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Introduction 
In this paper we discuss some of the remaining open issues in RRM relaxations for RedCap UEs.
Discussion
Stationary criteria
In the last meeting, RAN2 made the following agreement and working assumption:
Agreements:
1.	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)
We’d like to confirm that the working assumption, i.e. the RSRP/RSRP based stationary criterion that can be configured for RRC Connected is the same as that used for RRC Idle/Inactive, based on the following reasons:
· Stationary criterion is based on the R16 low-mobility criterion, which is designed to evaluate UE’s mobility. As UE’s mobility status is independent from its RRC state, hence it makes senses to have the same stationary criterion for all RRC states.
· Different RRC states may have different relaxation methods, e.g. for the same mobility status, RRM measurements in RRC Idle/Inactive maybe can be more relaxed than in RRC Connected. However, that does not need to require the stationary criterion (i.e. “trigger”) to be different.
Proposal 1. 	RAN2 confirm that the same stationary criterion is used in RRC Idle/Inactive and RRC Connected. 
In the last RAN2 meeting, RAN2 also made the following work assumption:
Agreements:
1. Working Assumption: If beam-level criterion is adopted for Rel-17 stationary criterion in RRC_IDLE/INACTIVE, it is configured separately with Rel-16 low mobility criterion reused
In the following, we discuss whether beam-level criterion is need. If so, what type of beam-level criterion can be used. 
Including beam-level criterion as a part of the stationary criterion was proposed because there were concerns whether measurements based on RSRP/RSRQ alone would be enough to determine UE’s stationarity in all possible scenarios. One example used by proponents of the proposal was a UE circling around a base station: the stationarity criterion can be met in this case because UE’s RSRP does not change but UE is not stationary. 
One solution being proposed to address this issue is to use beam change count together with the R16 low-mobility criterion, i.e. a UE is considered stationary only if a low-mobility UE changes its best beams less than N number of times in a time window. Our view is that additional enhancements are not needed. First, it is true that UE is not stationary in that counter example, but cell reselection is not triggered because UE has a stable link to its serving cell. Hence nothing is broken. Second, the proposed beam change count has its own shortcomings. With multi-beam operations, even UEs with fixed locations may have to keep updating its best beams, e.g. due to blockage or large moving objects in their surroundings. Therefore, a truly stationary UE may exceed threshold of beam change count and lose opportunity to relax its RRM measurements.
If there are still concerns on the reliability of RSRP/RSRQ based relaxation criteria, we’d recommend RAN2 consider criteria based on doppler shifts, instead of beam change counts, for the following reasons. First, Doppler shift is a proven and robust method to detect if a radio transmitter/receiver is moving. Second, all UEs are capable of measuring doppler shift since R15 because they need it in determining QCL type for their TCI stations. So Doppler measurement is readily available and no extra implementation by UE is required. To use Doppler shift in stationary criterion, UE may take if the Doppler shifts of the N best beams from its serving cell are below a configured threshold in either a time window or for K measurement instances.
Proposal 2.	If there are majority interests in including some beam-level criterion in the stationary criterion, use Doppler shift of UE’s best beams from its serving cell instead of beam change counts.
Not-at-cell-edge (NACE) criterion
In the last RAN2 meeting, RAN2 had the following consensus:
Agreement:
1. When NW configures Rel-17 RRM relaxation for RRC_IDLE/INACTIVE, Rel-17 stationary criterion is mandatory, and Rel-17 not-at-cell-edge criterion is optional configuration. FFS whether the same applies to RRC Connected;
2. Continue discussion on Rel-17 not-at-cell-edge criterion in RRC_IDLE/INACTIVE within two options:
   - Option 1) Reuse Rel-16 not-at-cell-edge criterion with the same thresholds (i.e., SSearchThresholdP / SSearchThresholdQ)
	- Option 2) Reuse Rel-16 not-at-cell-edge criterion with the different thresholds
First, we do not think it makes sense to have a new, stand-alone R17 NACE criterion, because R16 NACE can be configured to serve that target use case. Therefore, if there is going to a R17 NACE criterion, then it has to be evaluated together with R17 stationary criterion, i.e. UE may either meet only the stationary criterion or meet both stationary criterion and NACE criterion. In the latter case, it does not really matter whether this NACE criterion has the same or different thresholds as R16 NACE criterion, because in either case they are different conditions for UEs to meet and have different corresponding relaxation methods. 
If network does support joint criteria for stationarity and NACE, then we think it makes sense for this NACE to have different thresholds from those configured for R16 NACE, because R17 stationary UEs have less uncertainties in mobility than R16 low-mobility UEs. That allows more margin in when UE should trigger cell reselection procedure. On the other hand, we think it is a matter of network implementation, i.e. network should be allowed to provide either of the following two configurations:
· Configuration #1:  R16 NACE criterion, R17 stationary criterion, and an indication whether joint criteria between these two criteria is supported;
· Configuration #2:  R16 NACE criterion, R17 stationary criterion, R17 NACE criterion. The presence of a R17 NACE criterion implicitly indicates that joint criteria between R17 stationary and R17 NACE is supported. Furthermore, in this configuration, it makes more sense that R17 NACE criterion has different thresholds from those in R16 NACE, because otherwise Configuration #1 would suffice. 
Lastly, the above configuration requirements should be the same for both RRC Idle/Inactive and RRC Connected, as there is really no use case or reason why the requirements would be different between different RRC states.
Based on the above analysis, we have the following proposals:
Proposal 3. 	Network can configure 
· Either an indication whether joint criteria between R16 not-at-cell-edge and R17 stationary criteria are supported;
· Or R17 not-at-cell-edge criterion which has to be evaluated jointly with R17 stationary criterion.
Proposal 4. 	Proposal 3 is applicable to both RRC Idle/Inactive and RRC Connected.
Relaxations in RRC Connected 
In the last meeting, RAN2 agreed that stationary criterion for relaxations can be configured in RRC Connected. If the criterion is met, UE has to report that to the network. However, it was left open how and when UE send the report and what network should do after receiving UE’s report. 
Possible options for UE to indicate it meets stationary or other relaxation criterion are either by L3 or L2 signaling, as L1 signaling clearly is not a good fit for the purpose. Between L3 and L2 signaling, there is already a RRC message which is specifically design for such a type of indication between UE and network, which is UE Assistance Information (UAI). And this indication does not need to be low latency. Therefore, we think UAI can be a good choice.
Proposal 5. 	When stationary criterion is met, UE may request RRM relaxations in a UE Assistance Information message to network. 
As to how network should react to UE’s indication of meeting the stationary criterion, we think the answers may depend on how stationary criterion, as well as other relaxation criteria (if configured), may be configured in RRC Connected. We think both broadcast and dedicated signaling are reasonable, as they are useful in different use cases. For example, network may configure RRM relaxation criteria, as well as parameters used to enable relaxations (e.g. scaling factor for measurement period), in system information if it supports relaxation for all UEs. On the other hand, network may want to enable relaxations for only a certain class of UEs, then dedicated signaling may be used. Another example is if network enables relaxation by different measurement configurations, then clearly it has to be configured by dedicated signaling, as different UEs may have different measurement configurations.
From the above analysis, we can see that
· If relaxation criteria are configured by broadcast, then network can enable relaxation by the same methods as in RRC Idle/Inactive (e.g. via a scaling factor advertised together with relaxation criteria);
· If relaxation criteria are configured by broadcast, then both methods are possible, i.e. either use the same method as in RRC Idle/Inactive or reconfigure measurement configurations.
Proposal 6. 	RRM relaxation criteria and parameters for stationary UEs in RRC Connected can be configured by either dedicated signaling or broadcast.
Proposal 7.	If relaxation criteria are configured by broadcast, network can enable relaxation by the same methods as in RRC Idle/Inactive after UE reports meeting the relaxation criteria.
Proposal 8. 	If relaxation criteria are configured by dedicated signaling, it is up to network how to enable relaxations (e.g. either reconfigure measurement configuration or use the same methods as in RRC Idle/Inactive).
It is possible that network has not configured relaxation criteria but UE detects that it is stationary by other means (e.g. positioning sensor, etc). In that case, UE may want to relax its RRM measurements to save power. It would be desirable if UE can request network to configure relaxation criteria for it, evaluate if its mobility status meets network’s criteria and then reports back to network. This request can be implemented based on the UE Assistance Information.     
Proposal 9. 	UE can request configuration of RRM relaxation criteria via UE Assistance Information.  
Other issues
RRM relaxation enhancements studied in R17 focus on stationary UEs. Relaxation criteria such as stationarity and not-at-cell-edge actually are common between both Redcap and non-Redcap UEs and do not depend on reduced capabilities at all. Therefore, it is desirable if all the RRM relaxation enhancements studied in R17 are applicable to Redcap and non-Redcap UEs.
Proposal 10.		R17 RRM relaxations are applicable to both RedCap and non-RedCap UEs.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:

Stationary criterion
Proposal 1. 	RAN2 confirm that the same stationary criterion is used in RRC Idle/Inactive and RRC Connected.
Proposal 2. 	If there are majority interests in including some beam-level criterion in the stationary criterion, use Doppler shift of UE’s best beams from its serving cell instead of beam change counts.

R17 not-at-cell-edge criterion
Proposal 3. 	Network can configure 
· Either an indication whether joint criteria between R16 not-at-cell-edge and R17 stationary criteria are supported;
· Or R17 not-at-cell-edge criterion which has to be evaluated jointly with R17 stationary criterion.
Proposal 4. 	Proposal 3 is applicable to both RRC Idle/Inactive and RRC Connected.

Relaxations in RRC Connected
Proposal 5. 	When stationary criterion is met, UE may send a request to relax its RRM measurements in a UE Assistance Information message to network. 
Proposal 6. 	RRM relaxation criteria for stationary UEs in RRC Connected can be configured by either dedicated signaling or broadcast.
Proposal 7.	If relaxation criteria are configured by broadcast, network can enable relaxation by the same methods as in RRC Idle/Inactive after UE reports meeting the relaxation criteria.
Proposal 8. 	If relaxation criteria are configured by dedicated signaling, it is up to network how to enable relaxations (e.g. either reconfigure measurement configuration or use the same methods as in RRC Idle/Inactive).
Proposal 9.	UE can request configuration of RRM relaxation criteria via UE Assistance Information.  

Other issues
Proposal 10.	R17 RRM relaxations are applicable to both RedCap and non-RedCap UEs.
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