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1 Introduction

In SID on UE power saving [1], the objective includes efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode as follows:
3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure

b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

This contribution discusses how to improve the efficiency of state transition by enhancing UE autonomous transition to RRC_INACTIVE.
2 Discussion
In [2], we had analyzed traffic characteristic of video streaming in UE side and impact of inactivity in RRC_CONNECTED to UE power consumption. As an application requiring high data rate, a full HD 1080p video streaming from YouTube server was measured at Samsung Galaxy S7 mobile connected to LTE-A network, by using wireshark program. Figure 1 shows packet arrivals and inter-arrival time of this video streaming. In the figure, we can see that traffic pattern seems to be usually bursty arrival and there is idle time during which there is no packet arrival from the server and the user application plays the video clip using the buffered data. This means that even though video streaming is served continuously by the application, UE has sufficient time to sleep by power saving mechanism. Since the inter-arrival time could be a few seconds, it is better to enter INACTIVE or IDLE as soon as possible. 
Figure 2 shows the UE power saving for different UE inactivity times to RRC_IDLE or RRC_INACTIVE.  Since a UE enter the RRC_IDLE or RRC_INACTIVE during this inter-arrival time, the UE can save more power when the shorter inactivity time is used.  In the figure, 2sec or 1sec inactivity time has roughly 50% gain, compared to 10sec timer. Thus, shorter time is always better.
Observation 1. Video traffic pattern is Bursty traffic with inter-arrival time of a few seconds.

Observation 2. Fast transition can save the UE power consumption during the inter-arrival time during the service.
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(a) Packet arrivals over time
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(b) Inter-arrival time of packet bursts
Figure 1. Traffic characteristics of full HD 1080p YouTube streaming [2]
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Figure 2. Gain in current consumption with shorter UE Inactivity timer (2 sec, 1 sec) for modem only and total UE [2]
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Figure 3. Increase of network control signaling load [2]
A problem of early transition could be increased number of core network signaling.Figure 3 shows the number of core network signalling messages at transition to RRC_INACTIVE and RRC_IDLE, respectively, for UE inactivity time and UE mobility. It is observed that the number of core network signalling messages increases as UE speed increases and UE inactivity timer decreases. Comparing two RRC_IDLE, RRC_INACTIVE can minimize the number of signalling messages, even with short UE inactivity timer. Considering the core network signalling due to the frequent transition, it is desirable to use RRC_INACTIVE for this purpose.
Observation 3. RRC_INACTIVE reduces core network signaling due to frequent transition.

Currently, the transition to RRC_INACTIVE is supported primarily by RRC connection release with suspend-config and secondarily by inactivity timer. This means that the frequent transition to RRC_INACTIVE requires frequent RRC signaling which could be increased significantly. If the transition is supported mainly by UE autonomous way, it will be efficient in total signaling perspective, i.e. both RAN signaling and core signaling. RAN2 may need more discussion for instance how to (pre-)configure to support the autonomous fast transition to RRC_INACTIVE.
Observation 4. Transition by NW signaling may increase the number of RRC signaling.

Observation 5. UE autonomous transition by (pre-)configuration could be an efficient way.

3 Conclusion

Based on the above, RAN2 is requested to discuss the following observations and proposal:
Observation 1. Video traffic pattern is Bursty traffic with inter-arrival time of a few seconds.

Observation 2. Fast transition can save the UE power consumption during the inter-arrival time during the service.

Observation 3. RRC_INACTIVE reduces core network signaling due to frequent transition.

Observation 4. Transition by NW signaling may increase the number of RRC signaling.

Observation 5. UE autonomous transition by (pre-)configuration could be an efficient way.

Proposal. RAN2 to study fast and autonomous transition to RRC_INACTIVE.

4 References
[1] RP-181463, New SID: Study on UE Power Saving in NR
[2] R2-165904, Energy efficiency enhancement in new RRC state of NR, Samsung
[image: image1][image: image5.png]* Mogemonly
* Total UE

8 8 8 & °
(4vw) vonduwinsuod wosng



