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1	Introduction
The RedCap WID includes the following objective:
	· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:
· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]
· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.
· Specify UE requirements for RRM measurement relaxation [RAN4]
· No RRM measurement relaxations are specified for the serving cell.  



Many parts of the objective have been addressed. There are still some details to agree on, e.g., regarding signalling for enabling/disabling measurement relaxation. In this paper we present a practical solution.
[bookmark: _Ref178064866]2	Discussion
First, we discuss open issues for IDLE/INACTIVE mode relaxation.
2.2	IDLE/INACTIVE mode
RAN2 agreements in RAN2#114 state that there is no more work needed in RAN2 on a stationary criterion for RRM relaxation in IDLE/INACTIVE:
Agreements via email - from offline 111:
1. Reuse R16 low mobility criterion, as part or whole of Rel-17 stationary criterion in RRC_IDLE/INACTIVE. When NW configures both Rel-17 stationary criterion and Rel-16 low mobility criterion, NW configures different Rel-17 thresholds (i.e., SSearchDeltaP_stationary/TSearchDeltaP_stationary) from Rel-16 (SSearchDeltaP / TSearchDeltaP). How to configure the criterion (e.g. more stringent) is left to NW implementation (i.e. no specification impact to RAN2).  

In RAN2#115 it is agreed to define a Rel-17 cell-edge-criterion, which is only valid if a stationary criterion is configured:
Agreements:
1. Introduce separate Rel-17 not-at-cell-edge threshold, and the new threshold is only associated with Rel-17 stationary criterion (if configured). If configured with a not-at-cell-edge criterion, the R17 stationary criterion can only be configured together with the R17 not-at-cell-edge criterion, not with the R16 one

In Rel-16 it is possible to use the combined criteria, if configured, to introduce even further relaxation:
combineRelaxedMeasCondition
When both lowMobilityEvalutation and cellEdgeEvalutation criteria are present in SIB2, this parameter configures the UE to fulfil both criteria in order to relax measurement requirements for cell reselection. If the field is absent, the UE is allowed to relax measurement requirements for cell reselection when either or both of the criteria are met. (See TS 38.304 [20], clause 5.2.4.9.0)
Since this will be possible also in Rel-17, it may be a good idea to discuss if such a parameter is needed and if it is defined, how much relaxation would be available then. Since the existing configurations already enable a large range of relaxation and it’s unclear if additional power saving is possible, introducing a combined criteria is not needed. 
[bookmark: _Toc85726124]There is no need for a combineRelaxedMeasCondition-17. 

To determine how to implement the two pairs of criteria, let’s look at how the current specification is structured. If we simplify, the Rel-16 RRM relaxation mechanism basically says:
	If Rel-16 low mobility criteria is configured and fulfilled:
	UE may do Rel-16 "low mobility" relaxation

If Rel-16 cell edge criteria is configured and fulfilled:
	UE may do Rel-16 "not at cell edge" relaxation

If Rel-16 low mobility criteria is configured and fulfilled, and
If Rel-16 cell edge criteria is configured and fulfilled:
	UE may do Rel-16 "low-mobility and not at cell edge" relaxation.



If we add new Rel-17 thresholds for low mobility (a.k.a. "stationary"). The simplest approach we can think of is to add a new Rel-17 version of the yellow statements, but now refer to a Rel-17 thresholds. Something like the following red words:
	If Rel-16 low mobility criteria is configured and fulfilled:
	UE may do Rel-16 "low mobility" relaxation

If Rel-17 low mobility criteria is configured and fulfilled:
	UE may do Rel-17 "low mobility" relaxation


If Rel-17 mobility criteria and cell edge criteria are configured and cell edge criterion is fulfilled:
	UE may do Rel-17 " not at cell edge" relaxation:

If Rel-16 cell edge criteria is configured and fulfilled:
	UE may do Rel-16 "not at cell edge" relaxation

If Rel-16 low mobility criteria is configured and fulfilled, and
If Rel-16 cell edge criteria is configured and fulfilled:
	UE may do Rel-16 "low-mobility and not at cell edge" relaxation.



It should be noted that in 38.304 it says that the "UE may do" some certain relaxations. By just adding the new (red) text, it would be possible for the UE to do the Rel-17 relaxation. RAN2 does not need to specify complex rules of what happens if the Rel-17 criteria is fulfilled while Rel-16 is not, and vice versa. Instead, it can be left for UE implementation.
[bookmark: _Toc85726125]The Rel-17 criteria tells when the UE "may" apply the Rel-17 relaxation. There is no need to specify complex rules saying what the UE does when Rel-16 criteria are fulfilled and Rel-17 are not, etc. 


2.2	CONNECTED mode
For RRC_CONNECTED to following was agreed in RAN2#115: 
Agreements via email - from offline 110:
1. Do not introduce beam change based criterion in Rel-17.
2. The network provides the configuration of stationarity criterion to the UE via dedicated signalling (e.g. RRCReconfiguration message) in RRC_CONNECTED.

Agreements:
1. Do not introduce nor reuse not-at-cell-edge threshold for R17 RRC_CONNECTED UEs.

RAN2#114 agreed to add a UE to network report for RRM measurement relaxation in CONNECTED mode:
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)

The discussions continued in more detail during RAN2#115 without reaching agreements on 2 issues, namely:
- How to report whether the stationarity criterion is met or not by the UE in RRC_CONNECTED?
- Should broadcast signalling be supported for configuring the UE in RRC_CONNECTED with a stationarity criterion?
For the first issue there are two proposals. The first proposal is that when the UE fulfils stationary criteria a UE Assistance information message is sent to the network allowing the network to act upon reception of the UAI message. The second proposal comprises a potential redesign of the existing RRM measurement framework so that relaxation is defined as a measurement event.
For issue 2 it makes sense to allow broadcast configuration also in connected mode. 
[bookmark: _Toc85726126]Support broadcast signalling for configuring the UE in RRC_CONNECTED with a stationary criterion 

2.2.1	How to send the report?
Two different options have been discussed in the previous meeting, namely using UE assistance information or updating the RRM measurement framework.
Using UE assistance information provides a straightforward and confined procedure for how a device can inform the gNB of status. The UAI fits perfectly with how RRM relaxation works in that the UE may react after the gNB permits the UE to do so. Using UAI is future proof as another function for UAI can always be added, e.g. similar indications for different functions in LTE such as the power preference indication.
A text proposal for how to implement the UAI in 38.331 is provided.
An update of the RRM measurement framework includes a number of unknowns. To begin with, the advantages of redesigning the measurement framework is unclear, i.e. will this result in better performance, aka lower power consumption? What content should be included in this message? 
Defining a new message with corresponding event will create more work than to use the UE assistance information. RAN2 should only define a new message in case there would be some reason why we cannot reuse the UE assistance information message. So far, we have not identified any reason why we cannot use the UE assistance information message, hence that is our assumption, and proposal:
[bookmark: _Toc85726127]For CONNECTED mode RRM measurement relaxation report, the report is sent in the UE assistance information.
[bookmark: _Toc85726128]Implement the UAI using the attached text proposals for 38.331 as baseline.

2.2.2	When to report?
We don’t want the UE to send the report too frequently. There would be no reason for the UE to send the report more than one time per connection to a cell (except if the UE first reports fulfillment, and later unfulfillment). We need to define some behaviour for how this is realized. Two approaches can be foreseen:
A. Prohibit timer
B. Send report on fulfillment, and never again until unfulfillment 

With approach A, a prohibit timer ensures that the UE cannot send another report until after a time T has passed. A prohibit timer approach could work, assuming that the UE can "by-pass" the prohibit timer when the UE should signal that it does no longer fulfill the relaxation-criterion. The reason is that if the UE for example starts to move, it is not acceptable that the UE waits with informing the network that it no longer is stationary. The relaxation must be stopped quickly since otherwise network performance could be degraded and the UE may experience failures, e.g. RLF.
With approach B, the UE sends the "fulfillment report" to the network, after which the UE cannot send another "fulfillment report" until the UE has sent an "unfulfillment report". 
Either of these approaches works, RAN2 can discuss further which approach to take.
[bookmark: _Toc85441861][bookmark: _Toc85441862][bookmark: _Toc85441863][bookmark: _Toc85441864][bookmark: _Toc85441865][bookmark: _Toc85441866][bookmark: _Toc85441867][bookmark: _Toc85441868][bookmark: _Toc85441869][bookmark: _Toc85441870][bookmark: _Toc85441871][bookmark: _Toc85441872][bookmark: _Toc85441873][bookmark: _Toc85441874][bookmark: _Toc85441875][bookmark: _Toc85441876][bookmark: _Toc85441877][bookmark: _Toc85726129]Introduce a procedure with a prohibit timer that ensures that the UE does not send another report claiming to be stationary while the timer is running or some other criterion applies.
2.2.3	How is relaxation realized?
The last main open issue (on a stage-2 level) is how the RRM measurement relaxation is realized. RAN2 discussed two approaches last meeting:
1) define a new RRC measurement mode that the UE can be put in to, e.g. the network would tell the UE "please enable RRM relaxation".
2) rely on network configuration, e.g. network can configure the UE to start or stop RRM measurements

Option 2 is certainly simpler than option 1. In CONNECTED mode the network has full control of the UE's RRM measurement configuration and can easily configure a longer reporting periodicity, remove some frequencies, etc. All this works already with current specification.
It would of course be possible that RAN2 adds a new state which the UE is put in to for RRM relaxation. But we think that there is significant amount of extra work for RAN2 to go ahead with this approach. Not only would we need to define these states, but also control mechanisms for how to move in/out of these states. Which measurements can be relaxed, how that relaxation would be performed, etc.
It will by far increase the complexity of the feature if we are going to attempt to specify this new RRC state. Companies can of course argue that adding a new state is simple and the gains are huge. But it will never be simpler than relying on current mechanisms, and the gains beyond existing procedures have not been shown. As has been discussed before, the UE cannot know the reason for why a particular RRM measurement is configured, e.g. is it for the sake of mobility or is it for the sake of load balancing, etc.?
[bookmark: _Toc79076791][bookmark: _Toc85726130]RAN2 relies on the current RRM measurement framework to enable/disable RRM measurement relaxation.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	There is no need for a combineRelaxedMeasCondition-17.
Proposal 2	The Rel-17 criteria tells when the UE "may" apply the Rel-17 relaxation. There is no need to specify complex rules saying what the UE does when Rel-16 criteria are fulfilled and Rel-17 are not, etc.
Proposal 3	Support broadcast signalling for configuring the UE in RRC_CONNECTED with a stationary criterion
Proposal 4	For CONNECTED mode RRM measurement relaxation report, the report is sent in the UE assistance information.
Proposal 5	Implement the UAI using the attached text proposals for 38.331 as baseline.
Proposal 6	Introduce a procedure with a prohibit timer that ensures that the UE does not send another report claiming to be stationary while the timer is running or some other criterion applies.
Proposal 7	RAN2 relies on the current RRM measurement framework to enable/disable RRM measurement relaxation.
[bookmark: _In-sequence_SDU_delivery] 
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[……..]
[bookmark: _Toc60776965][bookmark: _Toc68014905]5.7.4	UE Assistance Information
[bookmark: _Toc60776966][bookmark: _Toc68014906]5.7.4.1	General


Figure 5.7.4.1-1: UE Assistance Information
The purpose of this procedure is for the UE to inform the network of:
-	its delay budget report carrying desired increment/decrement in the connected mode DRX cycle length, or;
-	its overheating assistance information, or;
-	its IDC assistance information, or;
-	its preference on DRX parameters for power saving, or;
-	its preference on the maximum aggregated bandwidth for power saving, or;
-	its preference on the maximum number of secondary component carriers for power saving, or;
-	its preference on the maximum number of MIMO layers for power saving, or;
-	its preference on the minimum scheduling offset for cross-slot scheduling for power saving, or;
-	its preference on the RRC state, or;
-	configured grant assistance information for NR sidelink communication, or;
-	its preference in being provisioned with reference time information, or
-	the RRM relaxation criteria fulfilment has changed.

[………..]
[bookmark: _Toc60776967][bookmark: _Toc68014907]5.7.4.2	Initiation
[………..]
A UE capable of providing an indication of its preference in being provisioned with reference time information may initiate the procedure upon being configured to provide this indication, or if it was configured to provide this indication and upon change of its preference.
A UE capable of providing an indication of fulfilment of the RRM relaxation criteria in connected mode initiates the procedure upon fulfilling the criteria for connected mode RRM relaxation, and upon no longer fulfilling the criteria for connected mode RRM relaxation indication.
Upon initiating the procedure, the UE shall:
1>	if configured to provide delay budget report:
[………….]
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide preference in being provisioned with reference time information;
1>	if configured to send indications of the RRM relaxation criteria fulfilment:
2>	when the criteria in 5.7.4.x has been fulfilled a time timeToTriggerRRM-Relax:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to indicate that the criteria for RRM relaxation for connected mode is fulfilled;
2>	when the criteria in 5.7.4.x has been unfulfilled a time timeToTriggerRRM-Relax:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to indicate that the criteria for RRM relaxation for connected mode is no longer fulfilled.
[bookmark: _Toc60776968][bookmark: _Toc68014908]5.7.4.3	Actions related to transmission of UEAssistanceInformation message
[……….]
1>	if transmission of the UEAssistanceInformation message is initiated to provide an indication of preference in being provisioned with reference time information according to 5.7.4.2 or 5.3.5.3:
2>	if the UE has a preference in being provisioned with reference time information:
3>	set referenceTimeInfoPreference to true;
2>	else:
3>	set referenceTimeInfoPreference to false;
1>	if transmission of the UEAssistanceInformation message is initiated to provide an indication about whether the criteria for RRM relaxation for connected mode is fulfilled or not fulfilled:
2>	if the RRM relaxation criteria in X is fulfilled:
3>	set the rrmRelaxationFulfillment to true;
2> else:
3>	set the rrmRelaxationFulfillment to false.
The UE shall set the contents of the UEAssistanceInformation message for configured grant assistance information for NR sidelink communication:
[……]
2>	set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 of the SCG the UE prefers to be temporarily configured in uplink;
5.7.4.x	RRM relaxation criteria
· criteria A.
[bookmark: _Toc60776970][bookmark: _Toc68014910]5.7.4a	Void
[……]
UEAssistanceInformation message
-- ASN1START
-- TAG-UEASSISTANCEINFORMATION-START

UEAssistanceInformation ::=         SEQUENCE {
    criticalExtensions                  CHOICE {
        ueAssistanceInformation             UEAssistanceInformation-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}
[……..]
UEAssistanceInformation-v1610-IEs ::= SEQUENCE {
    idc-Assistance-r16                  IDC-Assistance-r16                  OPTIONAL,
    drx-Preference-r16                  DRX-Preference-r16                  OPTIONAL,
    maxBW-Preference-r16                MaxBW-Preference-r16                OPTIONAL,
    maxCC-Preference-r16                MaxCC-Preference-r16                OPTIONAL,
    maxMIMO-LayerPreference-r16         MaxMIMO-LayerPreference-r16         OPTIONAL,
    minSchedulingOffsetPreference-r16   MinSchedulingOffsetPreference-r16   OPTIONAL,
    releasePreference-r16               ReleasePreference-r16               OPTIONAL,
    sl-UE-AssistanceInformationNR-r16   SL-UE-AssistanceInformationNR-r16   OPTIONAL,
    referenceTimeInfoPreference-r16     BOOLEAN                             OPTIONAL,
    nonCriticalExtension                UEAssistanceInformation-v17xx-IEs	OPTIONAL

UEAssistanceInformation-v1610-IEs ::= SEQUENCE {
    rrmRelaxationAssistance-r17			RRMRelaxationAssistance-r17			OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}
[…..]
ReducedMaxCCs-r16 ::=               SEQUENCE {
    reducedCCsDL-r16                    INTEGER (0..31),
    reducedCCsUL-r16                    INTEGER (0..31)
}

RRMRelaxationAssistance-r17 ::=		SEQUENCE {
	rrmRelaxationFulfillment-r17		BOOLEAN
}
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