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1. Introduction

Use case and benefit of applying scalable video technique for efficient UE Power Saving and Fast Stream Switching is described in current Draft TR 26.9de Improved Video Support for PSS and MBMS Services (Release 9) [1]. 

A solution applying time-slicing technique achieving the use case was proposed in [2]. This document presents analysis of power saving effect and stream switching latency of the proposed time slicing method [2].

2. Background and Assumptions
Figure 1 depicts an example of proposed time slicing method described in [2]. In Figure 1, three video streams (stream-A ~ stream-C) are multiplexed in time-slices repeated in 3*T duration. As a result, UEs may repeat DRX operation in 3*T period and conserve battery power. The length of the sleeping interval between data reception may range from few hundred milliseconds to several seconds, and the power saving efficiency is increased as the sleep interval becomes large. 
However, a trade-off is that user may experience long delay when changing streams due to increased DRX interval. In order to achieve fast stream switching, preview stream which consist of base layer frames of all SVC streams is produced, and transmitted continuously. 

A UE which performs stream switching accesses the preview stream immediately and display low-quality video quickly while the UE is waiting for time-slice data. As a result, efficient power usage with fast stream switching can be achieved using SVC streams. The proposed use case and solution exhibit that SVC may be beneficial not only for improving video quality but it can also be helpful for improving battery life and fast stream switching.

Meanwhile, the reply LS receive from RAN2 (R2-095350) confirmed that the proposed power saving method may be feasible in existing system with little or no impact. Currently, the repetition period for MCH multiplexing, i.e. MSAP (MCH Subframe Allocation Pattern) period, supported for MBSFN transmission ranges from 80 msec ~1280 msec. 
The proposed time slices can be mapped into existing MSAP structure and be transmitted using MBSFN mode. However, it is also noted that the time slices may be transmitted in much simpler MCH channel structure.
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Figure 1: A method for structuring time-slice and preview channel using two layer SVC.

Figure 2 shows an example of MBMS service allocation in MSAP structure when the length of MSAP is 320 msec. Note that an LTE radio frame of 10 msec length consists of ten subframes (1 msec), therefore MSAP of 320 msec consists of 32 radio frames. 

With this configuration, multiple video streams are multiplexed and transmitted in every 320 msec period. Therefore a UE may repeat data reception at every 320 msec and turn-off the radio component between the data reception. However the exact location and length of subframes containing a stream data is variable. Therefore, the location information, i.e. DSI (Dynamic Scheduling Information), is transmitted in the first one or two subframes of MSAP. This means all UEs must wake-up twice in MSAP period, first for reading the DSI and second for reading the actual stream data. Therefore the average sleep interval of UEs is actually less than half of the MSAP length, which is less than 160 msec in this example. 
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Figure 2: MBMS service allocation in MSAP

Evaluating the power saving efficiency is difficult because the actual power usage of radio components is very different by manufacturers. However a general assumption is that the power consumption of radio components is proportional to total sum of active time. Therefore in this analysis, the power consumption is calculated by the total number of subframes to read.
Another important assumption is that UEs need wakeup latency of at least 20 msec prior to transition to active state. We believe this is valid assumption in general because UEs in deep sleep state need several steps of warming-up procedure, such as clock recovery, CP synchronization, PDCCH or MCCH check, etc. In order to complete the series of warming-up procedure reliably, at least two radio frames need to be checked, and it will require minimum 20 msec of latency. Therefore, this overhead latency is added for each wakeup event.
Finally, the overhead caused from interleaved subframe allocation pattern should also be considered. It is because the MCH subframes are not allocated consecutively in radio frames because the physical radio frames should be shared with unicast data or other MCH data. 
In this document, we suppose simple allocation model that maximum 6 MCH subframes out of 10 subframes of a radio frame is used for MBSFN transmission. In this simple allocation model, it is assumed that 4 subframes in a radio frame position #0, #1, #5, #6 are not used and accounted as overhead subframes. Therefore, when there are 5 subframes to be allocated in a radio frame, the actual number of subframes to read, including overhead, will be 7 (=2+5), and the power consumption will be calculated as such.
However, it is noted that some highly efficient radio chipset is capable of switching on/off the power in a granularity of few micro-seconds. In such case, the overhead calculation as proposed here may need to be reconsidered.

3. Analysis of Performance
In this analysis, it is assumed that 40 number of TV streams share the channel capacity of 10 Mbps, hence the average rate of each TV stream is 256 kbps.

Table 1 shows the power saving efficiency of the time slicing method when the multiplexing periods are {160 msec, 320 msec, 1280 msec, 2560 msec}. 
Since the multiplexing periods are shared with 40 streams, the average length of each TV stream in the periods are {4 (=160/40), 8 (=320/40), 32 (=1280/40), 64 (=2560/40)}. Note that this is also the number of subframes to read by each UE, including the overhead subframes .
At each multiplexing period, UEs must wakeup twice to read DSI (2 subframes) and the data subframes. Warming-up latency of 20 msec should be added prior to each wakeup event. Therefore, the actual number of subframes to read by UE is {45 (22+24), 50 (=22+28), 74 (22+52), 106 (=22+52)} respectively to each multiplexing setting. 
Total number of active time (i.e. total number of subframes to read) calculated in period of 2560 msec is {720 msec, 400 msec, 148 msec, 106 msec}. 

Therefore, the power consumption ratio compared to the case of no power saving support is {28.8% (=736/2560), 15.6% (=400/2560), 5.8% (=148/2560), 4.1% (=106/2560)} respectively. 
Figure 3 shows the power consumption curve as the length of multiplexing is increased from 80 msec to 2560 msec. This shows that there is clear benefit if long multiplexing period, e.g. 2.5 seconds, is used, and the power saving efficiency becomes large as the multiplexing period is increased. 
Table 1  Evaluation of power consumption ratio and stream switching latency

	Repetition Period
	160 msec
	320 msec
	1280 msec
	2560 msec
	= p

	# of subframes per service
	4
	8
	32
	64
	m = p/40

	# of subframes to read
	46 (=22+24)
	50 (=22+28)
	74 (=22+52)
	106 (=22+84)
	(see *note1)

	Total Active

in 2560msec
	736 msec
	400 msec
	148 msec
	106 msec
	= ta

	Power Consumption
	28.8%
	15.6%
	5.8%
	4.1%
	= ta / 2560

	Switching Latency


	2 seconds
	2 seconds
	2.7 seconds
	3.3 seconds
	

	
	1 seconds
	1 seconds
	1 seconds
	1 seconds
	with preview support


*note1 : warming-up (20msec) + DSI (2 subframes) + warming-up (20msec) + data
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Figure 3: Power consumption ratio at each length of multiplexing period

Table 2 also shows the latency comparison when streams switching is performed without support of preview streams, and with the support. 

When there is no preview stream support, typical stream switching behaviour requires latency for buffering, I-frame searching, decoding, etc. This normally takes about 2 seconds in typical mobile device. In addition, average half of the multiplexing length should be added for waiting time-slice data, thus the total switching delay can be longer than 2 seconds.

If the fast stream switching feature using preview stream is supported, the preview streams can be transmitted together with time-slice data. In this case, UEs may store the preview data in internal cache memory and display low quality video instantly when stream switching is requested. 

4. Conclusion
In this document, analysis of UE power saving effect using time-slicing method is presented. The evaluation result shows that there is clear benefit of employing large multiplexing period, e.g. 2.5 seconds, and SVC will be helpful in removing the trade-off of increased zapping delay. 

There are also other benefits of proposed time-slicing method, such as improved video quality in bad signal reception area. Further analysis on such characteristics will be presented in future.

Based on the discussion and analysis result, we propose to include above texts into current IVS TR and continue to investigate the benefit base on the use case and solution.
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