.
Proposal 1:	Prioritize RRC Idle/Inactive RRM relaxation triggering enhancements which introduce additional threshold (i.e. SsearchDeltaP_stationary or TSearchDeltaP_stationary) to support 2-level speed evaluation.
Like triggering methods, RAN2 has also captured the following possible enhancements to baseline Rel-16 Idle/Inactive RRM relaxation methods in [2]:
· Enhancement 1: UE can stop measurements on neighbour cells for T (T>>1) hours.
· Enhancement 2: Enabling further relaxation by reducing the number of the monitored reference signals (RS). UE only needs to measure specific beams; thus, the power consumption can be reduced, and the time period of measurement can be reduced.
· Enhancement 3: UE only perform measurements on a number of dedicated intra-frequency, inter-frequency cells.
· Enhancement 4: Minimize the number of measured frequencies.
· Enhancement 5: Expand the Rel-16 scenario of performing "stop measurements for 1 hour" for stationary UEs. This would help to further reduce power consumption for a truly stationary UE.
· Enhancement 6: Upon UE fulfils the criterion (i.e. RSRP threshold evaluation), UE can trigger measurement relaxation on part of configured frequencies even if the criterion has not been fulfilled for a period of TSearchDeltaP.
Enhancements 2-4 and 6 would help minimize power consumption by reducing the amount of reference signals/frequencies UE would measure, however this would require additional signalling to indicate which resources the UE can ignore. Additionally, RAN4 may also need to verify potential impact that these new measurement relaxation techniques would have on UE performance.
A simpler solution would be to enhance existing Rel-16 mechanisms by incorporating the “stationary” criteria into the existing RRM relaxation framework. This could be done, for example modifying the criteria needed to reach maximum measurement relaxation (enhancement 5) or extending the maximum period greater than one hour (enhancement 1). 
Such solutions would be straightforward to specify, fulfil the WI objective of using Rel-16 mechanism as baseline, and would naturally combine with triggering enhancements of Proposal 1.
Proposal 2:	Prioritize RRC Idle/Inactive RRM relaxation methods: 1) UE can stop measurements on neighbour cells for T>>1 hours; and 5) Expansion of Rel-16 scenario of “stop measurements for 1 hour” for stationary UEs; from TR 38.875.
RRM Relaxation for RRC Connected UEs
Introduction of the “stationary” criteria could also allow Idle/Inactive RRM relaxation mechanisms to be extended to RedCap UEs in RRC Connected mode. Like Idle/Inactive mode, RAN2 has captured several enhancements to RRM relaxation triggering and relaxation methods in TR 38.875 [2], however, as per the WID RRC connected mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/Inactive (to maximize the commonality with Idle/Inactive UEs). 
The following are candidate RRM relaxation triggering solutions for RRC Connected RedCap UEs:
· 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.
· [bookmark: _Hlk68073472]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.
Unlike cell (re)selection in Idle and Inactive state, mobility is under network control for RRC Connected UEs. Solutions 1, 3 and 4 rely on UE declaring itself as “stationary” (e.g. by UE implementation). This would enable UEs to impact connected mobility, removing some control of the network which should be avoided.
Solutions 2 and 5 would allow the network to declare that the UE is stationary based on measurement results or network configured criteria. Both could be acceptable, however considering RRC connected mechanism should re-use Rel-16 criteria, it seems that solution 2 is more in line with work item objectives.
Proposal 3:	Prioritize RRC Connected RRM relaxation triggering solution 2: Network provides (e.g. low mobility, not-at-cell-edge) evaluation parameters to UE via dedicated signalling; from TR 38.875
RAN2 has also captured the following possible RRM relaxation methods for UEs in RRC Connected [2]:
· Solution 1: Network does not configure measurements for mobility purposes.
· Solution 2: UE only performs measurement on single RS type.
However, it has been agreed that the exact mechanism, if any, will be decided by RAN4. Considering the current workload for RAN4 in Rel-17, RAN2 should prioritize simple solutions and minimize the number of candidates captured for further evaluation.
Proposal 4:	Limit number of RAN2 solutions captured in TR 38.875 for neighbour cell RRM relaxation methods in RRC_CONNECTED.
Conclusion
In this contribution the following proposals were made concerning identification and restriction RRM relaxation enhancements for RedCap UEs:
Proposal 1:	Prioritize RRC Idle/Inactive RRM relaxation triggering enhancements which introduce additional threshold (i.e. SsearchDeltaP_stationary or TSearchDeltaP_stationary) to support 2-level speed evaluation.
Proposal 2:	Prioritize RRC Idle/Inactive RRM relaxation methods: 1) UE can stop measurements on neighbour cells for T>>1 hours; and 5) Expansion of Rel-16 scenario of “stop measurements for 1 hour” for stationary UEs; from TR 38.875.
Proposal 3:	Prioritize RRC Connected RRM relaxation triggering solution 2: Network provides (e.g. low mobility, not-at-cell-edge) evaluation parameters to UE via dedicated signalling; from TR 38.875
Proposal 4:	Limit number of RAN2 solutions captured in TR 38.875 for neighbour cell RRM relaxation methods in RRC_CONNECTED.
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