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1. Introduction

In SA4 #54 Ystad meeting, following use case on “UE power saving and Fast Stream Switching” was discussed and agreed to be included in current IVS TR.
“5.2.3.3 UE Power Saving and Fast Stream Switching in MBMS

Efficient power usage is an important criterion in providing MBMS TV service. When the TV stream is transmitted continuously, UE should receive data continuously in active mode, as a result, battery power is consumed. Typical method used for UE power saving is scheduling the transmission and sleep period that UE may turn-off radio component during the sleep interval. This requires discontinuous transmission of MBMS streams. However, a trade-off is that user may experience long delay when switching between streams, if the sleep interval is increased. It is required UE should be able to achieve efficient power usage without incurring long switching delay. IVS may be used for providing quick view of low-quality video while the UE is performing stream switching, as a result, it provides better user experience when changing stream, and improves battery life.”
This document proposes a solution achieving the use case. 
2. Solution
2.1 UE Power Saving and Fast Stream Switching for MBMS
2.1.1 MBMS Service Multiplexing and UE Power Saving
Multiple MBMS TV streams can be multiplexed in time-slots for the purpose of efficient resource and power usage. For example, MSAP (MCH Service Allocation Pattern) [1] is a method that statistically multiplexing MBMS streams in time-slots. In the MSAP method, eNodeB collects multiple MBMS stream data for every hundreds of milliseconds, and multiplexes them in a single MCH channel. The benefit of such short cycle multiplexing, in LTE perspective, is primarily for efficient allocation of radio resource and secondly for UE power saving. UEs receiving the MSAP multiplexed stream will perform short cycle of sleep mode, as a result, it reduces battery power consumption.
While the short cycle multiplexing achieves certain level of UE power saving, further improvement can be made if the UE performs sleep cycle in large time-scale. This requires buffering of TV streams for long period, e.g. several seconds, and multiplexing them in relatively large time-slots. For example in DVB-H[2], multiple TV streams are multiplexed in time-slices repeated in every 2~3 seconds. A DVB-H mobile device periodically receives bulk data transmitted at every 2~3 seconds, and completely shutdown radio component between the reception time, as a result, it achieves efficient power usage. It is noted that significant power saving can be achieved only when the sleeping interval is long enough to compensate the overhead latency for shutdown and warming-up of RF component.
A trade-off of long sleep cycle is that stream switching delay is also increased as the sleep interval becomes long. For example, figure 1 describes a time-slot structure multiplexing M number of TV streams (Ch#1 ~ Ch#M). The duration for transmitting M number of time slots is N seconds, therefore a stream data is transmitted in every N seconds. 
When a UE receiving stream Ch#1 is changing the stream to Ch#2 at the slot time Ch#3, the UE has to wait at least N seconds for receiving next transmission of Ch#3, hence zapping delay is incurred. 
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Figure 1.  Proposed MBMS Stream Multiplexing using SVC
2.1.2  Fast Stream Switching using hierarchically encoded streams

Figure 1 above describes an improvement for fast stream switching in the case when stream multiplexing in large time-scale is employed. In order to perform fast stream switching, it is assumed that each streaming data is hierarchically encoded with at least a base layer and multiple enhancement layers. The ratio of bandwidth between base layer and enhancement layers can be 1:16 ~ 1:4. Low-quality video can be displayed with decoding base layer, and the quality can be improved when enhancement layers are additionally decoded. Each slot contains enhancement layers of a stream, and base layers of all M streams. 

A simple method achieving this mix is collecting base-layer data of prior (M-1) time-slots, and inserting the data at each time-slot. As a result, each time slot includes base layer data of all M streams. There can be other methods for mixing base layers and enhancement layers of which different resource utilization and stream switching behaviour is characterized.
When a UE receives a slot data, the UE stores base layers of all M streams in cash memory. When the user changes stream, the UE retrieves base layer of the requested stream from the cash and displays decoded base layer while it is waiting the requested stream is transmitted. As a result, low-quality video of the requested stream is displayed instantly, and normal quality video is recovered soon after the UE receives enhancement layers. 

It is noted that base layer data stored in the cash memory may also be used for displaying multiple thumbnail previews simultaneously in screen that offers user friendly EPG (Electronic Program Guide) interface. 
2.1.3 Requirements and Architecture for MBMS Multiplexing
The minimum requirements identified to support the proposed multiplexing of MBMS streams are as followings;
· It should be possible to identify layers of hierarchically encoded audio/video streams.

· It should be possible to multiplex multiple audio/video streams into time slots of pre-determined size.

· It should be possible to schedule transmission time of the multiplexed time slots.
· It should be possible to inform the scheduled transmission time of the time slots to UEs.
· It should be possible for UE to perform discontinuous reception (DRX) of the time slots.
· It should be possible to minimize update of scheduling information.

In the requirements listed above, the last bullet point is important to prevent from unnecessarily frequent reception of scheduling information by UE. A straightforward method to prevent this is pinning down the size and order of the time slots during which the MBMS sessions are not changed. If the configuration of time slots is not changed, the scheduling information does not need to be updated, and UEs may regularly perform discontinuous reception of the time slots. This may incur additional delay for filling the time slots of fixed-size with VBR streams, however this is considered as an acceptable delay in the context of receive only broadcast service.
Figure 2 below shows a feasible architecture for proposed MBMS multiplexing. In this architecture, BMSC identifies layer information of MBMS streams and performs proposed MBMS multiplexing and scheduling of time slots. The BMSC sends information of time slot configuration to MME, and MME requests to eNodeBs to broadcast the information. In user plane, BMSC indicates information of scheduled transmission time in time-slots, and distributes the data to eNodeBs. eNodeBs transmit the multiplexed data at scheduled time, as a result, UEs may perform discontinuous reception and efficient power saving.
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Figure 2. Proposed Architecture for MBMS Multiplexing
3. Proposal

We propose to accept above texts as a solution to achieve use case described in section 5.2.3.3 "UE Power Saving and Fast Stream Switching in MBMS".
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