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1. Introduction
For the UE power saving work item at RAN4, one left issue is how to determine the value of the scaling factor for scenario 1 and 2. From the previous RAN4 meeting we have the following agreements: 
Agreements in R4#94 e [1]
· Applicability of RRM relaxation methods for scenario#1 and scenario#2:
· Scenario #1: 
· Agreement - RRM measurement relaxation with longer intervals
· Scenario #2: 
· Agreement - RRM measurement relaxation with longer intervals
· FFS on the scaling factor of measurement interval
· Option 1: Fixed value
· FFS on one fixed value for both scenario#1 and scenario #2
· FFS on separate values for scenario#1 and scenario #2 
· Option 2: Network configurable value
In addition, at previous RAN4 meeting questions have been raised on how to handle the transition period when a UE transfer between different scenarios and the following agreement are achieved:

Agreements in R4#94 e [1]
· FFS on the transition period between scenario#1 or scenario#2 and scenario#3 
· Option1:
· When switching from scenario#2 to scenario#3, UE shall fulfill the requirements corresponding to scenario#2 for N DRX cycles and thereafter switch to requirements corresponding to scenario#3
· When switching from scenario#3 to scenario#2, UE shall fulfill the requirements corresponding to scenario #2 immediately. 
· Other option is not precluded.
In this contribution, we provide our considerations on these two topics.
2. Discussion

2.1 Discussion on the value of scaling factor
Regarding on how to extend the measurement interval during RRC idle/inactive state, we think the reasonable way to get a good tradeoff between UE power saving and impact on UE mobility performance, although it is maybe marginal. A few suggestions have been proposed at previous RAN4 meeting [x, [x], [x]. In addition, extensive simulations have been carried out at RAN1 study phase to investigate the power saving performance of few candidate solutions. One of them is the power saving gain based on increasing the measurement period technique and we provide a summary of simulations results at the following table, with the intention to find a reasonable way to determine the scaling factor. It should be noted that we only show data obtained under similar simulation environment, for example, results with the assumption where the SMTC window and the start of DRX ON is not aligned in order to get a fair comparison. More detailed information can be found in [7].
Table 1 Power saving gain against scaling factors
	Scaling factor
	2
	4
	5
	6
	8
	Extra info

	Source 1 [2]
	11.91%
	17.83%
	
	
	
	DRX-cycle=160ms

	Source 2 [3]
	24%
	36%
	
	
	
	Case 2 results in [3]

	[4]
	14.1%


	21.2%
	22.6%
	
	24.7%
	

	[5]
	19.2%
	28.8%  
	
	
	
	Case 2 results in [5]

	[6]
	
	27.9% [DRX 0.32S]

24.7% [DRX 0.64S]
19.7% [DRX 1.28S]

14.2% [DRX 2.56S]
	
	
	32.5% [DRX 0.32S]
28.6% [DRX 0.64S]

23.0% [DRX 1.28S]

16.5% [DRX 2.56S]
	3km/h and 30km/h

NLOS


From the summary we can have the following observations:
1. Comparing the power saving gain achieved by using different scaling factors, it can be found that the improvement of the power saving gain is saturated with the scaling factor increasing. The largest power saving gain increase happens when the scaling factor is increased from 2 to 4 [4]. 
2. With the increase of DRX cycle length, the power saving gain potential is decreased.  
Hence, based on the design target that the scaling factor should guarantee enough UE power saving gain to ensure the new introduced UE RRM relaxation feature make senses, we suggest to consider the minimum value of the scaling factor as 4. 
On the other hand, the tradeoff between the power saving gain and the impact on UE mobility performance should be considered as another dimension to limit the scope of the scaling factor. As mentioned at [8], under LTE Rel-12 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’. 
Based on former analysis we have the following observation:

Observation 1: Scaling factor with a range from 4 to 6 is suitable for scenario 1 and 2. 
Another aspect has been discussed during previous RAN4 meeting is whether a fixed value of scaling factor is defined or the scaling factor is configured by the network. Obviously the scaling factor will be incorporated into the minimum performance requirement at IDLE/INACTIVE state; using intra-frequency as an example, the Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra will be extended by the value of scaling factor. To our understanding, although the method using network configurable scaling factors provides more flexibility through enabling different scaling factor for different deployment scenarios, it is also useful that the network could have a consistent understanding regarding UE minimum measurement performance across different UEs within a serving cell and across different cells. Therefore we suggest a minimum scaling factor should be defined even the network configuration method is used although we prefer to define a fixed scaling factor for the measurement interval under RRM relaxation scenario. Based on observation 1, we can use 4 as a starting point and we have the following proposals:    

Proposal 1: Define a fixed scaling factor (4 could be a starting point) for the measurement interval.  
Proposal 2: A minimum value of scaling factor (4) should be defined when the network configuration method is used. 

2.2 Discussion on the transition period between different scenarios
When discussing the transition period between different scenarios, firstly we need identify whether that transition between different scenarios happens frequently or the transition is just a one-off event over a long period. We believe when a network is configured with a particular scenario, this network configuration will last for a relative long period. It is unlikely that a network is configured by a scenario for a short period and updated to another scenario. Therefore defining the transition period, which targets for different stages over a small time scale, provides little benefit over a large time scale.   
Proposal 3: It is not necessary to define transition period when a UE transfers between scenario 1, 2 and 3.  
However another question is whether the transition period between the RRM relaxation measurement stage, which could be caused by scenario 1, 2 or 3, and RRM normal measurement stage. 

Before we answer this question, we would like to clarify the application of scenario 3. At [9], RAN2 provides further clarifications on scenario 3 and the corresponding text is copied here for reference. It can be seen that scenario 3 is executed according either option a or option b. Option a is straightforward and our understanding regarding option b is a UE decides whether to perform RRM relaxation based on either low mobility criterion or not-at-cell-edge criterion, as mentioned by [9]. 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 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);

Back to the question whether to define the transition period between the RRM relaxation measurement stage and RRM normal stage, we think the necessity depends on whether a UE can stably stay at a particular mode. For the scenario where there are a lot of “ping-pong” between RRM relaxation and RRM normal stage, a transition period could be defined and the transition period applies for the following cases: 1. transition between RRM relaxation caused by scenario 1 and normal RRM stage; 2 transition between RRM relaxation caused by scenario 2 and normal RRM stage; 3 transition between RRM relaxation caused by option b of scenario 3 and normal RRM stage. 

Proposal 4: If necessary, a transition period could be defined when a UE moves between RRM relaxation stage and normal stage; the transition period applies for the following cases: 1. transition between RRM relaxation caused by scenario 1 and normal RRM stage; 2 transition between RRM relaxation caused by scenario 2 and normal RRM stage; 3 transition between RRM relaxation caused by option b of scenario 3 and normal RRM stage.

A single rule can be designed to be used in transition period for the all these cases. The rule could be: when switching from RRM normal stage to RRM relaxation stage, UE shall fulfill the requirements corresponding to RRM normal stage for N DRX cycles; when switching from RRM relaxation stage to RRM normal stage, UE shall use the requirements corresponding to RRM normal stage immediately. 
Proposal 5: If the transition period requirements are defined, the principle could be: when switching from RRM normal stage to RRM relaxation stage, UE shall fulfill the requirements corresponding to RRM normal stage for N DRX cycles; when switching from RRM relaxation stage to RRM normal stage, UE shall use the requirements corresponding to RRM normal stage immediately.

When option a of scenario 3 is satisfied, the current agreement is a UE will not perform any RRM measurement on any neighbour cells. In the current specification, no transition period is defined when a UE moves between the two stages where a UE does not perform RRM measurement on neighbour cells (Serving cell is better than SIntraSearchP / SIntraSearchQ) or perform RRM measurement on neighbour cells(Serving cell is worse than SIntraSearchP / SIntraSearchQ). The same principle could apply for the stage transition between RRM relaxation stage caused by option a of scenario 3 and RRM normal stage and the corresponding proposal is:   
Proposal 6: no transition period will be defined when a UE moves between RRM relaxation stage caused by option a of scenario 3 and RRM normal stage. 
3 Conclusion
In this contribution, we provide our further considerations on scaling factor and transition period for RRM relaxation of UE power saving work item and have the following observations and proposals:
Observation 1: Scaling factor with a range from 4 to 6 is suitable for scenario 1 and 2. 

Proposal 1: Define a fixed scaling factor (4 could be a starting point) for the measurement interval.  

Proposal 2: A minimum value of scaling factor (4) should be defined when the network configuration method is used. 
Proposal 3: It is not necessary to define transition period when a UE transfers between scenario 1, 2 and 3.    
Proposal 4: If necessary, a transition period could be defined when a UE moves between RRM relaxation stage and normal stage; the transition period applies for the following cases: 1. transition between RRM relaxation caused by scenario 1 and normal RRM stage; 2 transition between RRM relaxation caused by scenario 2 and normal RRM stage; 3 transition between RRM relaxation caused by option b of scenario 3 and normal RRM stage.

Proposal 5: If the transition period requirements are defined, the principle could be: when switching from RRM normal stage to RRM relaxation stage, UE shall fulfill the requirements corresponding to RRM normal stage for N DRX cycles; when switching from RRM relaxation stage to RRM normal stage, UE shall use the requirements corresponding to RRM normal stage immediately.

Proposal 6: no transition period will be defined when a UE moves between RRM relaxation stage caused by option a of scenario 3 and RRM normal stage. 
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