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1 Introduction
Efficient support of variable bitrates of MBMS services is important. Video streaming bitrates can fluctuate significantly. Statistical multiplexing between MBMS service should be supported in order to take advantage of the fluctuations. This contribution discusses different multiplexing options  for MBMS service transmitted in MBSFN mode.

2 Variability of video bitrates 

It has been pointed out in [9] that the bitrate of H.264 encoded video can fluctuate significantly.  Fluctuations exist on different time scales:
· short term: different video frame types (I, P, B) have different sizes but are generated at fixed rate

· can be smoothed to some extent

· long term: different video content / scenes require different bitrate for same video quality

· cannot be smoothed efficiently by buffering due to size & delay constraints
Figure 1 shows the bitrate of a H.264 encoded sequence of a Formula 1 race. The GOP length is 1sec and the bitrate is calculated for each GOP. Figure 1a is for encoding with constant quality without any constraints on the bitrate. Figure 1b is for capped bitrate, where the bitrate is limited to the average bitrate of the unconstrained encoding, 256kbps in this example. The bitrate limitation is designed to prevent overflow of a 1sec buffer that is emptied at a constant rate, here 256kbps. The bitrate limitation is achieved by increasing the H.264 quantisation factor, leading to more visible encoding artefacts. Even for the bitrate limited encoding, there is significant variation in the bitrate, often over extended time, due to video scenes with different texture and motion.

LTE MBMS should efficiently exploit the fluctuations of video bitrates in order to save radio resources.
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Figure 1
	a) encoding with constant quality without any constraints on the bitrate
	b) bitrate is limited to the average bitrate of the unconstrained encoding, 256kbps in this example


3 Packet dropping

The MCE allocates radio resources for the MCH in each eNB participating in a considered MBSFN Area. If a service transmits more data than what is compliant with the QoS attributes or if less resource have been allocated than required, packets need to be dropped. The same packets need to be dropped in all eNBs. If the packet dropping algorithm were located in the eNB, like in the case of unicasting, then the algorithm would have to be standardised to ensure the same behaviour in all eNBs. Therefore it is proposed that the MBMS-GW takes care of the packet dropping, obeying the service specific QoS attributes. 
4 Multiplexing options

4.1 Multiplexing of MCHs

MBMS services can be mapped to different MCHs: 
· Time multiplexing of MCHs on subframe  basis is the normal multiplexing scheme. 
· Frequency multiplexing is only possible for MCHs that have the same MBSFN Area. Frequency multiplexing can be recommended for very low bitrate services, e.g. 32kbps audio. 

The MCS is set separately for each MCH. Therefore the MCS can be configured for MCH individual BLER targets, e.g. BLER=1% for streaming where efficiency of application layer FEC is reduced, and BLER=10% for downloads.

The following principles should apply:

· The different MCHs should be  announced on the MCCH, thereby supporting DRX. 

· MCCH  signalling should be used for the association of service to MCH.

· Services of different MCHs should be treated independently in the MBMS-GW.

· MCE should define the bitrate to allocated to each MCH and informs all eNBs about the MCS and the radio resource allocation.

· Padding/DTX has to be used if the data amount of a service only partly consumes the allocated resource in a subframe. 
In order to keep the padding ratio low, the allocated resource to a MCH in each scheduling interval should be sufficiently large. One limiting factor is the tolerable delay introduced by the scheduling interval, as this delay will directly impact the delay experienced when switching between MCHs.

To adapt the amount of used resources to the fluctuating service bitrate 2 options are possible:

a) An "end-of-burst" identifier needs to be sent from the MBMS-GW as part of the SYNC protocol. This allows the use of radio resources that have been scheduled by the MCE for a MCH but are not needed in the considered scheduling period for other purposes [4]. However, the unneeded resources cannot be used for other MCHs. Therefore statistical multiplexing among MBMS services cannot be achieved this way. This is a drawback in particular for MBMS dedicated carrier operation, where only MBMS services will be transmitted.
b) The allocated resource to a MCH has to be updated frequently, in the order of one or a few seconds, in order to take advantage of the video scene dependent bitrate. The MBMS-GW needs to inform the MCE about the expected bitrate during the scheduling interval. The MCE allocates resources in the eNBs and reports the amount of allocated resources in bytes back to the MBMS-GW. 
4.2 Multiplexing of MBMS services into same MCH

MAC multiplexing allows for multiplexing different RLC PDUs into one MAC SDU. This allows for larger MAC SDUs and accordingly relatively smaller overhead and better frequency diversity. PHY multiplexing means multiplexing of different MAC-PDUs (transport blocks) in the same subframe.

With MAC multiplexing services with the same BLER requirements can be multiplexed into one MAC SDU.

With PHY multiplexing services with the different BLER requirements can be multiplexed into one subframe, by configuring different MCS for different TBs and by varying the TB size.
It is assumed that the MCH allocation will follow a scheduling interval substantially longer than a radio frame. As a consequence, MAC/PHY multiplexing is more efficient than MCH multiplexing as the total allocated resource for the considered MBSFN can be split flexibly and separately for each subframe between different services and therefore less padding/DTX is required on average.

Battery lifetime is important for MBMS. In order to save power, the UE should not be required to receive in subframes where the interested service is not transmitted. For this reason, scheduling information should be transmitted from the eNB indicating the subframes where the interested service is transmitted. 
The scheduling info should cover a portion in time that is sufficiently long to enable efficient DRX and sufficiently short to  limit the delay. Delays are introduced in 2 ways:

1) eNB needs to receive from the GW all the data to be transmitted in the next scheduling interval before it can transmit this data.

2) UE when switching to an MCH needs to wait until the scheduling information is transmitted again. 

Since a switching delay of <1s is required, and probably there will some buffering delay also in the GW, the scheduling interval in eNB should not be larger than about 0.5s. 

4
Conclusion
We propose that RAN2 agree that MBMS in LTE shall support: 

· MCHs multiplexing in time and also in frequency provided they are transmitted over the same MBSFN area.

· MAC multiplexing of RLC PDUs in one MAC SDU. 
· This multiplexing scheme in the eNB follows standardised rules ensuring identical transmissions in eNBs of one MBSFN.

· Bitrate control using packet dropping in the MBMS-GW.

· Efficient DRX, so that the UE should not be required to receive in subframes where the interested service is not transmitted. 
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