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Introduction
In last RAN4 a WF [1] WF on RRM measurement relaxation for power saving was agreed. The WF captured the agreements achieved during the meeting and a number of open issues for further discussion. In this paper we give our views on the different open aspects.

Discussion
In the meeting RAN4#94 it was agreed that UE power saving for low mobility and not at cell edge scenarios would be realized by allowing UE RRM measurement relaxation with longer measurement interval. RAN4 has already agreed on the approach for when low mobility and cell edge conditions were fulfilled.

RRM measurement relaxation
Exactly how to capture the UE requirements is open, as is the actual scaling value of the longer measurement interval and if any special handling is needed upon changing between the 3 scenarios:
1. #1: Low mobility scenario
2. #2: Not in cell-edge scenario 
3. #3: Low-mobility + Not in cell-edge scenario
A couple of open questions were left unanswered related to the agreements of relaxing the UE measurements. One was the question of the possible scaling factor to be applied for cell detection, measurement interval and evaluation period. We suggest using a fixed value.
The scaling factor to be applied when UE power saving conditions are fulfilled is fixed.
The value could be in the range of 2-4, but we do not think that more than 4 is realistic. In such case no requirements might as well be defined.

UE power saving Conditions Changes
Another open aspect was whether RAN4 would need to consider any special action when the UE conditions changes between scenario 1 and 3 and then scenario 1. For scenario 3 RAN4 agreed to allow UE not to be required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements. This means, worst case is that UE in scenario 3 has not performed any measurements at all for a period of time when the conditions change and hence scenario changes. Based on this the UE should apply the scenario 1 or 2 requirements immediately when one the conditions for scenario 3 are no longer fulfilled.
When the conditions for scenario 3 no longer are fulfilled the UE applies the stricter measurement requirements
When the conditions for scenario are fulfilled it can be left for UE implementation if the UE apply measurement requirements for scenario 3 immediately or not (as UE is always allowed to perform more than minimum measurements).
When the conditions for scenario are fulfilled it can be left for UE implementation if the UE apply measurement requirements for scenario 3 immediately.

Higher Priority Carriers
Open for decision is also the measurement relaxation for higher priority carriers. 3 options were listed in the WF, 2 of which propose that some relaxation would be applied to the higher priority carriers under different conditions, and one option where no relaxation would be applied to higher priority carriers. 
Our preference is that no relaxation is allowed on higher priority carriers. Reasoning behind this is that the network has specifically defined the carrier as a high priority carrier because to ensure that the UE will always measure this carrier even if UE may relax measurements on other carriers. Similar systematic approach should be kept also when measurement relaxation is allowed due to UE power saving conditions being fulfilled. 
There could be many reasons why a carrier is configured as a high priority carrier e.g. because network has it targeted the carrier for potential offloading. If the network would not see this carrier as being important (i.e. high priority) the network wouldn’t configure the carrier as a high priority carrier but a non-high priority carrier – on which relaxed measurements can be applied in case UE power saving conditions are fulfilled. 
It is also worth noting that the measurement requirements for a high priority carrier is already relaxed to some extend as UE only have to search those once per 60s if non-intra search thresholds are configured and UE is allowed to reduce inter-frequency/RAT carrier searches. Additionally, RAN4 requirements allow following relaxation on high priority carriers:
When higher priority cells are found by the higher priority search, they shall be measured at least every Tmeasure,NR_Inter. If, after detecting a cell in a higher priority search, it is determined that reselection has not occurred then the UE is not required to continuously measure the detected cell to evaluate the ongoing possibility of reselection
Which allows further reduced measurements on a high priority carrier.
Measurements of higher priority carriers shall not be relaxed
We also note that there is an incoming LS from RAN2 related to this topic which we discuss in another paper.

Reduction of carriers to be measured
RRM measurement relaxation by reducing the number of frequency layer to be measured has also discussed for a number of meetings without agreement yet. It has been discussed whether reducing the number of carriers to measure would reduce the UE power consumption or not.
A UE being configured with UE power saving by the network may not always be configured with SnonIntraSearch thresholds. These two configurations are separate and should be discussed separately.
· If the UE is configured with SnonIntraSearch the UE is allowed not to measure inter-frequency and inter-RAT carriers if the serving cell RXlev conditions for allowing this are fulfilled.
· If the UE is configured with the parameters of both low mobility and not-at-cell-edge criteria the network can configure the UE such that the UE is allowed to relax the measurement (on inter-frequency and inter-RAT carriers) if the conditions are fulfilled.
These two configurations are independent and need not be configured at the same time. Hence, in one example if the network does not configure the UE with SnonIntraSearch but only UE power saving based on not at cell edge, this allows the UE to relax the inter-frequency and inter-RAT measurements, but the UE shall still perform those measurements. Hence, this is different from not performing measurements.
Only when both low mobility and not at cell edge are configured by the network and indicated as shall both be applied (and) is the UE allowed not to perform any inter-frequency and inter-RAT measurements – as RAN4 decided that no UE requirements applies in case both conditions are fulfilled.
There is a clear difference between these cases. Hence, there is a benefit in additionally reduce the number of inter-frequency/RAT carriers (frequency layers) to be measured in the case where the UE fulfils one of the relaxation criteria e.g. low mobility condition or not at cell edge. Reducing the number frequency layers to be measured in this case will further reduce the UE measurement burden and reduce the UE power consumption. E.g. UE is not at cell condition is fulfilled the UE may reduce the number of inter-frequency carriers to measure.
Introduce RRM measurement relaxation by reducing the number of frequency layer to be measured.
Such additional reduction can be introduced in different ways. One way would be to allow configuration of search thresholds SnonIntraSearch with smaller/finer granularity than being applicable for all inter-frequency and inter-RAT carriers simultaneously. E.g. if the network expect that inter-RAT carriers would not need to be measured at all on some carriers when the not at cell edge conditions are fulfilled, the network could configure SnonIntraSearch for those carriers.
Enable configuration of search thresholds SnonIntraSearch with smaller granularity than applicable for all inter-frequency and inter-RAT carriers simultaneously.
Another example would be UE fulfilling the low mobility conditions and allowed measurement relaxation. If SnonIntraSearch threshold are in use the UE is allowed not to measure non-intra-frequency carriers when Srxlev > SnonIntraSearchP or Squal > SnonIntraSearchQ is fulfilled. However, if Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ UE would need to search all non-intra-frequency carriers. Even if this is done with relaxed measurements the UE still have to perform the measurements on all carriers which consumes power on UE side.
 
EMR Carriers
In last meeting it was also discussed how the carrier configured for early measurement reporting (EMR) should be treated when one or more UE power saving conditions would be fulfilled. Three different options were put on the table for discussion:
· Option 1: Up to UE’s implementation
· Option 2: EMR frequency layer shall not be relaxed if T331 is running
· Option 3: EMR frequency layer shall be relaxed
Option 1 does not seem very attractive from UE or network point of view. It would in principle make it impossible to have UE power saving configured for the UE while EMR would be in use.  Option 3 would lead to more clarity to the UE behaviour and the expected measurement requirements. However, relaxing the EMR carriers is likely leading to reliability (accuracy) of the reported cells – cells which will be used during corrected mode for enabling early setup of CA or DC. Hence, we also see this option as making it difficult to configure the UE with both UE power saving and EMR. Based on this we prefer option 2.
EMR frequency layer shall not be relaxed if T331 is running.

Carrier specific thresholds
As discussed in section 2.4 we see an unharvested UE power saving potential in allowing further reduction of the number of carriers that the UE measures when configured with UE power saving feature. By enabling further reduction of the relaxed measurement requirements – by allowing UE not to measure certain layers at all when one or more UE power saving condition is fulfilled.
Such approach would be streamlined with the scenario 3 when both low mobility and not at cell edge conditions are fulfilled, in which case UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements. Hence, UE need not measure Intra-frequency neighbor and/or inter-frequency/RAT carriers.
By having search thresholds with finer configuration granularity than applicable for all carriers simultaneously, would enable network to configure thresholds to enable further reduction of measurements. E.g. if the UE is configured with not at cell edge conditions and carrier specific search thresholds, this carrier would not need to be measured even with relaxed performance if the serving cell threshold is better than the threshold configured for that carrier. Hence, a reduction in the number of carriers measured even with relaxed measurements. 
Introduce carrier specific threshold for increased UE power saving opportunities.
We suggest using existing search threshold and allow these to configured per carrier.
Use existing search threshold and allow these to configured per carrier.
In [2] we have provided a draft LS informing RAN2 about introduction carrier specific search threshold (using existing thresholds: SnonIntraSearchP and SnonIntraSearchQ) for enabling further reduction of carriers to measure when relaxed conditions are fulfilled as proposed in proposal 8 and 9.

Idle mode measurement accuracy
RAN2 has decided to introduce a new threshold to enable UE to evaluate if it is in low mobility or not. The thresholds introduced by RAN2 starts from 3dB change in the serving cell RxLev. Additionally, there will be a need to introduce test cases to ensure UE behaviour when configured with UE power saving.
RAN4 to introduce idle mode measurement accuracy requirements.

RRM impact due to cross-slot scheduling power saving technique
No RRM impact is foreseen from the cross-slot scheduling.

Conclusion
In this paper we have continued the discussion on the UE power saving based on the outcome in last meeting.
1. The scaling factor to be applied when UE power saving conditions are fulfilled is fixed.
1. When the conditions for scenario 3 no longer are fulfilled the UE applies the stricter measurement requirements
1. When the conditions for scenario are fulfilled it can be left for UE implementation if the UE apply measurement requirements for scenario 3 immediately.
1. Measurements of higher priority carriers shall not be relaxed
1. Introduce RRM measurement relaxation by reducing the number of frequency layer to be measured.
1. Enable configuration of search thresholds SnonIntraSearch with smaller granularity than applicable for all inter-frequency and inter-RAT carriers simultaneously.
1. EMR frequency layer shall not be relaxed if T331 is running.
1. Introduce carrier specific threshold for increased UE power saving opportunities.
1. Use existing search threshold and allow these to configured per carrier.
1. RAN4 to introduce idle mode measurement accuracy requirements.
In [2] we have provided a draft LS informing RAN2 about introduction carrier specific search threshold (using existing thresholds: SnonIntraSearchP and SnonIntraSearchQ).

References
[1] [bookmark: _Ref431017336]R4-2002338, WF on RRM measurement relaxation for Power Saving, CATT, Vivo
[2] R4-200xxxx, LS on introduction of carrier specific thresholds for UE Power Saving schemes, Nokia, Nokia Shanghai Bell


