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Discussion
1 Introduction

A revised Work Item Description was agreed at RAN Plenary #51 (March 2011) entitled Service continuity and location information for MBMS for LTE [1]. The Work Item recognises that mobility procedures do not account for eMBMS reception in Release-9/10 and divides the work to be addressed into two main areas, namely, support for localised MBMS areas via location information, and enabling the network to provide continuity of the desired MBMS service(s).
Initial discussion of this Work Item was undertaken at RAN2#73bis (April 2011). One topic of discussion focused on the support, or otherwise, for transmission of MBSFN on more than one component carrier within a carrier aggregation scenario and whether a UE should be capable of simultaneous reception of MBSFN transmissions on more than one component carrier.
This paper focuses on this aspect of the WI and attempts to provide some guidance by presenting an analysis of the application data rates required for smartphone and tablet devices available today and in the future, and setting this against the expected capacity for MBSFN in LTE.
The paper concludes with a discussion of the analysis and conclusions for a way forward.
2 Analysis
This section provides an analysis of:

· Different display technologies and the corresponding application data rates.
· The available application rates for eMBMS based on the stated assumptions.
2.1 Display technologies
Table 1 provides a comparison of current device types, their typical display and video characteristics and the application data rate required for each. In each case a video frame rate of 30fps is assumed and use of an H.264 / MPEG4 codec.  Compression rates for use with the H.264 codec vary quite widely dependent upon the application and therefore what may be considered acceptable quality. Although, devices already available are commonly supporting HD 720p video, and some are even supporting 1080p, the compression rates being used by typical service providers ([6], [7], [8], [9]) reflect their expectations of the broadband transport networks. 3D capable handset/tablet devices are already becoming available, however, we have not included consideration of the provision of 3D services to current devices.
	Year
	Device Type
	Display Size (inches)
	Typical Resolution (pixels)
	Typical Resolution (ppi)
	Display
type
	Video playback format
	Application data rate / channel (Mbps)
[6] [7] [8] [9]

	2011
	Handset
	3.5 – 4.3
	854 x 480
	220
	WVGA
	up to 720p

or 1080p
	2.25 – 4  
3.5 – 8 

	2011
	Hi-Res Handset
	3.5 
	960 x 640
	330
	>WVGA
	up to 720p

or 1080p
	2.25 – 4

3.5 - 8

	2011
	Tablet
	7 - 10
	1024 x 600

1024 x 768

1280 x 800
	130 - 170
	WSVGA, XGA,

WXGA
	up to 720p

or 1080p
	2.25 – 4

3.5 - 8


Table 1:  A summary of current video display characteristics
Release 10 LTE-A is not expected to be commercially deployed until about 2015. This Work Item is due for completion at RAN Plenary #55 Q1 2012 with Release 11 the targeted release. There is an estimated three or four year gap between the completion of this WI and the commercial availability of Release 11 networks. It is therefore likely that display technologies and the streaming video capabilities of devices will increase over the coming years before Release 11 LTE networks are deployed in say 2016.
Table 2 provides a prediction for 2016 of the likely device types, their typical display and video characteristics and the application data rate required for each. In each case a video frame rate of 30fps is again assumed and use of an H.264 / MPEG4 codec.  By that date it expected that users will expect availability of good quality full 1080p HD video on their mobile devices. As mentioned above compression rates for use with the H.264 codec can vary quite widely, however, a report for OfCom in 2009 [10] suggested that a constant video bit-rate of around 13Mbps is required to give reasonable 2D 1080p/50 HDTV with current state of the art encoders. We have assumed smart codec technology will allow 3D services to be provided at a factor of just 1.6 times the data rate for a 2D video stream.
	Year
	Device Type
	Display Size (inches)
	Typical Resolution (pixels)
	Typical Resolution (ppi)
	Display type
	Video playback format
	Application data rate / channel (Mbps)
[6] [7] [8] [9] [10]

	2016?
	Hi-Res Handset
	4 - 5
	1920 x 1080
	500
	HD 1080
	1080p
	3.5 - 13

	2016?
	3D Hi-Res Handset
	4 - 5
	1920 x 1080
	500
	HD 1080
	1080p
	5.6 – 20

	2016?
	Hi-Res Tablet
	9 - 12
	2560 x 1440
	270
	WQHD
	1080p

or 2K
	3.5 - 15

	2016?
	3D Hi-Res Tablet
	9 - 12
	2560 x 1440
	270
	WQHD
	1080p

or 2K
	5.6 - 24


Table 2: Projected video display characteristics in the Rel-11 deployment timeframe.
2.2 eMBMS capacity
This section provides an analysis of eMBMS capacity. The following assumptions apply:
· Subframes available for MBSFN: FDD = 6, TDD = 5.
· MBSFN region of the MBSFN subframe uses the extended cyclic prefix (CP) with MBSFN reference signals.
· Non-MBSFN region of the MBSFN subframe contains 1 symbol for control.
· No retransmissions assumed.
· MBSFN is transmitted at 16QAM with a 1/3 rate coding. This is a representative assumption aligned with TR 25.814 [2] and used in early eMBMS simulation studies, for example in [3] and [4].
· 5% additional overhead accounting for MCCH, MCH scheduling and u-plane protocol headers.
Table 3 presents a comparison of MBSFN application layer throughput for different channel bandwidths.
	Channel bandwidth
	5MHz
	10MHz
	20MHz

	16QAM 1/3 rate coding per MBSFN subframe allowing for MBSFN reference signals, 1 control symbol and 5% overhead (Mbps)
	0.37
	0.73
	1.46

	Total MBSFN capacity per carrier (FDD) (Mbps)
	2.2
	4.4
	8.8


Table 3:  A comparison of MBSFN application layer throughput against channel bandwidth.

3 Discussion
A wide variety of current smartphones are provided with WVGA displays (864 x 480), and some are even 960 x 640 pixels, supporting both 2D and 3D content; tablet devices in turn have similar and often higher resolution displays, e.g. up to WXGA (1280 x 800).
Release 11 LTE-A is not expected to be commercially deployed before about 2016. In light of this fact careful consideration and forward planning needs to be made to ensure that LTE networks can support devices available at the time of network roll-out. It is a maxim that device complexity, and in this case display technology, will always increase.
From Tables 2 and 3 it is apparent that application data rates for devices available at the time of writing is in the range 2.25-8Mbps, with up to 20Mbps required by time the features specified in this Work Item are expected to be commercially deployed. Table 4 provides a summary of the number of concurrent services possible for different display technologies against channel bandwidth.
	Channel bandwidth (display technology)
	5MHz
	10MHz
	20MHz

	Application data rate of 2.25 Mbps (Basic quality HD720p)
	0*
	1
	3

	Application data rate of 3.5 Mbps (Basic quality HD 1080p)
	0*
	1
	2

	Application data rate of 4 Mbps (Good quality HD720p)
	0*
	1
	2

	Application data rate of 5.6 Mbps (Basic quality 3D HD 1080p)
	0*
	0*
	2

	Application data rate of 13 Mbps (Good quality HD 1080p)
	0*
	0*
	0*

	Application data rate of 20 Mbps (Good quality 3D HD 1080p)
	0*
	0*
	0*


* Note that in these cases aggregation of eMBMS services across component carriers would need to be considered to support at least one service of this type; furthermore aggregation would need to be supported in the UE and simultaneous reception of multiple component carriers.
Table 4:  A summary of the number of concurrent services possible for different video display rates against channel bandwidth.
4 Conclusions

This paper has presented a review of display technologies for both smartphone and tablet devices. An assessment of eMBMS capacity has been detailed. Furthermore it has been stated that new devices are likely to have higher resolution displays. Given that there is an estimated three/four year gap between the completion of this WI and the commercial availability of Release 11 networks then device requirements at the time of deployment and the correct dimensioning of eMBMS in the eUTRAN need to be considered during specification.
The results in Table 3 clearly show that there is limited support for MBMS services within a single carrier even at high channel bandwidths given the higher application data rates expected in the Release deployment timeframe. For example only one 2.25Mbps services can be supported in a 10MHz channel when all available subframes are allocated to MBSFN.
Based on the discussion presented it is recommended that RAN2:

1. Support transmission of eMBMS (MBSFN) on more than one component carrier where carrier aggregation is deployed.
2. Consider the support for simultaneous reception of eMBMS on more than one carrier by the UE. See for example the case of 10Mbps application data rates in Table 3. In this case support is required for the reception of one service that is transmitted simultaneously across two carriers. This is different to supporting two different services being simultaneously transmitted on two different carriers.
3. As a consequence of (2) above, consider whether the different carriers should be part of the same MBSFN Area and if so how this might be achieved.
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