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1. Introduction
The RRM part of UE power saving have been discussed for a few RAN4 meetings and good progress had been achieved at RAN4 94e meeting. However we still have a few open issues such as: relaxation on higher priority inter frequency layers; RRM relaxation threshold for inter frequency layer; EMR impact in power saving mode. RAN4 94e meeting’s agreements related to these areas are copied below for reference. 
Agreements in R4#94 e [1]
· RRM measurement relaxation for inter-frequency layer with higher priority
· Option 1:
· When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, no relaxation of the current measurement delay requirement is expected for inter-frequency measurement with higher priority. 
· 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.
· Option 2: 
· Measurements of higher priority carriers shall not be relaxed in high mobility scenarios (scenario #2)
· Option 3: 
· Measurements of higher priority carriers shall not be relaxed
· 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 in RAN4 94e. 
· Interested companies are encouraged to provide analysis on achievable power saving from reducing number of frequency layers for intra/inter-frequency measurements in RAN4 94bis
· EMR impact in power saving mode
· 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
· RRM measurement relaxation threshold for inter-frequency measurement
· Option 1: Introduce carrier specific search thresholds for measurement relaxation
· Option 2: Up to RAN2’s decision
In this contribution, we provide our considerations on these unsolved items.
2. Discussion
2.1 Relaxation on higher priority inter frequency layers 
Regarding RRM measurement relaxation for higher priority layers, at [2] RAN2 has the following agreements:

Moreover, RAN2 had the agreement before:

1. Whether higher priority frequencies can be relaxed is up to network configuration.  FFS on how the configuration is done. 

RAN2 is now discussing this highPriorityMeasRelax indication, and would like to ask RAN4 about the behaviour of relaxation of higher priority carriers: 

I. For the case where Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, does RAN4 envision to relax higher priority carriers measurements further than Thigher_priority_search if RAN2-defined relaxation criterion(s) is/are met?

II. For the case where Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, is there a performance or system benefit to only relax equal/lower priority carriers but not higher priority carriers measurements if RAN2-defined relaxation criterion(s) is/are met?

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 . 

As shown in the following figure, the current inter frequency RRM measurement relaxation based on scenario 1, 2 or 3 happens when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, at that time a UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection according to [3]. Obviously the current RRM relaxation criterion for inter frequency layers is not related to the higher priority measurement when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ and we have the following observation.
Observation 1: the current RRM relaxation criterion for inter frequency layers based on scenario 1, 2 and 3 have no impact on the higher priority measurement requirement defined when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ.
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Figure 1 Region where inter frequency RRM measurement requirement relaxation applies
The next question is whether to consider higher priority inter-frequency layer measurement relaxation when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the current value of Thigher_priority_search is 60s per frequency layer and we do not see any necessity to have further relaxation on this value hence we have the following proposal:

Proposal 1: When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, no relaxation on the current measurement requirement is defined for inter-frequency measurement with higher priority. 
For Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ scenario the current behaviour defined in TS381.33 are:

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 methodology of the current specification we can see when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the principle of measurement requirement is there is no difference among higher, lower or equal priority anymore. All inter-frequency layers, no matter their priority, use the same measurement requirement. As shown in figure 1, since the region for relaxation applies under Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, following the same principle, identical measurement relaxation should apply for higher priority frequency layer measurement, i.e., applying same measurement requirement for all inter frequency layers, no matter their priority. 
Proposal 2: Following current specification’s principles, when either relaxed measurement requirements or normal measurement requirements is used, using it for all inter frequency layers, no matter their priority, when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ  
From [2] we learn that RAN2 discussed the possibility where the RRM relaxation on higher priority frequency layer is determined by network configuration. In addition, RAN2 also discussed whether to introduce a corresponding IE to fulfil this target. If RAN4 has the agreement to define the higher priority inter frequency layer based on former proposal, a LS should be sent to RAN2 to inform RAN2 about RAN4’s conclusions.     
2.2 RRM relaxation threshold for inter frequency layers
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.

If the principle of proposal 3 is agreeable then the corresponding conclusions should be sent to RAN2 through a LS. 
2.3 EMR impact on UE power saving  
At the CA/DC enhancement work item the early measurement reporting is introduced with the intention to reduce the CA/DC setup when UE enters to connected mode. If UE is in power saving mode, RRM measurement requirement will be relaxed and the impact on the EMR should be investigated. 

Before we analyse this issue for each deployment scenario, we would like to clarify the scenario 3. At [2], RAN2 provides further clarifications on scenario 3 and the corresponding text is copied here for reference. 

For option b of scenario 3, a UE decides whether to perform RRM relaxation based on either low mobility criterion or not-at-cell-edge criterion. When a UE enters RRM relaxation mode through a particular criterion, for example through low mobility criterion. During RRM relaxation mode, that UE will only monitor that particular criterion (here is the low mobility criterion) to determine whether to stay or leave RRM relaxation mode and will stop monitor the other criterion. If a UE leave RRM relaxation mode it will monitor the two criteria (low mobility/not-at-cell-edge) again to determine when enters into RRM relaxation mode. Hence when option b is used, from the UE behaviour point of view, a UE looks like using either scenario 1 or scenario 2, or using scenario 1 or 2 in turn.    
When network configures the parameters of both low mobility and not-at-cell-edge criteria. UE can perform measurement relaxation according one of the following options, which is indicated by the network:

· Option a: UE uses both low mobility criterion and not-at-cell-edge criteria, i.e. UE can perform relaxation only when both criteria are fulfilled. And detailed relaxation behaviour is up to RAN4 discussion and decision;

· Option b: UE uses either low mobility criterion or not-at cell-edge criterion (the selection can be left to UE implementation), i.e. UE can perform relaxation when either low mobility or not-at-cell-edge criterion is fulfilled. And detailed relaxation behaviours are same as case that network only configures the criterion fulfilled (either low mobility or not-at-cell-edge criterion);

For scenario 1, 2 and option b of scenario 3, RRM measurement will be executed with a longer interval. The scaling factor will be selected to provide a good balance between the UE power saving and minimal impact on the mobility performance. Hence the only impact on EMR when a UE stays at RRM relaxation mode is that within a particular time window, the measurement samples collected is less than that of the normal RRM measurement mode. Moreover the accuracy requirement of each sample is the same, no matter it is collected under the relax mode or the normal mode. 

Based on the UE power saving design assumption that the UE mobility performance is not impacted or slight reduced and the accuracy of samples is not degraded, the quality or the statistical properties of the sample set should be good enough for a UE to fulfil other pruposes, including targets of EMR, especially the EMR functionality does not require any urgent action. For option a of scenario 3, since no measurement will be performed under this scenario, how the UE power saving and EMR corporate under this scenario need further investigation. 
Proposal 4: Support option 3 of EMR in power saving mode at [1], i.e., RRM relaxation should apply for EMR frequency layer, for the scenario 1, 2 and option b of scenario 3. 
Proposal 5: For option a of scenario 3 of UE power saving, the impact on EMR needs further investigation. 
2.4 Triggering RRM relaxation mode
The criteria and scenarios on how to execute RRM measurement relaxation have been clearly defined however another question, how to determine when to enter RRM relaxation stage has not been widely discussed. In general, the criteria to determine when triggering RRM measurement relaxation is based on the comparison between serving cell quality and network configured threshold. However how frequently the comparison should be done at the time domain has not been discussed. At the current specification it mentions:

The UE shall measure the SS-RSRP and SS-RSRQ level of the serving cell and evaluate the cell selection criterion S defined in TS 38.304 [1] for the serving cell at least once every M1*N1 DRX cycle
 Hence the default comparison period is once per M1*N1 DRX cycle, or once per DRX cycle assuming M1=1 and N1 =1. Based on the rate, the comparison may be too many and if the quality of serving cell has a large variation, there maybe “ping-pong” issue, i.e., a UE moves between normal RRM measurement mode and relaxed RRM measurement mode frequently. One possible solution is to allow one comparison over K* M1*N1 DRX cycle where K is not less than 1 to see whether it provide any benefit. Anyway we suggest have further investigation on this issue. 
Proposal 6: How frequently a UE to judge whether enters/leaves RRM relaxed mode needs further investigation.  
3. Conclusion
In this contribution, we provide our further considerations on remaining issues of the NR UE power saving WI and provide the following proposals:
Observation 1: the current RRM relaxation criterion for inter frequency layers based on scenario 1, 2 and 3 have no impact on the higher priority measurement requirement defined when Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ.

Proposal 1: When Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, no relaxation on the current measurement requirement is defined for inter-frequency measurement with higher priority. 
Proposal 2: Following current specification’s principles, when either relaxed measurement requirements or normal measurement requirements is used, using it for all inter frequency layers, no matter their priority, when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ  

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

Proposal 4: Support option 3 of EMR in power saving mode at [1], i.e., RRM relaxation should apply for EMR frequency layer, for the scenario 1, 2 and option b of scenario 3. 

Proposal 5: For option a of scenario 3 of UE power saving, the impact on EMR needs further investigation. 

Proposal 6: How frequently a UE to judge whether enters/leaves RRM relaxed mode needs further investigation.  
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