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Introduction
At RAN #84 the WID for release 16 UE power saving was defined [1]. The description includes the following scope:Rel-16 WID on UE Power saving in NR (RP-191607) incl.
5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]


[bookmark: _Hlk21120565]In this contribution, we discuss how the RRM measurement relaxation can be facilitated for RRC_IDLE/INACTIVE UEs and the related UE requirements.

Discussion
According to the WI the discussion related to mechanisms to relax intra- and inter-frequency RRM measurements is restricted to RRC idle and inactive mode only. In last RAN4 a WF was approved in [1] in which 3 different scenarios based on the current UE conditions, are considered:
1. Low mobility
2. Not at Cell edge
3. Low mobility and not at cell edge
Under these conditions RAN4 discussed two different power saving approaches:
· Relaxation of UE measurement interval.
· UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements.
Additionally, it was agreed to discuss relaxation of the UE measurements by reducing the number of frequency layers to be monitored.
The purpose of the work is to define conditions when UE may apply UE power savings in order to allow UE to minimize the UE power consumption in idle and inactive mode. When discussing the potential measurement relaxation RAN4 shall consider the framework of the WID and relaxations shall only apply for non-serving intra-frequency and inter-frequency carriers and consider mobility performance impact.
In RAN2#107 and RAN2#107bis meeting, it was agreed that:
RAN2#107 Agreements 
1. Measurement relaxation criteria can consider both low mobility and UE location in the cell (e.g. whether the UE is in cell-edge).    
2. [bookmark: _Hlk32235394][bookmark: _Hlk32235385][bookmark: OLE_LINK3]UE may activate relaxed measurement criteria if at least any of the following conditions are met:   
[bookmark: _Hlk32235420]a)   Serving Cell measurement does not change more than a relative threshold during a time period
   -  LTE relaxed monitoring criteria in 36.304 is considered as a baseline.  Additional enhancements to address aspects that are specific to NR can be considered. 
[bookmark: _Hlk32235441]b)  UE is not a cell edge, meaning that serving cell/beam RSRP/RSRQ/SINR is above a threshold
      FFS: Whether neighbour cell RSRP should also be considered.

RAN2#107bis Agreements:
1. [bookmark: _Hlk32235521]Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both) 
2. Cell-edge criteria will not consider neighbour cell measurements 

RAN2 108 agreements:
Agreements
1	Measurement relaxation criteria is evaluated using cell quality only, and we do not define beam-specific conditions for RRM measurement relaxation.
2	For not-at-cell-edge scenario, the thresholds can be based on RSRP and/or RSRQ and is configurable by the network. For low-mobility scenario, the thresholds of the delta are only in relation to RSRP.
3	Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done. 
4	Network configures RRM measurement relaxation via broadcast only; dedicated control is not supported
5	For modifications of low-mobility scenario, TSearchDeltaP less than 5 minutes is configurable in NR. 

Conditions for apply power saving
Next to discuss would be define the conditions when the power saving solution can be applied. RAN4 looked at 3 different conditions:
1. Low mobility
2. Not at Cell edge
3. Low mobility and not at cell edge
RAN2 has already decided:
Network can configure the triggering criteria independently (i.e. either cell-edge or low mobility or both)
Based on these agreements it is already clear that measurement relaxation criteria can consider:
· Low mobility, or 
· UE location in the cell (e.g. whether the UE is in cell-edge), or
· Low mobility and UE location in the cell.
Hence, RAN4 would not need to discuss this issue further.
RAN2 has also discussed the triggers for when the UE may apply UE power savings:
· Low mobility will be triggered based on serving cell RSRP based measurement does not change more than a relative threshold during a time period.
· Cell edge will be triggered based on serving cell/beam RSRP and/or RSRQ threshold(s).
Based on these decisions in RAN2 it is now for RAN4 to discuss which relaxations to apply for low mobility and UE location to enable UE power savings.

Power Saving relaxation
The WID as such already includes 2 of the different power saving approaches agreed by RAN4:
· Relaxation of the UE measurements
· Reducing the number of carriers to monitor
We do not see these methods as being mutually exclusive but on the other hand we see that both these methods can help improving UE power saving – either applied alone or together. There is no reason why a reduction in the number of carriers to measure cannot be applied when also applying UE relaxation of the measurement and the other way around. Under some conditions we see it rather logical to apply both simultaneously and thereby enable higher power saving gains.
Relaxation of the UE measurements can be applied together with reducing the number of carriers the UE shall monitor.
Reducing the number of carriers, the UE shall monitor can be applied together with relaxation of the UE measurements.
In one aspect one can consider reducing the number of carriers to monitor as one case of relaxation of the UE measurements.
RAN4 defines requirements for UE relaxation of UE measurements and reduction of the number of carriers the UE is required to monitor under the power saving WI.
Requirements should be defined separately allowing network to enable either of the two as stand-alone or enable both simultaneously.
A third option was also discussed in last meeting:
· UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements.
In one sense this could be seen as a special case of relaxation of the UE measurements – e.g. no neighbor measurements are to be performed or using infinite measurement evaluation period (depending on the relaxation method(s) selected).
Regard the option that UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements as a special case of relaxed measurements.

Relaxation Method details
Last RAN4 meeting WF [REF] and [REF] discussed applying measurement relaxation by relaxation of the number of carriers the UE would be required to measure, once the UE power saving conditions would be fulfilled. In the WF it was listed:
· Allow RRM measurements with longer intervals
· RRM measurement relaxation by reducing the number of frequency layer to be measured.
Additionally, it was discussed whether measurement relaxation on EMR carriers should be allowed while T331 is running. All three topics are discussed next.
Relaxation of measurement are only applicable for non-serving cells and inter-frequency carriers. Serving cell measurements are not relaxed.
Both Low mobility and not at cell edge triggers are based on the serving cell measurements. 
Low Mobility:
If the serving cell RSRP variation is below the set threshold the UE may apply low mobility power savings. Power savings by increased measurement evaluation periods for non-serving cells can be applied in this case. Additionally, relaxed measurements by reducing the number of carriers to monitor can also be applied.
For RSRP variation RAN4 will need to introduce RSRP measurement accuracy requirements for idle and inactive modes.
Not at Cell Edge:
If the serving cell RSRP or RSRQ is better than the set threshold the UE may apply cell edge power savings. Power savings by increased measurement evaluation periods for non-serving cells can be applied in this case. Additionally, relaxed measurements by reducing the number of carriers to monitor can also be applied.
For threshold-based power saving activation would also be more reliable by introduction of idle mode measurement accuracy for idle and inactive modes.
Low mobility and Not at Cell Edge:
If the serving cell RSRP variation is below the set threshold and the serving cell RSRP or RSRQ is better than the set threshold the UE may apply cell edge power savings. Power savings by increased measurement evaluation periods for non-serving cells can be applied in this case. Additionally, relaxed measurements by reducing the number of carriers to monitor can also be applied.
Introduce RSRP/RSRQ serving cell measurement accuracy requirements for idle and inactive modes.

In last meeting it was also discussed how to define relaxed measurements:
1) Option 1: Define longer measurement evaluation interval
2) Option 2: UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements.
However, these options are not suitable as sole general relaxation methods. We propose in addition following 3 options:
3) Option 3: UE is not required to meet the inter-frequency neighbor cell measurement requirements.
4) Option 4: Define longer inter-frequency measurement evaluation interval.
5) Option 4: Define longer intra-frequency measurement evaluation interval
Option 3:
· Can be applied for inter-frequency measurements if both low mobility and not at cell edge conditions are fulfilled, as it is acceptable that no inter-frequency measurement requirements apply in this case. 
· Additionally, option 3 can also be applied for not at cell edge for inter-frequency measurements (i.e. inter-frequency carriers). 
Option 4:
· Can be applied for low mobility UE condition for inter-frequency measurement.
Option 5:
· Can be applied for low mobility UE conditions, and for not at cell edge conditions, and for low mobility and not at cell edge conditions, for intra-frequency measurements to provide robust solution.
Based on this we propose:
Option 3 can be applied for inter-frequency measurements, if Low Mobility and Not at Cell Edge conditions are fulfilled.
Option 3 can be applied for inter-frequency measurements if Not at Cell Edge condition is fulfilled.
Option 4 can be applied for inter-frequency measurement, if Low Mobility condition is fulfilled.
Option 5 can be applied for intra-frequency measurements for all power saving conditions.

Considering the WI and enabling UE power savings as the general goal it seems obvious also to discuss possible relaxation of inter-frequency measurements when one or both of the relaxation conditions are fulfilled. E.g. considering inter-frequency measurement relaxation seems to be reasonable to apply if the UE is at low mobility and not at cell edge. 
It should be a straightforward observation that the less inter-frequency carrier measurements the UE is required to perform the less power UE consumes performing these measurements. Hence, ensuring a solution enabling flexible relaxation of the inter-frequency measurements is important for UE and system performance.
UE power saving solution shall include a solution for flexible relaxation of UE inter-frequency measurements.
In last meeting we discussed in [2] the aspect of performing inter-frequency measurements and UE power saving, based on the different search thresholds available today. We highlighted two aspects that makes it difficult to use the current thresholds:
1) One threshold applies for all carriers.
2) UE measurement delay once the threshold indicates that the UE shall perform non-intra measurements
Having only one threshold applicable for all inter-frequency carriers complicates greatly the balancing between UE power saving by reducing the UE measurements on non-serving carriers and the need for load balancing between carriers. One threshold lead to that UE either has to measure all carriers or not carriers.
Having more than 1 thresholds would enable a more flexible approach where the network could configure some carriers to be measured while others would not need to be measured – hence enabling a partial UE power saving compared to no UE power saving.
Having more than one threshold for deciding non-intra search would enable better UE power saving.
Different from LTE is that also in NR idle mode the UE will experience similar measurement limitation as in connected mode – although having more relaxed requirements – due to SMTC periods and more restricted measurement occasions.
Currently, once the serving cell conditions no longer allow the UE to reduce non-intra-frequency measurements, the UE shall start to measure all configured non-intra-frequency carriers simultaneously. This would lead a large measurement burden on the UE and lead to a rather long measurement delay and thereby long reaction time for the UE - especially in NR.
To avoid long measurement and reaction delays due to UE relaxing RRM measurements on all carriers based on one threshold, the network current options for the is to select either not to configure inter-frequency/RAT search threshold or set the threshold very conservatively. Both options are not favorable for UE power saving opportunities. 
Having carrier specific search thresholds would enable gradual inter-frequency measurements after applying measurement relaxation which would reduce the expected measurement and reaction delay on the UE side. 
Introduce carrier specific search thresholds to facilitate better UE power savings.

EMR carriers
As such it seems logical and reasonable that the UE continuous EMR measurements independently from any possible UE power saving scheme which may be applied. If the power saving would be applicable also for EMR measurements this could lead to difficulties in using UE power saving settings and EMR simultaneously.
Measurements on EMR carriers should not be relaxed if T331 is running.

Conclusion
In this contribution, we discussed how the RRM measurement relaxation can be facilitated for RRC_IDLE/INACTIVE UEs and the related UE requirements. We propose:
1. RAN4 defines requirements for UE relaxation of UE measurements and reduction of the number of carriers the UE is required to monitor under the power saving WI.
1. Regard the option that UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements as a special case of relaxed measurements.
1. Introduce RSRP/RSRQ serving cell measurement accuracy requirements for idle and inactive modes.
1. Option 3 can be applied for inter-frequency measurements, if Low Mobility and Not at Cell Edge conditions are fulfilled.
1. Option 3 can be applied for inter-frequency measurements if Not at Cell Edge condition is fulfilled.
1. Option 4 can be applied for inter-frequency measurement, if Low Mobility condition is fulfilled.
1. Option 5 can be applied for intra-frequency measurements for all power saving conditions.
1. UE power saving solution shall include a solution for flexible relaxation of UE inter-frequency measurements.
1. Introduce carrier specific search thresholds to facilitate better UE power savings.
1. Measurements on EMR carriers should not be relaxed if T331 is running.
[bookmark: _GoBack]In [3] we provide a draft LS for facilitating informing RAN2 about introduction of carrier based thresholds.
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