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1. Introduction

In the TSG RAN WG1 meetings in Helsinki and Denver meeting time had to be allocated on more urgent issues than MBMS, thus email discussions was started. While the email discussions were running, in the TSG RAN meeting #31 LTE MBMS was also discussed from the perspective of mobile TV support. Following the CR from operators (in the email approval [1] until March 20) the support of mobile TV was added as a requirement in 25.913 as: (only part of the added text reproduced from [1], and note the exact wording still under discussion, the basic idea seems unchallenged however)

For the Broadcast case, E-UTRA should be capable of achieving the following target performance level at cell edge when operating from the same site locations as existing UTRA systems:

In the deployment scenario where a dedicated carrier is used for Broadcast only:  

· When operating with the same content for all cells or for a group of cells broadcasting MBMS, the target performance level is FFS. Additionally techniques to improve the cell edge performance should be studied.   

Note: In Broadcast mode E-UTRA MBMS should aim the cell edge spectrum efficiency of [1 bit/s/Hz] equivalent to the support at least [16] Mobile TV channels at around 300 kbps per channel in a 5 MHz carrier in an urban or suburban environment.

· When operating with cell specific content the target performance level is FFS.

In the deployment scenario where a carrier is shared between broadcast & unicast traffic:

· The target performance at cell edge for the broadcast mode of MBMS should be in line with the existing target performance for the unicast service. Additionally techniques to improve the cell edge performance without modifying the system designed for unicast could be used.
As now has been discussed in the TSG RAN WG1 reflector, the broadcast case is now reflected in the text proposal for the TR as well, but the overall framework deserves now a bit more discussions in the light of the new developments from TSG RAN side.
In general it is easy to observe that having to support large number of mobile TV channels with approximately 300 kbps per channel fills easily a separate carrier. While a separate carrier does have some terminal impacts, it also allows optimisation from network side for broadcast cases. One could use high power sites and synchronise only the sites sending the mobile TV content. Further different site density could be facilitated which then allows to increase unicast sites/sectors when there is need for extra capacity and then one would not have to worry about new broadcast capacity as that is independent from the number of users.
When considering the requirement for lower network CAPEX/OPEX cost, also having only limited set of transmitters and sites sending the broadcast content allows saving in site and transmissions costs as well as costs related to synchronising the sites.
Other deployment benefit is the possibility to use high towers currently in e.g. broadcast use, as the interference issues (with synchronised carriers for broadcast) do not create such a problem as long as signals arrive within the window defined by CP (and synchronisation accuracy).

The purpose of this paper is to discuss the different LTE MBMS related alternatives discussed recently (in the papers submitted to e.g. Helsinki meeting) while taking the newly added separate broadcast carrier requirement into account.
2. Proposed MBMS channel structure
2.1 TDM/FDMA based multiplexing.
For the separate carrier case obviously we are having the FDM domain already there and one should define the separate carrier to exceed the minimum bandwidth capability expected from the devices. Thus on the separate carrier case only TDM should be used between different “mobile TV channels” as that allows to reduce the terminal battery consumption

Additionally when taking the requirement of large number of 300 kbps mobile TV channels into account, obviously the small bandwidths of 1.25 MHz or 1.6 MHz might not be that interesting. Also the largest bandwidths start to be questionable due spectrum issues, thus initially it is recommended to consider the 5 MHz and 10 MHz bandwidths as the base cases and then depending on the operator needs consider other bandwidths more in the actual work item phase.

2.2 Reference symbols

In order to allow combination with “a single FFT receiver for broadcast/multicast” the reference symbols needed for content reception should be identical in all cells sending the broadcast/MBMS thus the terminal does not have to worry which cells are forming the combined Rx signal.

2.3 Standalone operation of the separated broadcast carrier

It should be possible to receive the mobile TV content if the “content charging” related issues have been handled earlier even for the case when one looses the unicast carrier coverage and can only hear the broadcast carrier. This means that broadcast carrier reception should not involve continuos control information flow from the unicast cells. While this is expected to be most likely WG2 related issue, one should keep this in mind in WG1 discussions as well so that we do not create L1 solutions causing requirement to receive all the time both broadcast and unicast carriers (from the same site or from a different site). Thus any information from the unicast carrier related to the broadcast carrier should be static information. Information about which channel is coming and when in the TDM structure should be on the separate carrier rather then mixed elsewhere together with other unicast traffic.
2.4 MIMO and TX/RX diversity

In the design of the separate broadcast carrier one should take the case into account that there may be bases when terminal needs to receive both broadcast carrier and unicast carrier. Thus the resulting signal design should not mandate e.g. 4 receivers in the terminal for such a case as would be the case if both signals could be only received with MIMO decoding. Rather than going for a MIMO solution it would be perhaps worth considering whether TX & RX diversity based solution would be a better choice. This would enable single antenna reception if one is using other branch for other purposes. In case of HSDPA there was also not any benefit of MIMO in macro-cell environment, which may be partly true with LTE as well.
2.5 Channel coding for MBMS/broadcast

The use of channel coding solutions for broadcast case should follow the selections for MBMS and unicast case. This issue could then be revisited in the work item phase once the channel coding solution for unicast is sorted out.
2.6 CP length

On the separate carrier it would seem obvious to support only a single CP length, while also in most cases with the MBMS content multiplexed with unicast traffic also longer CP should be used. 

2.7 Network synchronisation

It is recommended that for MBMS to take the assumption that network and content is always synchronised if the terminal is expected to be able to deal with the combining of content from several cells. With the cell specific content the issue does not obviously matter too much.

3. Conclusions

Based on the discussion in section 2, it is proposed to adopt suggested working assumption in order to move the discussion on both mobile TV support and “regular” MBMS forward in LTE (on top of the text proposal being agreed on the reflector) to follow the discussion in TSG RAN#31.
Exact text proposal is then to be drafted depending on the outcome of the discussion of various points in section 2 of this contribution. Also it is recommended that a separate section is opened for the separate carrier case, preferably under the section 7.1.1.6. Draft text is provided in Annex A for the text proposal,
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MBMS transmissions may be performed in the following two ways:

- Multi-cell transmissions

- Single-cell transmissions

In case of single-cell transmission, the E-MBMS traffic channel (MTCH) can be mapped to the DL shared data channel (DL-SCH). In case of multi-cell transmissions, the MTCH may be mapped to another transport channel type. In case of multi-cell transmission the cells and content are synchronised to enable for the terminal to combine the energy from multiple transmission without additional receiver complexity. Also the reference symbol design needs to be such that those reference symbols needed for MBMS reception are identical in all cells to be considered for combining.
One dimension of the MBMS design is whether the MBMS transmission is actually sharing the same carrier with unicast traffic or not. For instance, for mobile TV, MBMS data can be sent on a separate carrier not carrying anything other than broadcast/MBMS related information.

In case of multiplexing MBMS transmissions with unicast traffic within the same carrier:

· Inter-subframe TDM and 

· intra-subframe FDM of unicast and multicast traffic 

should be investigated. In both cases, intra-subframe multiplexing with DL L1/L2 control channel should be supported. DL L1/L2 signalling associated with uplink data transmissions, e.g. scheduling grants and HARQ ACK may need to be transmitted in every DL subframe. The exact multiplexing of such L1/L2 signalling with the multicast transmission is FFS.

For the case of inter-subframe TDM multiplexing of multi-cell MBMS transmissions and unicast traffic, the reference signals described for multi-cell MBMS transmissions in section 7.1.1.2.2 replace those for unicast transmissions in Figure 7.1.1.2.2-1. For the case of intra-subframe FDM multiplexing of multi-cell MBMS transmissions and unicast traffic, the reference signals described for multi-cell MBMS transmissions in section 7.1.1.2.2 are in addition to those for unicast transmission in Figure 7.1.1.2.2-1.

It is desirable to have MBMS transmissions at high instantaneous data rates so that low transmission duty cycle per MBMS “channel” (source content) enables low power consumption for MBMS capable UEs. This may impose some requirements in the multiplexing of different multicast source contents at the physical layer. For the case of multiplexing unicast and multicast traffic within the same carrier, enabling low UE power consumption should be considered in the evaluation of the unicast/multicast multiplexing schemes depicted above. 

It is to be considered if limiting unicast and multicast transmission multiplexing to inter-subframe TDM within a 10 MHz bandwidth would lead to a simplified channel structure without significantly impacting efficiency.

The associated control channel for MTCH may be transmitted less frequently than the associated control channel for DTCH.

In case of multiplexing MBMS transmissions is handled with using separate carrier, especially in case of broadcast only support for mobile TV: 

· There is only TDM multiplexing between different services/mobile TV channels

· Only long CP is needed

· Bandwidths of 5 and 10 MHz are considered




































































































































































































