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Introduction
In the RAN2#113bis-e, the following agreements on RRM measurement relaxations for stationary UEs have been made:
	· Assuming there will be a stationary property based on subscription (which is FFS), we will not restrict to this and will continue to assume that a UE can use some RSRP/RSRQ based criteria (FFS whether reuse R16 thresholds or new ones. FFS also on the use of a beam based criteria)
· At least for RRC idle/inactive, a measurement-based R17 stationarity criterion can be configured separately from R16 low-mobility criterion for R17 UEs supporting the feature. FFS how the configuration is provided. FFS whether this stationarity criterion is based on:
· the same algorithm used in R16 low-mobility criterion but with its own specific set of thresholds; or
· a combination of R16 low-mobility criterion and/or beam-change based criterion. Exact details of beam change criterion are FFS.
· Network can configure R17 stationarity criterion/criteria together with a not-at-cell-edge criterion, to trigger RRM relaxations in RRC Idle/Inactive for R17 UEs supporting the feature. FFS whether the R16 not-at-cell-edge thresholds can be reused or separate R17 not-at-cell-edge thresholds are needed. 
· Chair’s note: There is a general understanding that, if RAN4 will decide not to specify a different R17 relaxation mechanism based on the combined criterion (R17 stationarity criterion/criteria together with a not-at-cell-edge criterion), depending on whether not-at-cell-edge criterion is met or not, RAN2 will have to reconsider this agreement.


This paper discusses the FFS issues described above. 
Discussion
Measurement based criteria for stationarity
As shown above, RAN2 have agreed the assumption that a UE can use some RSRP/RSRQ based criteria in determining a UE’s stationarity for RRM relaxations. We think this assumption is indeed useful to have, especially for UEs that are temporarily stationary. The remaining open issues are 
1. Whether we can reuse the R16 low-mobility criterion or a new one;
2. Whether we reuse the R16 low-mobility criterion together with some beam based criterion.
In our view, stationary UEs can be considered a special case of low-mobility UEs. Hence R16 low-mobility criterion is a robust measurement-based way to detect whether UE moves slowly, we think it can be used as a baseline for stationary criterion but enhanced with more “stringent” thresholds to determine if a UE is stationary, e.g. a small SSearchDeltaP  and a longer TSearchDeltaP to ensure a UE is indeed stationary. 
Proposal 1. 	As a baseline, measurement-based stationary criterion can use the same algorithm as the one in R16 low-mobility criterion but a different set of thresholds.
There were concerns whether measurements based on RSRP/RSRQ alone would be enough to determine UE’s stationarity in all possible scenarios. One counter example often used by opponents is a UE circling around a base station: the stationarity criterion can be met in this case because UE’s RSRP does not change, although 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.
Observation 1.	Criterion based on beam change count may falsely block a truly stationary UE from triggering RRM relaxation.
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.
Observation 2.	Doppler shift is a robust method for determining UE’s mobility, and it is readily available because all NR UEs measure it to determine QCL type of their TCI states.
Proposal 2.	If there are still interests in including beam based criteria in determining UE’s stationarity, use Doppler shifts instead of beam change counts, e.g. a UE is considered stationary if Doppler shift of the N best beams from its serving cell are below a threshold for the last K rounds of measurements. 
RRM relaxation in RRC Idle/Inactive 
For relaxations in RRC Idle/Inactive, one FFS issue is whether the R16 not-at-cell-edge thresholds can be reused or separate R17 not-at-cell-edge thresholds are needed.
We think separate R17 not-at-cell-edge thresholds (SSearchThresholdP and SSearchThresholdQ) for stationary UEs can be configured, because stationary UEs have less uncertainties in mobility than R16 low-mobility UEs. That allows more margin in when to trigger cell reselection procedure. 
Observation 3. 	Stationary UEs have less uncertainties in mobility than R16 low-mobility UEs. That allows more margin (i.e. more relaxed thresholds) in triggering cell reselections. 
In R16, low-mobility criterion and not-at-cell-edge criterion can be independently enabled/disabled. However, unlike its R16 counterpart, the R17 not-at-cell-edge criterion is configured only when relaxation for stationary UEs is configured.
Proposal 4.  	Stationary UEs can have separate R17 not-at-cell-edge thresholds. But they can be configured only when stationary relaxation criterion is configured. 
Other issues
We think R17 network can have the flexibility in configuring any combination of the following set of RRM relaxation criteria:
· R17 criterion for stationary UEs;
· R17 criterion for not-at-cell-edge stationary UEs;
· R16 criterion for low mobility UEs;
· R16 criterion for not-at-cell-edge UEs;
· R16 criteria for both low-mobility and not-at-cell-edge UEs.

Proposal 5. 	R17 network have the flexibility in configuring any combination of the R16 and R17 RRM relaxation criteria.
It is fairly straightforward to see that if a R16 criterion and a R17 criterion are configured but only one of them is met, a R17 UE should apply the relaxation method associated with the criterion that is met. The question is which criterion a R17 UE should choose to apply when UE meets both of them. We discussion this issue in the following:
If R17 stationary criterion is met and in addition:
· Only R16 low-mobility criterion is met, R17 should take higher priority as R17 stationary criterion is more stringent to met and allows more relaxations.
· Only R16 not-at-cell-edge criterion is met or both R16 low-mobility and not-at-cell-edge criteria met, it is not clear what UE’s relaxation method should be, e.g. whether UE should apply the relaxation method associated with R17 stationary criterion, or the relaxation method associated with R16 not-at-cell-edge criterion, or a new method that needs to be specified. We may need to ask RAN4 study relaxation methods for these two cases.
If R17 not-at-cell-edge criterion for stationary UE is met and in addition:
· No matter what R16 criterion UE can meet, we think UE should apply the relaxation method associated with R17 not-at-cell-edge criterion for stationary UE, because the latter can enable more relaxations for UE. 
The discussion above is summarized in the table below:
	When both R16 and R17 criteria are met
	Only R16 low-mobility criterion is configured
	Only R16 not-at-cell-edge criterion is configured
	Both R16 low-mobility and not-at-cell-edge criteria are configured

	R17 stationary criterion is configured
	Apply the relaxation method associated with R17 stationary criteria.
	Not clear what relaxation method UE should apply. FFS whether a new relaxation method should be specified for this case
	Not clear what relaxation method UE should apply. FFS whether a new relaxation method should be specified for this case

	R17 not-at-cell-edge criterion for stationary UE is configured
	Apply the relaxation method associated with R17 not-at-cell-edge criterion for stationary UE.
	Apply the relaxation method associated with R17 not-at-cell-edge criterion for stationary UE.
	Apply the relaxation method associated with R17 not-at-cell-edge criterion for stationary UE.


Proposal 6.	R17 UE applies the following rules if it meets both R17 and R16 relaxation criteria:
· If UE meets both R17 stationary criterion and R16 low-mobility criterion, UE applies the relaxation method associated with R17 stationary criterion.
· If UE meets R17 not-at-cell-edge criterion for stationary UEs, then regardless of which R16 relaxation criterion/criteria UE meets, UE applies the relaxation method associated with R17 not-at-cell-edge criterion for stationary UEs.
Proposal 7.	Ask RAN4 to study relaxation method for the case when both R17 stationary criterion and R16 not-at-cell-edge criterion (either with or without R16 low-mobility) are met.  
RedCap UEs may have different number of Rx branches. This implies that even if two RedCap UEs have exactly the same link quality, they would have different S measures. Therefore, RedCap UEs with different Rx branches (e.g. 1x vs 2x vs 4x) should apply different values of the thresholds used in RRM relaxation criteria.  
Proposal 8. 	UEs with different number of Rx branches should apply different values (e.g. offsets) to the thresholds used in both R17 and R16 RRM relaxation criteria.
Lastly, RRM relaxation criteria that we have discussed in this paper depend only on UE’s mobility status (stationary or not) and location. None of them is specifically tied to UE’s capability (reduced or not). Therefore, we believe the proposed enhancements should be applicable to any UEs, not just RedCap UEs. The only difference between RedCap and non-RedCap UEs that we need to address is they need different values of thresholds, for the same reason explained above for Proposal 7. 
Proposal 9. 	R17 RRM relaxations are also applicable to R17 non-RedCap UEs.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Measurement based criteria for stationarity
Proposal 1. 	As a baseline, measurement-based stationary criterion can use the same algorithm as the one in R16 low-mobility criterion but a different set of thresholds.
Observation 1.	Criterion based on beam change count may falsely block a truly stationary UE from triggering RRM relaxation.
Observation 2.	Doppler shift is a robust method for determining UE’s mobility, and it is readily available because all NR UEs measure it to determine QCL type of their TCI states.
Proposal 2.	If there are still interests in including beam based criteria in determining UE’s stationarity, use Doppler shifts instead of beam change counts, e.g. a UE is considered stationary if Doppler shift of the N best beams from its serving cell are below a threshold for the last K rounds of measurement. 
Relaxations in RRC Idle/Inactive
Observation 3. 	Stationary UEs have less uncertainties in mobility than R16 low-mobility UEs. That allows more margin (i.e. more relaxed thresholds) in triggering cell reselections. 
Proposal 4.  	Stationary UEs can have separate R17 not-at-cell-edge thresholds. But they can be configured only when stationary relaxation criterion is configured. 
Other issues
Proposal 5. 	R17 network have the flexibility in configuring any combination of the R16 and R17 RRM relaxation criteria.
Proposal 6.	R17 UE applies the following rules if it meets both R17 and R16 relaxation criteria:
· If UE meets both R17 stationary criterion and R16 low-mobility criterion, UE applies the relaxation method associated with R17 stationary criterion.
· If UE meets R17 not-at-cell-edge criterion for stationary UEs, then regardless of which R16 relaxation criterion/criteria UE meets, UE applies the relaxation method associated with R17 not-at-cell-edge criterion for stationary UEs.
Proposal 7.	Ask RAN4 to study relaxation method for the case when both R17 stationary criterion and R16 not-at-cell-edge criterion (either with or without R16 low-mobility) are met.  
Proposal 8. 	UEs with different number of Rx branches should apply different values (e.g. offsets) of the thresholds used in RRM relaxation criteria.
Proposal 9. 	R17 RRM relaxations are also applicable to R17 non-RedCap UEs.
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