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1. Introduction
In RAN4 #94bis-e meeting, one way forward on RRM power saving was approved[1], and we still have some open issues to discuss in this meeting. In this contribution, we discuss the those open issues in the approved wayforward[1]. 

	· Fixed scaling factor of measurement interval is used for scenario#1 and scenario#2
· FFS the same value is used for scenario#1 and scenario#2
· Option 1: the same value (Nokia, CATT, vivo, MTK, Qualcomm, CMCC, ZTE)
· Option 1: 2 times (CMCC, ZTE)
· Option 2: 4 times (Nokia, CATT, MTK, vivo, Qualcomm, NEC)
· Option 2: different value (Nokia, CATT, Ericsson, CMCC)
· 4 times for scenario#1 and 2 times scenario#2 (Ericsson, Nokia, CATT, CMCC, NEC)
· The scaling factor of RRM measurement relaxation with longer intervals shall apply to Tdetect, Tevaluate, and Tmeasure.
· The time interval for measurement relaxation since last measurement for cell reselection for scenario#3 (Low mobility and Not in cell-edge scenario) is 1 hour
· When network configures the parameters of both low mobility and not-at-cell-edge criteria,
· If network indicates option a,  
· the relaxation method corresponding to scenario #3 when both relaxation criteria have been fulfilled
· If network indicates option b,
· the relaxation method corresponding to scenario #1 when only low mobility criteria is fulfilled
· the relaxation method corresponding to scenario #2 when only not-at-cell-edge criteria is met.
· FFS the relaxation method corresponding to scenario #3 when both relaxation criteria have been fulfilled
· RRM measurement relaxation for inter-frequency layer with higher priority
· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ,  no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 
· The agreement is only applicable when condition of scenario 2 is fulfilled and condition of scenario 1 is not fulfilled or not configured.
· UE can stop both equal/low priority and high priority inter-freq/inter-RAT measurements in scenario 3. 
· When Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the relaxed requirement for the frequency layer of higher priority shall use the same  relaxed measurement requirement as those for the frequency layer of equal/lower priority.
· FFS the measurement relaxation method for higher priority carriers or equal/lower priority carriers applies to inter-RAT carrier with higher priority or equal/lower priority.
· RRM measurement relaxation by reducing the number of frequency layer to be measured
· No consensus to introduce the RRM measurement relaxation by reducing the number of frequency layer. 
· No further discussion in RAN4.
· Transition period requirement
· Option 1: (MTK, Apple, CATT)
· When the intra/inter-frequency measurement transitions between any of two scenarios during one cell-reselection or measurement period, the cell re-selection or measurement requirements shall be the maximum of corresponding to the first mode before transition and the second mode after transition.
· Option 2: (Ericsson, Qualcomm, Nokia, NEC)
· When switching from scenario #1 or #2 to scenario #3, the UE shall fulfil the requirements corresponding to scenario #1 or #2 for N DRX cycles and thereafter switch to requirements corresponding to scenario #3
· When switching from scenario #3 to scenario #1 or #2, the UE shall fulfil the requirements corresponding to scenario #1 or #2 upon fulfilling the switching criteria. 
· When switching from normal mode to scenario #1/#2/#3, the UE shall fulfil the requirements corresponding to normal mode for N DRX cycles and thereafter switch to requirements corresponding to scenario #1/#2/#3
· When switching from scenario #1/#2/#3 to normal mode, the UE shall fulfil the requirements corresponding to normal mode upon fulfilling the switching criteria.
· Option 3: (vivo)
· Define transition requirement between normal mode to relaxed mode (scenario 1/2/3) and vice versa
· Not define transition period between scenario 1/2 and 3 and vice versa
· FFS the triggering RRM relaxation mode
· FFS the threshold mismatch between not at cell edge condition and cell centre condition
· Not to introduce idle mode measurement accuracy requirements
· EMR impact in power saving mode
· Option 1: Measurements on EMR carriers should not be relaxed if T331 is running. (LGE, Nokia, CATT, Qualcomm, Ericsson, Apple, CMCC, NEC)
· Option 2: Measurements on EMR carriers shall be relaxedif T331 is running (vivo, MTK, Huawei)
· RRM measurement relaxation threshold for inter-frequency measurement
· Option 1: It is up to RAN2’s decision on whether to introduce carrier specific threshold for inter-frequency measurement relaxation. (Apple, CATT, CMCC, Huawei, Ericsson, Qualcomm, NEC)
· Option 2:  Introduce carrier specific search thresholds for measurement relaxation. (LGE, Nokia, vivo)
· Companies are encourage to provide analysis of performance impact due to measurement relaxation.
· RRM impact due to cross-slot scheduling power saving technique
· Option 1: no RRM impact (Ericsson)
· Option 2: RAN1 will resolve the issue in RAN1 spec (CATT, vivo, MTK, Qualcomm, Huawei)
· Agreement: no further discussion in RAN4.






2. Scaling factor of measurement interval is used for scenario#1 and scenario#2
The UE power saving gain for scenarios #1 and #2 is more important than the measurement activities. Regarding scenario #1, the serving cell measurement can directly tell the UE status transition between “not at cell edge” or  “at cell edge” even with a high mobility on time and UE can go back to normal status when it found the scenario #1 criteria is not fulfilled, and therefore it will not hurt UE too much by using large neighbor cell measurement interval during power saving mode. On scenario #2, UE perform the evaluation on serving cell within a window length TSearchDeltaP without any relaxation, the longer measurement interval on neighbor cell will not hurt UE mobility too much because UE can quickly change its status based on the serving cell evaluation. Moreover, the same fixed scaling factor will simplify the UE measurement scheduling in power saving mode.
Proposal 1: The same scaling factor for measurement interval shall be used for scenario#1 and scenario#2, which is 4 times.
3. UE behaviour if network configures lowMobilityOrNotAtCellEdge (option b)
If network indicates lowMobilityOrNotAtCellEdge (option b) but UE can meet the two criteria as scenario #3, the definition is TS38.304 is as below,
	When:
-	The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after (re-)selecting a new cell; and,
-	if relaxedMeasCondition is configured and set to lowMobilityAndNotAtCellEdge,
-	the relaxed measurement criterion in clause 5.2.4.9.1 is fulfilled for a period of TSearchDeltaP and, the criterion in clause 5.2.4.9.2 is fulfilled;
-	otherwise,
-	the relaxed measurement criterion in clause 5.2.4.9.1 is fulfilled for a period of TSearchDeltaP; or, the criterion in clause 5.2.4.9.2 is fulfilled.
Editor's Note: FFS whether the configuration for relaxed measuremnt is a constant value for all relevant frequencies or a per-frequency configured value.
Editor's Note: FFS whether detailed methods for relaxed measurements is captured in TS 38.133.
Editor's Note: FFS on RAN4 - if and what parameters we need (e.g. time interval for measurement relaxation since last measurement for cell reselection and the value range for the time interval).
Editor's Note: FFS on the UE behaviour if T330 is running.



In the TS38.304, we didn’t see RAN2 has conclusion that option b means UE can only follow one criterion. Whether the criteria can be met or not depends on the UE status and channel condition rather than the configuration of network. If the network configures option b to UE, it will make UE easier to enter the power saving mode, and therefore in other word, we may understand it as “mobility sensitivity is not so high compared with power saving gain”, otherwise network should configure option a to UE if the mobility sensitivity is high. Thus, we propose that if network indicates option b, the relaxation method corresponding to scenario #3 shall apply when both relaxation criteria have been fulfilled, i.e., 1 hour time interval for measurement relaxation since last measurement for cell reselection.  
Proposal 2: If network indicates option b, the relaxation method corresponding to scenario #3 shall apply when both relaxation criteria have been fulfilled.
4. Inter-RAT measurement with higher priority
In TS38.304, the inter-RAT measurement with higher/equal/lower priority is specified together with the inter-frequency with higher/equal/lower priority, as duplicated as below,
	[bookmark: _Toc534930842][bookmark: _Toc37298564]5.2.4.9.0	Relaxed measurement rules
When the UE is required to perform measurements of intra-frequency or NR inter-frequencies or inter-RAT frequency cells according to the measurement rules in clause 5.2.4.2, the UE may choose to perform relaxed measurements [FFS according to TS 38.133 [8]]
-	for measurements of intra-frequency, NR inter-frequencies of equal or lower priority, and inter-RAT frequency cells of equal or lower priority; or,
-	for measurements of NR inter-frequencies or inter-RAT frequency cells of higher priority, if highPriorityRelax is configured with value true,



Moreover, the single parameter of highPriorityRelax is also designed for both intra-frequency and inter-RAT measurement with higher priority and in TS38.133 the legacy measurement is also designed in a generic manner for the inter-frequency and inter-RAT higher priority measurement when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ.

Proposal 3: the measurement relaxation method for higher priority carriers or equal/lower priority carriers applies to inter-RAT carrier with higher priority or equal/lower priority.

5. Transition period requirement
After checking the following two options, we believe some trade-off could be made between those two options to specify a reasonable rule for requirement design.
· Option 1: (MTK, Apple, CATT)
· When the intra/inter-frequency measurement transitions between any of two scenarios during one cell-reselection or measurement period, the cell re-selection or measurement requirements shall be the maximum of corresponding to the first mode before transition and the second mode after transition.
· Option 2: (Ericsson, Qualcomm, Nokia, NEC)
· When switching from scenario #1 or #2 to scenario #3, the UE shall fulfil the requirements corresponding to scenario #1 or #2 for N DRX cycles and thereafter switch to requirements corresponding to scenario #3
· When switching from scenario #3 to scenario #1 or #2, the UE shall fulfil the requirements corresponding to scenario #1 or #2 upon fulfilling the switching criteria. 
· When switching from normal mode to scenario #1/#2/#3, the UE shall fulfil the requirements corresponding to normal mode for N DRX cycles and thereafter switch to requirements corresponding to scenario #1/#2/#3
· When switching from scenario #1/#2/#3 to normal mode, the UE shall fulfil the requirements corresponding to normal mode upon fulfilling the switching criteria.

When switching from scenario #1 or #2 to scenario #3 or switching from normal mode to scenario #1/#2/#3, it can be treated similarly as from a tight condition to a relax condition. Since the mobility measurement demand in a relax condition is not so urgent or critical compared with the prior tight condition and anyway UE has entered a relax condition for mobility measurement, that means we can only use the relax requirement after transition for simplicity and meanwhile we didn’t see any serious impact for mobility performance with this rule.
However, when switching from scenario #3 to scenario #1 or #2 or switching from scenario #1/#2/#3 to normal mode, it’s like a transition from a relax condition to a tight condition, in other word, the mobility measurement is more critical after this transition. In this case, if we use the relax requirement for the whole procedure, including both parts before and after transition, it will impact the mobility performance to the UE and network after the transition. Thus, in this case, we propose to define requirement based on the tight condition immediately after transition. 
Proposal 4: we propose a new option 4 for transition period requirement:
· When switching from scenario #1 or #2 to scenario #3, the UE shall fulfil the requirements corresponding to scenario #3.
· When switching from scenario #3 to scenario #1 or #2, the UE shall fulfil the requirements corresponding to scenario #1 or #2 upon fulfilling the switching criteria. 
· When switching from normal mode to scenario #1/#2/#3, the UE shall fulfil the requirements corresponding to scenario #1/#2/#3
· When switching from scenario #1/#2/#3 to normal mode, the UE shall fulfil the requirements corresponding to normal mode upon fulfilling the switching criteria.
6. Triggering RRM relaxation mode
In our understanding, the serving cell measurement is not relaxed in this WI, so that means anyway UE will have the serving cell measurement result every e.g. M1*N1*DRX_cycle. Since we also have transition from power saving mode to normal mode which means UE has higher mobility and/or UE approaches the cell edge and mobility measurement becomes more important than power saving, it is necessary to let UE response to this change as soon as possible. If the transition is from normal mode to power saving mode, that means the criteria is checked during the UE normal mode, and therefore this evaluation could be conducted as often as serving cell measurement without any additional power consumption.
In brief, since evaluation is based on the serving cell measurement, but the serving cell is not relaxed in this WI, so matching the evaluation speed to the serving cell measurement speed will not cause impact to UE from either power consumption perspective or complexity perspective.
Proposal 5: The evaluation of RRM relaxation criteria can be as often as every legacy serving cell measurement period.
7. Threshold mismatch between not at cell edge condition and cell centre condition
During the discussion in last meeting, the threshold mismatch issue has been disclosed by some companies, and some tentative agreement was temporary captured in a draft WF as,
	Threshold mismatch between not at cell edge condition and cell centre condition
–    The “looser” requirement (no requirement) is applied when the threshold configured for not-in-cell-edge condition is higher than that for cell center condition and both threshold conditions are fulfilled. UE will not do neighbor cell measurement.



The not-at-cell-edge criterion is defined based on “SSearchThresholdP” and “SSearchThresholdQ”, and as long as current Srxlev/ Squal value of the serving cell can be greater than the correspodning thresholds, the UE can judge that it is in “not-at-cell-edge” mode. However, the “cell center condition” in last meeting is unclear. For inter-frequency measurement, companies used “SnonIntraSearchP” and “SnonIntraSearchQ” as threshold to decide if UE is in cell center or not. In the approved LS (R4- R4-2005331), we agreed that,
	- When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ:
· No relaxation measurements on higher priority carriers further than Thigher_priority_search is expected, when the criteria of low mobility is not configured or not fulfilled.
· RAN4’s assumption is that criteria of not in cell edge must be fulfilled in this scenario;
· UE can stop both equal/low priority and high priority inter-freq/inter-RAT measurements, when criteria of low mobility and not in cell edge are both fulfilled.



It means the “SnonIntraSearchP” and “SnonIntraSearchQ” shall be higher than “SSearchThresholdP” and “SSearchThresholdQ” in a reasonable network configuration. However, besides the threshold for inter-frequency measurement triggering, we also have the thresholds for the intra-frequency measurement triggering, i.e., “SIntraSearchP” and “SIntraSearchQ”. The UE behavior is defined in TS38.304 as,
	-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.


So these threshold of “SIntraSearchP” and “SIntraSearchQ” can also be considered as cell center condition.
	“SIntraSearchP”  > “SSearchThresholdP”  and
 “SIntraSearchQ” > “SSearchThresholdQ” 
	“SIntraSearchP” ≤ “SSearchThresholdP”  or
 “SIntraSearchQ” ≤ “SSearchThresholdQ”
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Without low mobility condition, it’s very obvious from the above illustration that: if “SIntraSearchP” ≤ “SSearchThresholdP” or “SIntraSearchQ” ≤ “SSearchThresholdQ”, there is no chance for UE to perform intra-frequency measurement with relaxation. So similar as for inter-frequency measurement, we also need to add such clarification for requirement applicability for intra-frequency measurement as well in power saving.

Proposal 6: 
RAN4 not specify intra-frequency requirement when the threshold configured for not-at-cell-edge condition is higher than that for cell center condition of “SIntraSearchP” or “SIntraSearchQ”.
RAN4 not specify inter-frequency requirement when the threshold configured for not-at-cell-edge condition is higher than that for cell center condition of “SnonIntraSearchP” or “SnonIntraSearchQ”.

8. EMR impact in power saving mode
When EMR is configured and T331 is running, it shall be treated as a special case and network would have different expectation for UE in this scenario (measurement speed is expected to be more important than power saving). We share the same view with majority companies as in last meeting. We propose that,

Proposal 7: Measurements on EMR carriers should not be relaxed if T331 is running.

9. Carrier specific search thresholds for measurement relaxation
In TS38.304 there is an editor notes as below, and RAN2 will continue to work on this issue.
	Editor's Note: FFS whether the configuration for relaxed measuremnt is a constant value for all relevant frequencies or a per-frequency configured value.



In last RAN2 #109bis-e meeting, it has been agreed in R2-2003804 that,
Agreements
1	Global configuration of relaxation triggers is kept. No change is needed to the current specifications from this aspect.  Differentiation of scenarios can be done via the high priority frequency indication framework and no further behaviour is expected to be specified.

So it’s no need to introduce carrier specific threshold for inter-frequency measurement relaxation.

Proposal 8: No need to introduce carrier specific threshold for inter-frequency measurement relaxation.

10. Conclusion
In this contribution, we discuss the those open issues in the approved wayforward[1].

Proposal 1: The same scaling factor for measurement interval shall be used for scenario#1 and scenario#2, which is 4 times.
Proposal 2: If network indicates option b, the relaxation method corresponding to scenario #3 shall apply when both relaxation criteria have been fulfilled.
Proposal 3: the measurement relaxation method for higher priority carriers or equal/lower priority carriers applies to inter-RAT carrier with higher priority or equal/lower priority.

Proposal 4: we propose a new option 4 for transition period requirement:
· When switching from scenario #1 or #2 to scenario #3, the UE shall fulfil the requirements corresponding to scenario #3.
· When switching from scenario #3 to scenario #1 or #2, the UE shall fulfil the requirements corresponding to scenario #1 or #2 upon fulfilling the switching criteria. 
· When switching from normal mode to scenario #1/#2/#3, the UE shall fulfil the requirements corresponding to scenario #1/#2/#3
· When switching from scenario #1/#2/#3 to normal mode, the UE shall fulfil the requirements corresponding to normal mode upon fulfilling the switching criteria.

Proposal 5: The evaluation of RRM relaxation criteria can be as often as every legacy serving cell measurement period.
Proposal 6: 
RAN4 not specify intra-frequency requirement when the threshold configured for not-at-cell-edge condition is higher than that for cell center condition of “SIntraSearchP” or “SIntraSearchQ”.
RAN4 not specify inter-frequency requirement when the threshold configured for not-at-cell-edge condition is higher than that for cell center condition of “SnonIntraSearchP” or “SnonIntraSearchQ”.
Proposal 7: Measurements on EMR carriers should not be relaxed if T331 is running.
Proposal 8: No need to introduce carrier specific threshold for inter-frequency measurement relaxation.
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