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1. Introduction

In this document, we raise a question on underlying assumption of the benefit of statistical multiplexing for MBMS. Considering BMSC influence on MBMS traffic flows, MBMS traffic may not be stochastic but rather it may be a normalized CBR. Therefore, current discussion on dynamic scheduling needs to be re-examined, and we address the benefit of MBMS multiplexing in BMSC with fixed allocation of large size MSAP, e.g. 2~6 seconds long, if the delay constraint of MBMS service can be relaxed.
2. Discussion
2.1 BMSC influence on MBMS traffic flow
One of underlying assumption in the discussion on statistical multiplexing of MBMS service [1] is that MBMS traffic flow will be stochastic because the source bit-rate of MPEG is VBR. However this assumption may not be true if the role of BMSC is taken into account. 

In current specification of TS 26.346, TS 23.246, BMSC performs a series of buffering, trans-coding, encryption and FEC functions on TV streams. Therefore, after the TV streams are treated in BMSC, the traffic pattern may no longer be stochastic, but it may be a moderated VBR. Furthermore, operators may enforce traffic shaping on MBMS traffic in order to avoid traffic congestion in core network. In fact, it can even be a constant bit-rate if BMSC intentionally transform VBR traffic to CBR. In this case, the MSAP pattern will be very regular, and the DSI information is unchanged in every MSAP occasion. Therefore the benefit of statistical multiplexing and usage of DSI may need to be re-examined.
One may argue that shaping VBR traffic to CBR will cost significant delay in TV service. However, it is noted that non-interactive TV service is one-way, delay insensitive service that TV viewers are generally tolerant to several seconds of latency. For example in non-3GPP TV service, e.g. HDTV, satellite TV, DMB or DVB-H, considerable delay is already included in the process of source coding, buffering, traffic shaping and transmission via long-haul network. However the latency does not affect to service quality and TV viewers are unaware of the delay.
2.2 MBMS service multiplexing by BMSC
As discussed above, BMSC may influence on MBMS traffic flows, and MSAP pattern can be very regular if BMSC generates constant bit-rate MBMS flows. In fact, BMSC may perform MBMS service multiplexing and scheduling on behalf of eNodeBs. In this case, eNodeBs may only need to map the multiplexed MBMS data onto MSAP structure and transmit the MSAP at scheduled time, hence it greatly reduces burden of eNodeB. 

It is also noted that DSI may not be necessary for periodic services, e.g. TV service, if the size and configuration of MBMS multiplexing is pre-determined. Since BMSC performs transcoding and FEC generation, BMSC is able to fit the MBMS data into target size of multiplexing slots. The information of MBMS multiplexing can be made known to UEs using notification message or MCCH. Therefore, UEs may perform periodic MCH data reception without relying on DSI. This will also be helpful for simplifying UE function.
Figure 1 below describes an enabling architecture of proposed MBMS service multiplexing. In the figure, BMSC multiplexes MBMS flows and distributes the multiplexed data to eNodeBs. The information of MBMS multiplexing is passed to UEs using notification message or MCCH. eNodeBs allocate the received MBMS data into MSAP and transmit MSAPs at scheduled time. Therefore, UEs are able to perform periodic DRX operation and receive MBMS service without using DSI.
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Figure 1 Enabling architecture for MBMS multiplexing in BMSC
2.3 MBMS service multiplexing in large time-scale 

With the help of BMSC, MBMS functions in eNodeB as well as UE will greatly be simplified. 

Further improvement in power saving gain and performance enhancement can be achieved if BMSC multiplexes MBMS service flows in large time-scale, e.g 2 seconds ~ 6 seconds. This will require BMSC buffering of MBMS service flows for relatively long period of time, as a result, large size MSAP will be necessary to contain the buffered data. The benefit of long MSAP is listed below;
1) It will be easy to normalize variation of VBR traffic if long period of buffering is applied. The size of buffered data will become consistent, as a result, it will be easy to fit MBMS data into fixed size MSAP.
2) It will reduce the frequency to generate multiplexed MBMS data, hence the burden in BMSC and eNodeB is reduced.

3) Significant power saving gain can be achieved because UEs may sleep for relatively long period of time. Note that UE may completely shutdown radio component and stay in idle mode if the sleep interval is sufficiently long, i.e. more than 1 seconds.
Table 1 below summarizes the characteristics of long MSAP and compares it with the case of short MSAP. 

	
	Short MSAP (with DSI)
	Long MSAP (fixed size)

	Scheduling Period
	80msec ~ 640msec
	2 ~ 6 seconds

	Size & Configuration
	variable
	constant

	DSI
	necessary
	no need

	UE Complexity
	complex (in DSI failure)
	simple (no DSI)

	Power Saving Gain
	low
	high

	Channel Zapping Time
	short
	long


Table 1 Summary of the characteristics of short MSAP and long MSAP.

As illustrated in table 1, long MSAP shows generally good characteristics, however a trade-off of long MSAP is that service switching time is also increased as the MSAP length is increased. For example if a user changes a TV service, the user may have to wait until next period of MSAP occasion, and it can be several seconds if long MSAP is employed. 

Currently, fast content switching is being discussed in SA4 that improved user experience can be supported using advanced coding technique. Although the solutions are still being progressed, the efforts in SA4 address that it may be appropriate to find the fundamental solution for fast service switching in the level of application layer rather than in access stratum. Therefore, a joint effort with SA4 and RAN2 will be necessary to find best solution for efficient MBMS multiplexing and fast service switching. 

Finally, it is noted that DVB-H also achieved significant power saving using similar multiplexing scheme. In the case of DVB-H, fixed size of time-slices are transmitted in relatively long cycle, e.g. 2~3 seconds, and a study showed that more than 40% of power saving gain was achieved [2].

3. Proposal

Based on this discussion, we propose to take following working assumptions into consideration and apply relevant changes in TS 36.300.
· it is acceptable introducing several seconds of latency in non-interactive TV service.

· given the relaxed delay constraint, BMSC performs MBMS service multiplexing and scheduling, and eNodeBs transmit the multiplexed data (i.e. MSAP) according to scheduled time.

· it should be possible to support extended length of MSAP, e.g. 2 ~ 6 seconds long.

Once the working assumptions proposed above is acceptable in RAN2, it will require a joint effort with SA2 and SA4 in order to define efficient structure for MBMS multiplexing. 
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