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1
Introduction
This document continues the discussion, which was initiated by [5] in RAN WG4 mtg#42bis. In that meeting the general feeling seemed to be that simultaneous support of 2Rx unicast + 2Rx dedicated carrier MBMS would not be desirable from the terminal implementation perspective and a solution to avoid this as the minimum UE requirement for dedicated carrier MBMS capable terminals should be found. Some concerns regarding the proposal in [5] were raised. Thus, in this contribution we analyse the scenario further and consider some alternatives for obtaining acceptable assumptions from the UE implementation perspective for developing the minimum UE performance requirements.
Possible solutions and complexities related to the time-multiplexed sharing of terminal receivers between dedicated carrier MBMS and unicast are given a closer look in chapter 2. Possible ways to define requirements for using a terminal-based 2x RX solution are discussed in chapter 3. Recommendations on the way forward are elaborated in chapter 4.
Earlier work on the topic includes e.g. [1] and [2]. The most up-to-date requirement definitions are in [3] section 7.5, and the starting point remains, accordingly, to offer possibility for simultaneous MBMS and unicast services to the end-user with reasonable terminal cost and complexity.
2
Time-multiplexing of Dedicated Carrier MBMS and Unicast
A time-multiplexed approach was recommended by [2]. The dedicated MBMS carrier may operate as an MBSFN, in which case it is synchronized over an area, which includes the MBSFN. The unicast cells can be asynchronous. Due to e.g. MBSFN gain and the possibility to use another (e.g. lower) frequency band, the cell sites of the MBMS carrier can be different from unicast. Therefore it may be risky for all practical deployment scenarios to assume  very tight coordination between MBMS cells and unicast cells as otherwise there would be both heavy restrictions on the MBMS deployment and heavy requirements on the coordination between the two systems. In our view there should be a possibility of rather independent operation of the dedicated MBMS carrier.

As the unicast physical layer frame timing can be different in each cell, no gaps in a particular point in the unicast frame structure can be synchronized to the operation of the MBSFN. The same is true for the reverse case: Leaving gaps in the MBMS transmission for letting the terminal access the unicast cell does not seem attractive either because these gaps would be in the same place over the whole MBSFN area, but the unicast frame timing of each cell is going to be different, so in the end no data could be transmitted on either unicast or MBMS carrier to satisfy all the need for gaps of all UEs.

Therefore, in our view, the most promising method for achieving time multiplexing is to use UE-based timing measurements, as proposed in [1]:

1. When the UE needs to receive data from the dedicated broadcast carrier, it estimates, which ones of the unicast downlink frames are blocked by the received broadcast content (step 1).
2. The UE reports the blocked unicast frames (e.g. starting subframe number and number of subframes or any other suitable notation) and the repetition period of the broadcast content (e.g. number of subframes to the next occurrence of the broadcast content) to the network as a measurement report (step 2).
3. Unicast scheduler in the network should block the reported unicast downlink frames (and possibly also corresponding uplink frames, if uplink frequency is too close to MBMS carrier for filtering) from the scheduling opportunities to the UE (step 3).
4. New measurement reports can be event-driven, if the blocked unicast frames change (due to e.g. change of MBMS service, change of unicast cell, sliding of unicast vs. MBMS cell timing).
This approach, even though usable in theory, also still presents some challenges:
1. Unicast scheduler support. The unicast scheduler would have to be able to block out certain sets of subframes from individual terminals to allow MBMS reception. The blocked frames would need to be changed dynamically in case the end-user is channel surfing.
2. Scheduling of the MBMS transmission also gets more complex: Time multiplexing of MBMS services should be used as much as possible to provide maximum time for the unicast service to operate. At the same time unicast opportunities should occur often enough to permit e.g. simultaneous VoIP service. These requirements may contradict especially on lower operating bandwidths, where the sending of a TV channel takes a larger share of time. As an example, if 1 second MBMS “superframe” interval is used (to cope with 1 second channel change requirement, while maximising UE power efficiency) to provide 16 TV channels, the active burst period would be 1/16 s = 62.5 ms, which is already too long for the VoIP frame interval of 20 ms. For a clean solution, either the “superframe” period would have to be made shorter or multiple (at least two) MBMS services should be interleaved with each other to generate the necessary gaps. Either way, the power economy of the UE gets worse. 

These additional complexities would exist in all unicast + dedicated carrier MBMS networks at all times, also when simultaneous unicast and MBMS service is not used. Thus, we would like to hear other companies views whether this type of system limitations and additional complexity are seen acceptable. 
3
Aspects of sharing Rx resources
In this alternative all dedicated carrier MBMS-capable terminals would be required to have receivers capable of receiving from two different carrier frequencies at the same time (namely unicast and dedicated MBMS carriers). In this way it would be possible to avoid network and system complexity that mandatory network time-multiplexing support would mean as discussed in the previous chapter. However, when simultaneous reception of unicast and MBMS would not be required, UE demodulation performance could be improved e.g, by utilising both of the Rx branches for receiving either unicast or MBMS. This would mean that the same UE demodulation performance as in the time-multiplexing solution discussed in the chapter 2 could be achieved when there is no simultaneous unicast and MBMS transmission. On the other hand if the network was not always be able to ensure that there is not overlap in unicast and MBMS transmissions, data could still be received from both of the carriers. 
In order to allow the system improvements that this solution would provide compared to solely relying on time-multiplexing from a performance requirement point-of-view different approaches would be possible:

1. Develop minimum UE demodulation performance requirements using a 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.

2. Develop minimum UE demodulation performance requirements using a  2Rx assumption for unicast and MBMS separately. Additional demodulation performance requirements for simultaneous reception may or may not be defined. If in a given situation simultaneous connectivity cannot be supported by 1Rx + 1Rx, then the UE may drop one of the connections (as being out-of-range) and stay connected to the remaining one using a 2-Rx.

4
Way Forward
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. Based on the discussions in RAN4#42bis this proposal 1 seemed acceptable for the group.
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.

As an alternative to the proposals 2 and 3, UE demodulation performance requirements could be developed based on 2Rx assumption separately for unicast and MBMS. Additionally it would probably be beneficial to develop demodulation performance requirements for simultaneous reception assuming 1Rx unicast + 1Rx MBMS reception in order to make the solution discussed in the chapter 3 possible in practical deployments.

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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