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1
Introduction
UE capabilities needed to provide broadcast services on a dedicated frequency layer were discussed in 2006 in e.g. [1] and [2]. This discussion has so far been inconclusive. In this document we try to reflect the progress in E-UTRAN specification work, and propose to discuss the way forward so that the means to provide dedicated carrier MBMS service could be concluded upon.
2
Discussion
It has been concluded by RAN WG1 that only TDM on subframe basis of data transmission on MBSFN and non-MBSFN on the same carrier is supported [4]. With this approach it is anticipated that for a terminal offering MBMS capability on mixed carrier, support of simultaneous unicast and MBMS operation is not a major step, especially if the supported maximum unicast data rate can be lowered during simultaneous reception. Therefore, for the mixed carrier case simultaneous unicast and MBMS support is likely to exist in all E-UTRAN UE:s supporting MBMS.
The network deployment method of MBMS, shared or dedicated, should not be visible to the end user. Assuming that simultaneous use is supported on mixed carriers, it will be confusing to end-users, if terminal capability is different between mixed-carrier and dedicated carrier deployments. With no simultaneous reception support on dedicated carriers both roaming and operator network migration cases would bring extra complications to the end-user.  

Also from end-user point of view, already the currently available broadcast-oriented terminals, e.g. cellular + DVB-H, support simultaneous use of unicast and broadcast services. Alternating service support would therefore also be clearly inferior to the service offering available today, and would therefore have to compete with price, which is no likely to be healthy at the time of E-UTRAN introduction.
Finally, requirement-wise, in TR 25.913 [3] section 7.5 “Further Enhanced MBMS” the following recommendations are given:

b)
Voice and MBMS – the E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated voice and MBMS services to the user.

c)
Data and MBMS – The E-UTRA approach to MBMS should permit simultaneous, tightly integrated and efficient provisioning of dedicated data and MBMS services to the user.
Based on these reasons, it is seen that the target should be to ensure simultaneous support of unicast and MBMS services. The rest of the document discusses how this could be achieved together with a dedicated MBMS layer. In order to make E-UTRA dedicated carrier MBMS competitive solution it would also be beneficial to consider reasonable UE complexity and cost in addition to the system flexibility. 
There are three basic ways to provide simultaneous reception capability in a dedicated carrier deployment:
Alt1a: Uncoordinated solution with separate unicast and MBMS receivers

Alt1b: Frequency-multiplexedUncoordinated solution with sharing of unicast and MBMS receivers

Alt2: Time-multiplexed solution

These three alternatives and their benefits and drawbacks are considered further in the next sections. 

2.1
Alt1a: Uncoordinated solution with separate unicast and MBMS receivers

An uncoordinated solution with separate unicast and MBMS receivers, illustrated in Figure 1, would be a brute-force solution that certainly works, but offers no cost benefit over separate cellular and broadcasting technologies. This is especially the case if no performance vs. implementation complexity/cost tradeoffs are considered. 
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Figure 1: Example of UE with completely independent unicast and MBMS receivers and operations
This uncoordinated solution could be defined by independently setting the minimum UE performance requirements and assumptions both for MBMS and unicast operations on separate carriers without taking any terminal complexity and cost impacts into account. However, in order to allow competitive E-UTRA MBMS and unicast systems it would be desirable to consider  complexity, cost and performance tradeoffs due to simultaneous MBMS and unicast operations on different carrier frequencies. Similar complexity vs performance tradeoffs have also been considered in RAN1 when half duplex operations on FDD bands have been considered despite their negative impacts on system performance. We believe that here at least similar or probably more significant cost/complexity benefits can be achieved with reasonable performance vs complexity/cost tradeoffs.
2.2
Alt1b: Uncoordinated solution with sharing of unicast and MBMS receivers

In this alternative, illustrated in Figure 2, all dedicated carrier MBMS-capable terminals would be required to have receivers capable of receiving from two different carrier frequencies at the same time. However, when simultaneous reception of unicast and MBMS would not be required, UE demodulation performace could be improved e.g, by utilising both of the Rx branches for receiving either unicast or MBMS. 
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Figure 2: Example of Dual receiver UE operation with optimisations
Compared to the Alt1a this Alt1b would provide benefits in terms of terminal complexity and cost while still keeping system implications minimal as no coordination between unicast and MBMS transmissions would be needed. This solution would mean that the minimum UE demodulation performance requirements would be developed using single Rx assumption both for unicast and MBMS. Additionally separate enhanced demodulation performance requirements could be developed.  This approach would mandate UE:s to be capable of receiving from two different frequencies simultaneously but it would still allow complexity and cost optimisations. For NW capacity, which is the usual target in capacity improvements, this solution should not be a problem, because it is not expected that a large portion of terminals would be engaged in simultaneous MBMS and unicast sessions at the same time.
2.3
Alt2: Time-multiplexed solution

A time-multiplexed approach was recommended by [2]. In this alternative each MBMS service is blocking a different set of unicast subframes, the SFN timing against the unicast cells is different for each cell and additionally the difference between unicast and MBMS is sliding in time.
A scheme based on UE measurements could be specified: The UE would measure, how many unicast subframes and with which repetition period are blocked by the reception of the active MBMS service. The UE would then report this information to the unicast cell, where it would be used for uplink and downlink scheduling so that no transmissions would be scheduled for that UE during the times of MBMS reception. New measurements could be sent when the unicast timing against the SFN slides enough to change the blocked area, when the user changes the MBMS service (e.g. TV channel), and always when the cell changes. This method is illustrated in Figure 3
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Figure 3: Example of time multiplexing of dedicated carrier MBMS and unicast
Even though this method sounds very lucrative in terms of shared terminal HW and service quality, there are challenges: For providing VoIP service with current codecs, a frame interval of 20 ms is used. Even if two frames are concatenated, the interval would be 40 ms. If dedicated carrier MBMS would be used to provide e.g. 16 TV channels with a data burst interval of 1 second, the active burst period would be 1/16 s = 62.5 ms, which would block unicast traffic too long for the ongoing VoIP session. In the end the burst period of the MBMS (and ultimately the UE power efficiency) would be dictated by the requirements of a possible simultaneous voice service. On the other hand, the same issue will have to be solved for mixed-carrier transmission, where unicast will have to get transmission opportunities often enough to support simultaneous voice calls.
Overall, a time-multiplexed solution would increase the complexity of the solution in the unicast network, especially regarding scheduling but it would also provide opportunities for terminal complexity/cost vs performance tradeoffs.

3
Proposals
Based on the above discussion, we propose the following:

Proposal 1: Separate E-UTRAN MBMS terminal capability classes to two main categories:
1) Mixed-carrier MBMS capability

2) Dedicated carrier MBMS capability (includes cat 1)

Both categories support simultaneous provisioning of unicast and MBMS services.
Proposal 2: Discuss and decide, whether it is acceptable to develop minimum UE unicast demodulation performance requirements based on single unicast receiver assumption in order to allow efficient performance vs complexity/cost tradeoffs for achieving competitive E-UTRA MBMS and unicast systems. In addition to the minimum UE unicast demodulation performance requirements also enhanced UE unicast demodulation performamce requirements would be developed. 
Proposal 3: Discuss and decide, whether it is acceptable to develop minimum UE MBMS demodulation performance requirements based on single MBMS receiver assumption  In addition to the minimum UE MBMS demodulation performance requirements also enhanced UE unicast demodulation performamce requirements would be developed.

Based on the discussions of this document 2-Rx Unicast + 2-Rx MBMS assumptions for a terminal having a dedicated carrier UE capability are not seen feasible for developing minimum UE performance requirements. If 2-Rx assumptions are seen necessary as the minimum performance requirements both for Unicast and MBMS, either Alt2 (time-multiplexed solution) or no support for simultaneous unicast and dedicated carrier MBMS should be considered as minimum UE capability for the terminals having a dedicated carrier MBMS UE capability. 
In order to facilitate progress in E-UTRAN MBMS architecture and other RAN WG MBMS work, we hope that an agreement on the way forward can be found and it can be communicated to the other RAN WGs
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