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1. Introduction

This document provides a summary of the Power Saving contributions posted at RAN2#109bis e-meeting on agenda item 6.11.6: RRM measurement relaxation [1]-[5].

An email discussion addressing identified RRM open issues so far was held before this e-meeting resulting in a three non-controversial proposals as well as one unresolved issue [7].

The contributions/proposals posted in this agenda item can be classified as addressing the following categories of issues:

1. Issues/proposals not discussed as part of the email discussion [2]p2-5, [5]
2. Issue that could not be solved during the email discussion [1], [2]p1, [3]p1-2, [6]p5

3. Issues that were solved during the email discussion [3]p3, [4], [6]p6

For category 3 issues, given the related proposals in [7] are supported by a vast majority of companies, we do not address them in this summary and only focus on contributions/proposals for above categories 1-2 issues.

2. Discussion

2.1. Frequency-specific relaxation triggers

This issue was discussed in [7] without conclusion:

The following issue could not be resolved and should be continued on-line during next e-meeting:

The configuration of the relaxation criteria is constant for all frequencies (6) or is per-frequency (or per-FR) configured (7).

Four contributions addressed this issue further:

	[1] - Sony
	Proposal: Network configures additional criteria for measuring a particular frequency. These criteria could include the detection of a particular cell or frequency (higher priority) or a timer (e.g. if UE does not find this frequency whilst the timer is running then it skips measuring this frequency)

	[2] - MediaTek Inc.
	Proposal 1: Only a single value is configured for each RRM measurement relaxation threshold, and it applies to the measurements on all neighbor frequencies.

	[3] - vivo
	Proposal 1: RRM configuration should support to configure UE to relax the measurement only on some of frequencies/FR. FFS on per frequency or per FR.

Proposal 2: Network indicates whether the UE is allowed to relax RRM measurements on each frequency/FR explicitly via “per frequency/FR indication” or implicitly via per-frequency/FR configuration for measurement relaxation.

	[6] - Ericsson
	Proposal 7: The same RRM relaxation is applied to all inter-frequencies the UE needs to measure (except Thigherprioritysearch measurements shall not be relaxed).


[1] suggests addressing the frequency-specific RRM measurement relaxation by introducing a new criterion on top of those agreed so far, where “frequencies to be measured are made conditional on the detected cell/frequency or their existence in the neighbourhood”. This is a new approach that has not been discussed so far. As a result, given the late stage of the WI, we would suggest not discussing new solutions for issues for which other simple solutions have already been discussed and are close to be converged.

[2]

 REF _Ref35859218 \r \h [3]

 REF _Ref37755000 \r \h [6] stick to the strict scope of the email discussion question i.e. whether the relaxation criteria agreed so far should be configured as global parameters commonly applied to all frequencies, or should it be per-frequency configured (or enabled/disabled). Arguments can be summarized as a complexity vs flexibility trade-off, as follows:

	Single value
	Per frequency/FR indication/configuration

	[2] - MediaTek Inc.:

It was mentioned in [1] that we may introduce carrier-specific search thresholds for measurement relaxation on inter-frequency carriers. For example, the network may configure UE to relax measurements on carrier#1 (or FR1) if serving cell RSRP drop is less than SSearchDeltaP1, and on carrier#2 (or FR2) if serving cell RSRP drop is less than SSearchDeltaP2. However, our understanding is that these thresholds consider serving cell channel conditions, and UE evaluates whether neighbor cell measurements can be relaxed. If UE is not with low mobility or at cell edge, all neighbors should be measured regardless of the carrier frequencies.

Also, in the agreed RRC CR [2], we have only one s-SearchDeltaP (for low mobility criteria), one s-SearchThresholdP and one s-SearchThresholdQ (for not-at-cell-edge criteria), as shown below. This part has to be modified if we want to introduce carrier-specific configurations, but we would prefer to avoid such complexity.

[6] Ericsson:

In case there is a need to relax FR2 measurement more compared to FR1 measurements, we think that priorities can be used, i.e. FR2 is assigned a higher priority compared to FR1.
	[3] – vivo:
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In the scenario of Figure1, Frequency 1 is the current camping frequency and measurement relaxation on Frequency 2 is not allowed. Hence, the network configures Frequency 2 with higher priority than Frequency 1 and unset the highPriorityMeasRelax indication. As a result, measurement relaxation on Frequency 2 is disabled.

We agree that option 2 is enough in some cases, e.g. the case in Figure1. However, option 2 couples the frequency priority and per frequency/FR measurement relaxation, it reduces the flexibility of network configuration. For example, the option 2 cannot disable measurement relaxation on a low priority frequency. Besides, this highPriorityMeasRelax indication is being discussed in RAN4. There may be some possibility that there is no need to introduce such indication finally. 

Compared with option2, option1a and 1b are straight forward and most clean approaches.


Rapporteur’s summary:

A global configuration is the current state of the specifications, and going to per-frequency/FR indication/configuration would increase flexibility but also complexity.

In the email discussion [7] most companies supporting a finer configuration granularity than one global configuration were also OK to limit it to per frequency range (FR1/FR2), thus also liming the complexity. And two scenarios were brought-up in contributions [3]

 REF _Ref37755000 \r \h [6], as examples differentiating RRM measurement relaxation for FR1/FR2 cells:

Scenario 1: low frequency is used for coverage purpose. RRM measurement relaxation may be only applied for high frequency cells [3]
Scenario 2: load balancing typically favoring UE to reselect spotty coverage layer (FR2) vs large cells (FR1): RRM measurement relaxation may be only applied for low frequency cells [6].

Some possible solution proposed in [6] (as well as other companies in [7]) consists in using the existing “higher priority” framework to differentiate RRM measurement relaxation of some frequencies, for example FR2 frequencies. But for [3], such approach depends on how RAN4 will address RRM measurement relaxation of higher priority frequencies, and the final impact it will have on the RAN2-defined highPriorityMeasRelax indication allowing disabling relaxation on higher priority frequencies. However, from RAN4 WF on RRM measurement relaxation for inter-frequency layer with higher priority ([8] slide 4), whatever option RAN4 decide in the end, high priority frequencies can only have less or same relaxation than equal/lower-priority cells, hence it is unclear whether it impacts the above coupling, i.e. both aim at differentiating RRM measurements of two classes of frequencies.

From the above, a possible outcome could be to 1) focus on FR1/FR2 differentiation only and 2) understand better the motivation scenarios and why they cannot be addressed by existing high-priority frequency framework.

Proposal 1: Continue the discussion in an offline focusing on:

1) FR1/FR2 differentiation only and

2) understanding better the motivation scenarios and why they cannot be addressed by existing high-priority frequency framework.

2.2. RAN4-related issues

The following contributions/proposals discuss RRM relaxation methods (not triggers), which is in RAN4 scope [8]:

	[2] - MediaTek Inc.
	Proposal 2:
The same scaling factor is used for RRM measurement relaxation with longer intervals in both low-mobility scenario and not-at-cell-edge scenario. 

Proposal 3:
The same scaling factor is used for RRM measurement relaxation with longer intervals on all neighbor frequencies.
Proposal 4:
The scaling factor RRM measurement relaxation with longer intervals is a predefined fixed value. The feasibility needs to be confirmed by RAN4.

Proposal 5:
For UE in cell center but not satisfying low-mobility criteria, the measurements on high priority frequencies are not further relaxed even when highPriorityMeasRelax is set.

	[5] - LG Electronics Inc.
	Proposal 1: UE shall not perform relaxed measurement on a given frequency when the UE is configured to perform early measurement on that frequency and T331 is running. 

Proposal 2: After T331 expiry, the UE may perform relaxed measurement on the frequency if the UE continues to perform early measurements based on implementation.


The above issues were not included in the email discussion [7] because they are already discussed in RAN4, and rapporteur suggests we should let RAN4 conclude on those.

Proposal 2: Scaling factor(s) for relaxed RRM measurements are left to RAN4 to decide.

Proposal 3: How/if higher priority frequencies RRM measurements are relaxed is left to RAN4 to decide.

Proposal 4: Whether RRM measurements relaxation is allowed on a frequency when the UE is configured to perform early measurement on that frequency and T331 is running is left to RAN4 to decide.

3. Conclusion of tdocs review
The following proposals capture the outcome suggested by the rapporteur of this summary:

Proposal 1: Continue the discussion in an offline focusing on:

1) FR1/FR2 differentiation only and

2) understanding better the motivation scenarios and why they cannot be addressed by existing high-priority frequency framework.
	Company
	Comment

	MediaTek
	We believe that a global configuration is enough for RRM measurement relaxation criteria. Is this option excluded in this proposal?

	OPPO
	We also share the view from MediaTek, and think a global configuration is enough.

	vivo
	Can I further check why we only focus on FR1/FR2 differentiation only, i.e. per-frequency/frequency group (e.g. high priority/equal/low priority) was precluded? If per-frequency range can be a possible compromise, we are OK. Otherwise, we should also discuss such options. 

	Ericsson
	In the past inter-frequency specific relaxation proposals have been discussed (to some extend), e.g. Ericsson had a “spotty frequency” proposal and CMCC a “adjacent carrier” proposal, i.e. in case the NW knows that a carrier does not provide full coverage, the UE should not be required to continue measurements when it does not detect coverage, and adjacent carriers are assumed to have similar propagation conditions, i.e. only one of them needs to be measured. Whether you agree with such proposal or not, there is some motivation and logic to the proposals. In case we continue discussing frequency/FR specific relaxation the logic and need should be better motivated, i.e. we understand you can introduce a bit indicating if relaxation is allowed or not, but why would such a bit be useful, and how would the NW set it? Similar discussion and agreement happened with higher priority relaxation, i.e. we understand that you can configure higher priority frequencies to relax or not, but we still have failed to understand what is the logic and motivation behind such configuration…

Concerning inter-frequency measurements:

· When the UE is in bad coverage conditions it is probably not a good idea to relax the measurement requirements. You can perhaps argue that the NW should try to configure the inter-frequencies in SI as good as possible, i.e. the set of frequencies configured in SI should reflect the frequencies where the UE is likely to find better coverage, i.e. good NW configuration can reduce the measurement effort. Perhaps the CMCC proposal had some merits here.

In good coverage conditions the UE is not required to measure inter-frequencies, except for higher priority layers, which are relaxed already, and which should be retained as is in our view.

	Rapporteur (CATT)
	This proposal means we narrow down the scope of this discussion to selecting amongst: 1) global configuration and 2) per frequency range configuration (FR1/FR2).

The reasons for ruling out per-frequency configuration are:

1) we need to progress and narrow down the scope of the discussion

2) in the email discussion [7], amongst the 7 companies supporting a finer granularity than global, 5 were OK to go with per-frequency-range (FR1/FR2), which seems sufficient and is less complex

3) scenarios brought up so far are mainly addressing per-frequency-range (FR1/FR2)

	LG
	We think per-frequency relaxation is still on the table, so we should discuss it.

According to RAN4 agreement, if the UE satisfies both conditions, the UE is allowed not to perform measurements on all the neighbor frequencies. Therefore, if highPriorityMeasRelax is set, the UE may not measure all the higher-priority frequencies. We are afraid that this may bring mobility performance degradation. 

As UE reselects to higher-priority frequency cell regardless of serving cell quality, even if relaxation on higher-priority frequency is allowed, the UE should measure higher-priority frequency whose cell quality is good. (e.g. highest ranked cell is just below the cell reselection threshold) Therefore, regarding the case UE satisfies both conditions, current global relaxation configuration is not enough to guarantee UE mobility performance. The UE should continue performing measurement on a frequency if its cell quality is good, even if the UE is allowed not to meet neighbor cell measurement requirements.

	Sony
	We share Ericsson view. However, it seems a close coordination is required between RAN2 and RAN4 to progress.

	NEC
	We think RAN2 should ask RAN4’s view first before we draw the final conclusion. 


Proposal 2: Scaling factor(s) for relaxed RRM measurements are left to RAN4 to decide.

Proposal 3: How/if higher priority frequencies RRM measurements are relaxed is left to RAN4 to decide.

Proposal 4: Whether RRM measurements relaxation is allowed on a frequency when the UE is configured to perform early measurement on that frequency and T331 is running is left to RAN4 to decide.
4. Follow-up discussion on frequency-specific relaxation triggers
As captured in Section 3 this follow-up discussion assumes per-frequency relaxation triggers is not supported, and so the discussion only focuses on per-frequency-range (FR1/FR2) relaxation triggers. And the discussion aims at better understanding the motivation scenarios and why they cannot be addressed by existing high-priority frequency framework.
Note RAN2 and RAN4 discuss the RRM measurement relaxation triggers and methods respectively so we only focus on the triggers here. 
As discussed in Section 2.1, two (opposite) scenarios were brought-up as examples of triggering differently the RRM measurements relaxation for FR1 and FR2:

Scenario 1: low frequency is used for coverage purpose. RRM measurement relaxation may be only applied for high frequency cells [3]
Scenario 2: load balancing typically favoring UE to reselect spotty coverage layer (FR2) vs large cells (FR1): RRM measurement relaxation may be only applied for low frequency cells [6].

We can therefore start with gathering companies inputs on the above scenarios.
Q1: Do you think scenario 1 is a valid scenario justifying RRM measurement relaxation only allowed for FR2 cells, not for FR1 cells?

	Company
	Yes/No
	Comments

	MediaTek
	No
	RRM measurement can be relaxed if UE is not expected to reselect to a neighbor cell, i.e., UE is with low mobility or is not at cell edge. It doesn’t matter whether the cell is at high or low frequency. Also, if UE is not confident with the relaxation, it can still perform normal RRM measurements. 

	Panasonic
	No
	In FR1 the cell coverage is larger and the stability is better (compared to FR2), and hence relaxing the measurement for FR1 cells may have less impact to mobility performance. In other words, two contiguous measurements to the same FR1 cell could show similar results, even if the interval between two contiguous measurements becomes larger.

	ZTE
	NO
	We support MTK’s view. 

If the cell environment is not good enough,  UE will not fulfill the triggering criteria and can not switch to RRM measurement relaxation.

If NW believe UE should not switch to RRM measurement relaxation in a cell easily, NW should modify the triggering critera instead of ban the function directly.

	Qualcomm
	No
	We share the same view as MediaTek.

	OPPO
	No
	Share the same view with MediaTek

	vivo
	Yes
	From the UE side, if the network configures the criteria for measurement relaxation, it can perform relaxation if the condition is good enough. UE will not be care about the network deployment, just follow the configurations from the network. In some actual deployment, operators may only want to some measurement relaxation on one frequency/FR. Thus, we should keep such flexibility. If the network doesn’t want to support such flexibility, it can only configure one/same relaxation for all frequencies/FRs. 

Regarding to the comments from MediaTek, we think we are discussing the measurement relaxation performed on neighboring cells/frequencies with higher/lower frequency instead of discussing relaxation according to which frequency UE camps on. UE anyway needs to perform measurement on neighboring cells/frequencies (once S-measure is met, otherwise, we will not discuss any relaxation). For some frequencies/FRs, UE may have lower probability to reselect to (e.g. due to the network deployment). Thus, the measurement relaxation can be performed on such frequencies/FRs. 

	Apple
	No
	RRM Measurement relaxation is a function of how stable the current serving cell measurement is (in relation to the configured measurement relaxation triggers). In that sense, RRM Measurement relaxation should be applicable to FR1 as well. A similar logic can be presented for measurement relaxation on FR2 as well.

	Ericsson
	No
	· It is not clear to us if FR2 can always be considered to provide spotty coverage, i.e. whether there should be a coupling with FR2. Currently FR2 typically provides spotty coverage, but it may depend on the operator deployment scenario? 

· When the FR2 cells are configured with higher priority the measurement activity is limited/relaxed to the Thigherprioritysearch requirements

When the low mobility criterion is fulfilled the UE may not be required to measure or required to measure with longer interval, which applies to FR1 and FR2. 

	CATT
	No
	In this scenario, we understand NW relaxes the measurements on high frequencies (FR2) because it wants to favor coverage over load balancing. In such case, which could correspond to a low density situation, NW may just configure only low-frequency cells for cell reselection.

	Samsung
	No
	We are on the same page with MediaTek. If serving cell is good enough (i.e., fulfilled relaxation criteria), both FR1 and FR2 can be relaxed. Otherwise, Neither of them is relaxed.

	LG
	Yes
	We have similar understanding with Ericsson that it is up to operator deployment whether FR2 is higher-priority. Thus, if we introduce per-FR relaxation, it needs to be network configurable that which or both of them can be relaxed. 

	Sony
	
	This question is deployment dependent and could be a scenario for relaxation of RRM measurements and if we address this scenario then in our opinion it is not a good design for inter frequency measurement relaxation.

	NEC
	No 
	From RAN4’ view, relax one frequency and relax all frequencies wouldn’t make much difference, so it is not a valid scenario to relax only one frequency, but others are not relaxed. 


Q2: Do you think scenario 2 is a valid scenario justifying RRM measurement relaxation only allowed for FR1 cells, not for FR2 cells?

	Company
	Yes/No
	Comments

	MediaTek
	No
	Similar to our answer in Q1, RRM measurement relaxation can be applied to both FR1 & FR2 cells.

	Panasonic
	Yes
	Since the measurement result of a FR2 cell could change rapidly in a short time, relaxing the FR2 measurement is more risky (could negatively impact the mobility performance) compared to relaxing the FR1 measurement.  

	ZTE
	No
	

	Qualcomm
	No
	We do not agree with the argument used in Scenario 2 and expect most networks would configure UEs to camp on FR1 cells if possible. 

	OPPO
	No
	

	vivo
	Yes
	As the similar answer for Q1. For some frequencies/FRs, UE may have lower probability to reselect to (e.g. due to the network deployment). Thus, the measurement relaxation can be performed on such frequencies/FRs.

	Apple
	No
	Similar to our answer in Q1. 

	Ericsson
	No
	See also above

	CATT
	Yes
	In mixed (FR1/FR2) scenarios for dense areas FR1 is typically used for coverage purpose while FR2 is used for spotty coverage and is configured as high priority frequency. This would be a typical load balancing strategy where network favors UE camping on spotty cells. In such case it may not want to relax RRM measurement on FR2 frequencies, as the network want the UE to reselect to a cell on FR2 frequencies as much as possible. 

	Samsung
	No
	RRM measurement relaxation is designed for not load balancing but UE power saving.

	LG
	Yes
	Same understanding with above. 

	Sony
	
	This question is deployment dependent and could be a scenario for relaxation of RRM measurements and if we address this scenario in isolation then in our opinion it is not a good design for inter frequency measurement relaxation.

	NEC
	No
	Same understanding with above.


Now, from RAN4 WF on RRM measurement relaxation for inter-frequency layer with higher priority ([8] slide 4), whatever option RAN4 decide in the end, high priority frequencies can only have less or same relaxation than equal/lower-priority cells, hence it is unclear whether it impacts the above coupling, i.e. both aim at differentiating RRM measurements of two classes of frequencies.
Q3: If you answered Yes to any of the above scenarios, do you believe differentiating FR1/FR2 RRM relaxation triggers can be sufficiently addressed (for Rel-16) by existing high-priority frequency framework. Please elaborate your answer in the “comments” column.
	Company
	Yes/No
	Comments

	Panasonic
	Yes
	If the network would like to prevent the UE from relaxing the FR2 measurement, the network can configure FR2 frequencies with higher priority  and configure FR1 frequencies with lower priority, and then further assign a false value to highPriorityMeasRelax. However, the specification needs to specify which priority values are governed by highPriorityMeasRelax.

	vivo
	
	It can partially address the scenario discussed above. But it will reduce the flexibility of the network configuration. 

For example, the high frequencies (FR2) are usually set as lower priority frequencies, since their coverage are small and not preferred for the UE to camp on. But at the dead spot of the coverage layer, UE may have to camp on the high frequencies. The network may have requirement to disable the measurement relaxation on the high frequencies. In this case, it cannot be addressed by high-priority frequency freamework.  



	CATT
	Yes
	Even if highPriorityRelax indication is not needed in the end because RAN4 decides to not relax high priority frequencies measurements further/differently compared to legacy, at the minimum the legacy would be the baseline. And in legacy high priority frequency already have a “favored” treatment compared to other frequencies e.g. when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. That is sufficient differentiation between FR1 and FR2 from our perspective.

	
	
	


5. Logged MDT measurements and RRM measurements relaxation
In RAN2#109bis-2 Power Saving session, the following was concluded as an intermediate way-forward regarding the Open issue #1: UE behavior if T330 is running of [7]:

Agreements

1
It is up to network control whether relaxed RRM measurements can be performed if T330 is running.  FFS whether we need additional RRC signalling.
2 
When cellEdgeEvalutation is configured, SSearchThresholdP should be mandatory while SSearchThresholdQ is optional

3
No new behaviour for RRM relaxation needs to be captured if the parameters in SI change and UE continues legacy behaviour of SI change/update.  The UE applies new configuration as in legacy behaviour. 

4
FFS Continue offline discussion for FR1/FR2 differentiation only.  Down select per-frequency configuration of the relaxation criteria.  

5
Scaling factor(s) for relaxed RRM measurements are left to RAN4 to decide
6
How/if higher priority frequencies RRM measurements are relaxed is left to RAN4 to decide

7
Whether RRM measurements relaxation is allowed on a frequency when the UE is configured to perform early measurement on that frequency and T331 is running is left to RAN4 to decide.

When the UE receive the LoggedMeasurementConfiguration message in RRC_CONNECTED, the UE starts the timer T330 with the timer value set to the loggingDuration which is included in the LoggedMeasurementConfiguration message. Then if the UE enters RRC_IDLE or RRC_INACTIVE state and T330 is running, the UE performs measurement logging. If RRM measurement relaxation is configured for the cell the UE is camping on and the UE is capable of RRM measurement relaxation, the logged measurements may be those measurements performed while the UE meets the criteria for relaxation, even though T330 is running. 
Based on the above agreement, there are two options, considering the “FFS whether we need additional RRC signaling”:
· Option 1: It’s up to network implementation whether to configure relaxed RRM measurement and Logged MDT simultaneously.

If network wants to collect Logged MDT for network optimization while has some concerns on the impact of relaxed RRM measurement, network can configure Logged MDT only. If network wants to collect Logged MDT for network optimization while doesn’t have some concerns on the impact of relaxed RRM measurement or network wants to collect the results with relaxed RRM measurement, network can configure Logged MDT and relaxed RRM measurement simultaneously. This option requires no specification change but involves additional signaling (change SIB2 and trigger SI update) if the network needs to “switch-off” RRM relaxation to enable MDT logging.
· Option 2: Introduce some new RRC parameter to control whether relaxed RRM measurements can be performed if T330 is running.

With this option, if the UE was configured to collect Logged MDT and enters RRC IDLE or RRC INACTIVE state and T330 is running, the UE performs measurement logging and would know by configuration whether it is allowed to relax RRM measurements. In other words, the UE may need to consider whether T330 is running as an additional condition to trigger relaxed RRM measurements.

Considering how to configure the new RRC signalling, there are two sub-options for option 2.

-Option 2-1: Broadcast the additional RRC signalling within relaxed RRM measurement parameters.
- Option 2-2: Introduce the new RRC signalling in dedicated signalling
The network can configure the new RRC signalling in the LoggedMeasurementConfiguration message.
Q4: Please indicate your preferred option (1 or 2):
	Company
	Option
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Q5: If you selected option 2, please indicate whether you would prefer sub-option 2-1 or 2-2.
	Company
	Sub-option
	Comments
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