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1 Introduction

In the WID [1] it is specified that RAN2 should study the RRM relaxations criteria based on the alternatives identified in the RedCap SI for RRM relaxations for neighbouring cells.
	· 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.
Notes:

· Power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 


This contribution will discuss the RRM relaxations criteria.
2 Discussion
As the WID specified, for RRC connected, the mechanism reuses the Rel-16 RRM relaxation criteria from RRC_Idle/inactive to maximize the commonality with idle/inactive UEs, so we should firstly discuss the RRM measurement relaxation criteria. The RRM relaxation triggering mechanism for RRC connected can reuse the RRM relaxation criteria agreed for RRC_Idle/inactive.
Proposal 1: The RRM relaxation criteria for RRC idle/inactive should be discussed with higher priority, and can then be used for RRC connected.

· RRC_INACTIVE and RRC_IDLE

The alternatives identified in the SI phase for triggering neighbour cell RRM relaxation for RedCap UEs in RRC_IDLE and RRC_INACTIVE include the following:
	-
Enhancement 1: Introduce additional SsearchDeltaP_stationary threshold to support 2-level speed evaluation (i.e. stationary and low mobility), for example:

-
Stationary: (SrxlevRef – Srxlev) < SSearchDeltaP_stationary
-
Low mobility: SSearchDeltaP_stationary <= (SrxlevRef – Srxlev) < SSearchDeltaP_low_mobility
Pros:

-
From specification point of view, it is simple and straightforward enhancement based on Rel-16 mechanism.

-
It supports 2 levels speed evaluation (i.e. stationary and low mobility), so it provides flexibility of designing different RRM relaxation levels for different mobility scenarios.

Cons:

-
Unclear whether UE's mobility level can be accurately determined because channel or link (RSRP/RSRQ) may change even if UE is purely stationary, thus it may not be a reliable way to distinguish between truly stationary and low mobility UE.

-
Enhancement 2: Introduce additional TSearchDeltaP_stationary to support 2-level speed evaluation (i.e. stationary and low mobility).

Pros:

-
From specification point of view, it is simple and straightforward enhancement based on Rel-16 mechanism.

-
It supports 2 levels speed evaluation (i.e. stationary and low mobility), so it provides flexibility of designing different RRM relaxation levels for different mobility scenarios.

Cons:

-
Unclear whether UE's mobility level can be accurately determined.

Note: There can be synergies if Enhancement 1 is combined with Enhancement 2.

-
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: 

Stationary: 

-
number of beam changes < N1 or 

-
no beam change and (SrxlevRef – Srxlev) < SSearchDeltaP_stationary
Low mobility: 

-
number of beam changes < N2 or 

-
SSearchDeltaP_stationary <= (SrxlevRef – Srxlev) < SSearchDeltaP_low_mobility
Pros:

-
Using beam level measurement results can assess UE's movement more accurately than cell measurement, because UE may move among beams but without changing the cell level results.

-
Potentially good for detecting "circular motion" around base station.

Cons:

-
Unclear whether UE's mobility level can be accurately determined.

-
Beam level measurement results may fluctuate more than cell-level results, so it might cause misjudgement.

-
Enhancement 4: UE determines its stationary property based on subscription information (e.g. USIM).

Pros:

-
It is simpler and faster than evaluating the quality of serving cell.

Cons:

-
Only applicable to limited scenarios, e.g. fixed-location devices.

-
Channel or link (RSRP/RSRQ) may change (e.g. may be low) even if UE is fixed-location, RRM relaxation only depends on fixed-location information may impact the performance if the UE is located at cell edge.

-
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.

Pros:

-
Can be used to differentiate different stationary cases. E.g. stationary or stationary with rotating around itself.

Cons:

-
Covers specific use case where device is rotating around itself.

-
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.
Pros:

-
It is simpler and faster than evaluating the quality of serving cell.

-
If network can obtain the confined mobility status, network can also use this information for other purpose in addition to RRM relaxation (e.g. paging resource optimization).   

Cons:

-
Only applicable to limited scenarios, e.g. devices with confined mobility.

-
Channel or link (RSRP/RSRQ) may change for confined mobility devices, RRM relaxation may impact the performance if the UE is located at cell edge.


Considering the use cases for redcap UE include: industrial transformation and digitalization, devices in such environment include e.g. pressure sensors, humidity sensors, thermometers, motion sensors, accelerometers, actuators, etc.; Smart city innovations, e.g. surveillance cameras; wearables use case, includes smart watches, eHealth related devices, personal protection equipment (PPE), and medical monitoring devices for use in public safety applications. 
From all the uses cases we can see that, in some scenarios, the device is immobile, e.g. surveillance cameras, thermometers sensors in factory. The mobility state can be determined from the subscription information. For these devices, it is faster and accurate to evaluate the mobility state at least for some device type or use cases, especially for immobile UE. The attribute can be taken into consideration to evaluate the RRM relaxation.
Proposal 2: The subscription information (e.g. USIM) can be taken into consideration to determine the mobility property for at least some device type or use cases, especially for immobile UE.
Besides above special use cases, another enhancement solution is also needed to apply for the UE which can move. In R16, UE only evaluates the cell level measurement results to determine the RRM relaxation criteria. Considering multiple beams are introduced in NR, we can take advantage of the beam information. The beam information can make it more accurate to evaluate the mobility state of the UE. Similar mechanism has been listed in the TR i.e. Enhancement 3. 
If only the number of beam changes is taken into consideration, it may erroneously estimate a high mobility UE under one or two beams to be low mobility or stationary, so only taking the number of beam changes is not reliable enough. In order to eliminate this kind of fault, the cell level measurements quality should also be evaluated. The cell level measurements can help the UE to determine whether the distance between the UE and the gNB varies rapidly. The number of beam changes can help the UE to determine whether "circular motion" around base station occurs. So we take the R16 RRM relaxation criteria as baseline (no need to introduce a new threshold, SSearchDeltaP_low_mobility or SSearchDeltaP_stationary, as in enhancement 3), to evaluate the number of beam changes on top to determine the UE mobility status. As a result, the following Enhancement 7 should be taken into consideration for RRM relaxation criteria for RRC idle/inactive UE.
	Enhancement 7: Besides the cell level measurements, 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: 

Stationary: 

-
number of beam changes < N1 and
-
(SrxlevRef – Srxlev) < SSearchDeltaP
Low mobility: 

-
N1< number of beam changes < N2 and
-    (SrxlevRef – Srxlev) < SSearchDeltaP  


Proposal 3: Besides the cell level measurement results, the beam measurements for serving cell should also be used for evaluating the new mobility status. 

Proposal 4: When the cell level measurement satisfies the criteria of low mobility as in R16, the UE determines the mobility status to be stationary or low mobility based on the number of beam changes.
3 Conclusion
This contribution discusses RRM relaxation criteria, and we propose:
Proposal 1: The RRM relaxation criteria for RRC idle/inactive should be discussed with higher priority, and can then be used for RRC connected.

Proposal 2: The subscription information (e.g. USIM) can be taken into consideration to determine the mobility property for at least some device type or use cases, especially for immobile UE.
Proposal 3: Besides the cell level measurement results, the beam measurements for serving cell should also be used for evaluating the new mobility status. 

Proposal 4: When the cell level measurement satisfies the criteria of low mobility as in R16, the UE determines the mobility status to be stationary or low mobility based on the number of beam changes.
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