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1. Introduction
The power saving WID was approved in [1], [2] and have the following objectives.

2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]
NOTE: Switching on/off the RF is part of the evaluation

RRM aspects have been discussed at previous RAN2/RAN4 meeting and following agreements was achieved [8].

Agreements in R2#105bis
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.
UE may activate relaxed measurement criteria if at least any of the following conditions are met:   

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. 

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.

Agreements in R2#107bis

1. 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.

Agreements in R2#108
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. 
Agreements in R4#92bis

Regarding RRM requirement relaxation, the following options should be considered if the measurement relaxation criteria defined in RAN2 are met in next meeting: 

· Option1: RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of carriers to be measured; 

· Option2: RRM measurement relaxation of neighbour cell monitoring in LTE MTC/NB-IoT can be reused for defining the RRM requirements for UE power saving in NR 

· Other option is not precluded. 
Agreements in R4#93 
· For information: Scenarios
· #1: Low mobility scenario
· #2: Not in cell-edge scenario 
· #3: Low-mobility + Not in cell-edge scenario
· RRM measurement relaxation methods for UE power saving in RRC_idle/inactive state
· Option 1: Allow RRM measurements with longer intervals 
· Option 2: UE is not required to meet the intra-frequency and inter-frequency neighbor cell measurement requirements
· Applicability of RRM relaxation methods when the relaxation criteria are fulfilled
	
	Applicable RRM relaxation methods

	Scenarios #1
	FFS: Option 1 and/or 2

	Scenarios #2
	FFS: Option 1 and/or 2

	Scenarios #3
	Option 2


· Selection of option 1 or option 2 will depend on the details of the criteria as developed by RAN2.
· Encourage companies to bring the analysis on how to relax measurement interval if option 1 is proposed in next meeting
· Encourage companies to bring the analysis for option 2 if option 2 is proposed in next meeting
· RRM measurement relaxation by reducing the number of frequency layer to be measured is FFS
· The impact on early measurement reporting due to power saving mode:
· Option 1: UE is not allowed to relax or enter any relaxed measurement modes (e.g. based on scenarios defined in slide 2) if UE is configured with early measurement reporting (EMR) and T331 timer is running.
· Other options is not precluded
· RAN4 to study the RRM impact, e.g. timeline of DCI based BWP switch, due to cross-slot scheduling power saving technique if there is any impact to the DCI processing delay based on RAN1 agreements.
In this paper, we provide our further considerations on this topic.
2. Discussion
2.1 Relaxation on intra-frequency or/and inter-frequency measurement for scenario 1 and 2
From RAN2’s agreement 2 in R2#108, for scenario 2, a threshold based on RSRP and/or RSRQ could be configured by network and from RAN2’s agreement 4, this threshold could be broadcast by the network. Therefore no matter a UE is at cell centre or cell edge, low mobility and high mobility stage, that UE can access this threshold and if necessary, execute RRM measurement relaxation based on this parameter when that UE thinks the condition is suitable, i.e., either at cell centre scenario or low mobility scenario. 
A logic way to utilize this network configured threshold for RRM relaxation is illustrate in the following figure. Currently a RRC_IDLE/INACTIVE state UE can use network controlled thresholds SIntraSearchP / SIntraSearchQ for triggering intra-frequency measurement and SnonIntraSearchP / SnonIntraSearchQ for triggering inter-frequency measurement. And a UE shall initiate measurements of all neighbour cells if the serving cell does not fulfil the cell selection criterion S. The aforementioned new threshold for serving cell will have a value between the current SIntraSearchP / SIntraSearchQ and the cell selection criterion S. The relax requirements could apply for the region between SIntraSearchP / SIntraSearchQ and the new threshold whereas normal RRM measurement requirements apply for the other regions, i.e., regions between the new threshold and the cell selection criterion S and below the cell selection criterion S. For inter-frequency, similar principle could apply. A new network configured threshold could have a value between the current SnonIntraSearchP / SnonIntraSearchQ and the cell selection criterion S. And the relax requirements could apply for the region between SnonIntraSearchP / SnonIntraSearchQ and the new threshold.
Within the relaxed region, longer measurement interval (option 1) is considered to achieve the UE power saving purpose. The following figure illustrates the applicable region for intra-frequency and inter-frequency measurement respectively. 

[image: image1]
Figure 1 Region where measurement requirement relaxation can apply for intra/inter-frequency measurement
Regarding option 2 and the corresponding relaxed monitoring criterion and measurement rules currently defined in TS36.304, parameter TSearchDeltaP and SSearchDeltaP are jointly used to control when a UE move into or move out from the relaxed stage. As RAN2’s agreement 5, TSearchDeltaP value less than 5 minutes is configurable. Within the relaxed stage, a UE is not required to perform intra-frequency or inter-frequency measurement. The corresponding relaxed monitoring measurement rules are copied at Appendix for reader’s convenience.

We understand that this relaxed monitoring criteria is intended for R14 e-NB-IoT scenario while the corresponding scenario for this optimization is briefly described in [6]. However in R16 UE power saving WI, the handheld UEs are considered as majority and we think that the range of scenarios would be much wider than [6]. Based on results provided in [7], we observed that the occurrence of “stationary UE” in realistic NR deployments would be much less than that in NB-IoT, and the reasons for this are also analyzed in details. Considering the low mobility scenario of a handheld UE, as shown in the following figure, we can identify some issues for different TSearchDeltaP and SSearchDeltaP configurations.
· Limited power saving gain: If TSearchDeltaP is still configured at the minute level, the UE may need several minutes to enter the relaxed stage as specified. Note that a UE will instantly quit relaxed stage once (SrxlevRef – Srxlev) < SSearchDeltaP, i.e., its RSRP is lower than SrxlevRef - SSearchDeltaP. For handheld UEs, the fluctuation of RSRP is quite more frequently. Therefore, it may enter the relaxed stage when the UE is completely stable, e.g. a cellphone laid on the table. Otherwise there is almost no chance for UE to fulfill the relaxed criterion and move into the relaxed stage. Hence the UE power saving gain is very limited. Based on evaluation results in [7], even if TSearchDeltaP has some kind of extreme setting, for example even at tens of second level, the chance to enter the relaxed stage is quite limited for UE in very low mobility. Note that for the completely stable case, some other solutions based on implementation may be available and we see no need to be specify this.
· Possible relaxation in cell-edge: the value of SrxlevRef may be updated if the criterion is not met for a period of TSearchDeltaP. As shown in the figure, in this case, a UE is still possible to enter relaxed stage when it stays around cell edge. This will result in that if option 2 is used, a UE does not have the chance to either perform any neighbour cell measurement or collect enough samples from neighbour cell measurement for its approaching cell reselection, when it moves out of relaxed monitoring stage at the cell edge.
· Larger SSearchDeltaP: Since the fluctuation of RSRP is much more frequently for handheld UE, a much larger SSearchDeltaP is needed compared to that in NB-IoT so that UE can enter the relaxed stage. The related results are provided in [7]. In this case, UE may stay in the relaxed stage even if the RSRP is close to the criterion S. If option 2 is adopted, there is no neighbour cell measurement for UE.
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Figure 2 An illustration on UE cannot have necessary neighbour cell measurement when it moves toward cell edge area
In addition to aforementioned issue, the introduction of SrxlevRef and its updating procedure was designed based on the fact that NB-IoT devices have a large RSRP range, with the assumption that in most use cases UE is in completely stable. For a handheld UE in NR, the RSRP range in realistic deployment may not be that large. Hence the necessity to specify the updating procedure of SRxLevRef with the assistance of TSearchDeltaP is trivial. 

Comparing with these two options, we think option 1 provides a good tradeoff between RRC_idle/inactive state mobility performance and UE power saving and have the following proposal: 

Proposal 1:  Use option 1 for scenario 1 and 2
2.2 Details on option 1
Regarding on how to extend the measurement interval during RRC_idle/inactive state, a few suggestions have been proposed at [3], [4], [5] where reasonable power consumption saving can be achieved by scaling the measurement interval with a factor 4 or above. To determine the scaling factor, we propose to use legacy definition in LTE, i.e. the IncMon of LTE Rel-12. Under IncMon scenario, when the predefined triggering criteria is satisfied, the RRM requirement can be relaxed 6 times to the normal requirement. Note that the IncMon is already an implemented feature in LTE, and the mobility performance is not seriously impacted when requirement on some frequency is relaxed, even though there is no restriction of ‘low mobility’ or ‘not-in-cell-edge’. 
Proposal 2: Consider a scaling factor 6 to extend measurement interval when UE is at power saving mode. 

2.3 Relaxation on inter-frequency layer measurement
On inter-frequency measurement relaxation, based on operator’s input, multi-frequency deployment would be a general case in NR. However, from UE perspective, the power consumption due to inter-frequency measurement would be quite high. Basically a UE can determine whether to have RRM measurement relaxation or not based on a threshold. That threshold could be: 

i) same as the threshold for intra-frequency layer RRM relaxation; 
ii) a new threshold for UE to determine whether have RRM relaxation on all inter-frequency layer or not; 
iii) a particular threshold for a particular frequency layer to define a region at that frequency layer where a UE can move between relaxed and normal RRM measurement mode. 

Proposal 3: RRM relaxation on different inter frequency layers could be treated separately.

Another dimension could be considered for reducing UE power consumption under RRC_IDLE/INACTIVE state is the number of frequency layers being measured. At previous meeting a few companies pointed out that reducing the number of inter frequency layers may not have any noticeable power saving gain. We agree with this observation and propose the following one:

Proposal 4: Reducing number of inter frequency layers is not considered within this WI. 

2.4 Regarding higher priority 
For higher priority measurement, the current behaviour in TS38.133 is:

If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ then the UE shall search for inter-frequency layers of higher priority at least every Thigher_priority_search . 

Since the region for any inter-frequency layer to have RRM relaxation is below SnonIntraSearchP or SnonIntraSearchQ, the aforementioned higher priority layer search behaviour will not be impacted by RRM relaxation if it is configured. 
For Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ scenario the current behaviour defined in TS381.33 is:

If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as defined in TS38.133.
From the former description we can see that the measurement does not differentiate higher, lower or equal priority anymore when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ. As shown in figure 2, since the region for relaxation is below SnonIntraSearchP or SnonIntraSearchQ, following the same logic, measurement relaxation should apply for higher priority frequency layer measurement, i.e., applying same measurement requirement (either relaxed or normal) for all inter frequency layer, no matter its priority and the corresponding proposal 6 is:
Proposal 5: Following current logic in specification, applying same measurement requirement (either at relaxed mode or normal mode) for all inter frequency layer, no matter its priority when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ.
3. Conclusion
In this contribution, we provide our further considerations on UE RRM requirements for the NR UE power saving WI and provide the following proposals:
Proposal 1: Use option 1 for scenario 1 and 2
Proposal 2: Consider a scaling factor 6 to extend measurement interval when UE is at power saving mode.

Proposal 3: RRM relaxation on different inter frequency layers could be treated separately
Proposal 4: Reducing number of inter frequency layers is not considered within this WI
Proposal 5: Following current logic in specification, applying same measurement requirement (either at relaxed mode or normal mode) for all inter frequency layer, no matter its priority when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ.
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Appendix

5.2.4.12.0
Relaxed monitoring measurement rules

When the UE is required to perform intra-frequency or inter-frequency measurement according to the measurement rules in sub-clause 5.2.4.2 or 5.2.4.2a, the UE may choose not to perform intra-frequency or inter-frequency measurements when:

-
The relaxed monitoring criterion in sub-clause 5.2.4.12.1 is fulfilled for a period of TSearchDeltaP, and

-
Less than 24 hours have passed since measurements for cell reselection were last performed, and

-
The UE has performed intra-frequency or inter-frequency measurements for at least TSearchDeltaP after selecting or reselecting a new cell.

5.2.4.12.1
Relaxed monitoring criterion

The relaxed monitoring criterion is fulfilled when:

-
(SrxlevRef – Srxlev) <  SSearchDeltaP
Where:

-
Srxlev = current Srxlev value of the serving cell (dB).

-
SrxlevRef = reference Srxlev value of the serving cell (dB), set as follows:

-
After selecting or reselecting a new cell, or

-
If (Srxlev - SrxlevRef) > 0, or

-
If the relaxed monitoring criterion has not been met for TSearchDeltaP:

-
the UE shall set the value of SrxlevRef to the current Srxlev value of the serving cell;

-
TSearchDeltaP = 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.
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