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1. Introduction

During the last meeting in Kansas City, MBSFN subframe allocation assignment was discussed and it was agreed to apply a two-level allocation with a micro level specifying the MBSFN subframes in a radio frame and a macro level specifying which radio frames correspond to the micro assignment [1]. How the macro assignment is signalled was left open.
A straightforward approach for the macro level signalling is by means of a bitmap, which signals for each radio frame whether it contains MBSFN subframes or not. Such a bitmap allows signalling any arbitrary assignment of radio frames to MBSFN traffic. However such a bitmap requires a signalling capacity of 100 bit/s 
. 
Therefore some proposals have been made (e.g. [2]), which allow to reduce the signalling overhead to e.g. 75 bit/s 
. These proposals achieve this saving by restricting the flexibility of the allocation of radio frames to MBSFN traffic, not allowing an arbitrary allocation of MBSFN radio frames.
In this document we are advocating the flexible bitmap approach by pinpointing that the proposals saving signalling capacity by restricting the allocation flexibility have some very undesirable drawbacks which by far outweigh their signalling capacity savings. 
The major drawbacks of schemes that restrict the allocation flexibility are:

· Significant waste of capacity for unicast traffic by overallocation: This is the case since the restricting proposals do not allow to always signal the “holes” in the resource allocations caused by overlapping MBSFN areas. If these schemes, e.g. [2], restrict the total number of allocated radio frames that can be signalled, there is a high risk of MBSFN overallocations. In [2], for instance, the average ratio of actually used frames to signalled radio frames is approximately 75%. 
· Need for synchronized MSAP reorganizations to regain unused MBSFN subframes for uni-cast. In order to minimize the MBSFN overallocations, reorganizations of the MSAP allocations have to be performed on ongoing services in the context of the start and stop of services. 
· Restricting the applicability of deployment alternatives in which several MCEs control the network (especially the deployment alternative “MCE is part of the eNBs” as agreed in [3]).
Given the big advantage of the flexible bitmap approach, namely that it avoids all the severe issues listed above, the moderate disadvantage of a slightly higher required signalling capacity (100 bit/s compared to 75 bit/s) is certainly acceptable. We therefore propose to agree that the adopted  signalling scheme shall avoid the above issues and to adopt the bitmap approach accordingly. 

2. Discussion

2.1. The principal alternatives

There are essentially two principal alternatives in accordance with the agreements reached at RAN2#62 [1]:

· Flexible Macro Level Assignment Signalling, which allows to signal any arbitrary assignment of radio frames to MBSFN traffic. We assume that the number of MBSFN subframes within a radio frame (i.e. the micro allocation) is set semi-static and that services can be dynamically switched on/off by adding/removing entire radio frames from the MBSFN assignment (i.e. by altering the macro allocation), while each service is semi-statically assigned to a specific (set of) radio frame(s), i.e. the MSAP is set semi-statically.

· Restrictive Macro Level Assignment Signalling, which is based on some restrictions on the allocation of radio frames to MBSFN traffic. The basic principle behind these schemes is that the assignment of radio frames to MBMS services transmitted using MBSFN is not arbitrary, but occurs in a certain order. Therefore it is possible for a UE to infer the macro level assignment if it is provided with information on the number of MBSFN subframes. One typical representative for such schemes has been proposed in [2] at RAN2#62. This scheme only allows powers of two for the number of radio frames that carry MBSFN traffic, thus consuming significantly less signalling resources [2]. In a presumed repetition period of 320ms it is allowed to assign every single, 2nd, 4th, 8th, 16th, or 32nd radio frame to MBSFN, i.e. there are 32, 16, 8, 4, 2, or 1 radio frame(s) assigned to MBSFN, respectively.
2.2. Overallocation issue

It was agreed that Rel-8 UEs may assume that there is never a downlink allocation addressed to them in MBSFN subframes [1], i.e. subframes cannot be used for unicast traffic once they are assigned to MBSFN traffic. As a consequence, the allocation of MBSFN subframes should not exceed the MBSFN traffic needs. We will refer to the situation of having unneeded MBSFN subframes potentially blocking unicast traffic as “overallocation” [4]. Overallocation is a major issue in the restrictive assignment [2]; even with a small number of overlapping MBSFN areas, the allocation of resources is linked to considerable complexity [5]. On the other hand, overallocation does not occur in the fully flexible scheme.
Overallocation is particularly problematic in high-load system situations; in this case unicast traffic may not be served although there are in principle enough resources available. But also in low-load situations this can have an impact on the system performance. For instance, it is conceivable that a selection of frequency resources particularly suitable for a transmission only satisfies the needed bandwidth if this selection is available in a sufficiently large fraction of time resources.
In order to illustrate the overallocation problem we take the example presented in [2] and elaborate on it in Fig. 1. Let us first assume that only MBSFN area 1 and MBSFN area 2 are active. Area 1 is realized by allocating every 4th radio frame (8 radio frames in a presumed repetition period of 320ms) and area 2 is realized by allocating every 8th radio frame shifted by 1 (4 radio frames in the repetition period). In order to signal the applied frame allocation in the geographical intersection of both area 1 and 2, the union of the MBSFN resources of both area 1 and 2 have to be signalled at the same time. As the resources taken by area 2 would be contiguous with respect to the one of area 1, it would in principle be necessary to allocate every single radio frame according to the scheme presented in [2], so one would allocate 32 MBSFN radio frames, although only 8+4=12 would be necessary. This amounts to an overallocation of 20 radio frames.

However, with some additional effort, namely an MSAP reorganization as described in the following section, it is possible to somewhat reduce the overallocation. In this case the 8+4=12 MBSFN radio frames of both areas 1 and 2 can be realized by assigning 16 MBSFN radio frames, which is the next highest power of 2 as required in [2]. On the other hand the MBSFN radio frames of both areas cannot be contiguous anymore, as in [2] 16 MBSFN radio frames are obligatorily realized by assigning every 2nd radio frame. But this would still mean that 16-12=4 radio frames in a repetition period (every 8th radio frame) are assigned to be MBSFN frames, although they are not needed for MBSFN traffic. Similarly, in order to have all three areas active, all 32 radio frames in a repetition period of 320ms would have to be assigned for MBSFN, although only 20 of them should be assigned. At the same time, it is possible to signal any number of MBSFN frames in the fully flexible scheme.
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Fig. 1: Problems arising in the restrictive assignment. a) MBSFN allocation as presented in [2]. b) Exemplary geographical organization of the three areas. At first only the services in areas 1 and 2 are active, while the service in area 3 is inactive; then the service in area 3 is added. MSAP reorganizations are depicted in magenta, overallocations in red.
2.3. MSAP reorganization issue

In [2], an offset parameter indicating the starting frame in the repetition period is introduced to avoid interference between MCHs in different MBSFN areas. However, signalling the intersection of areas 1 and 2 (and any other intersecting areas) requires a change in the existing MSAP allocations (Fig. 1), which is linked to substantial complexity [4]. 
Oftentimes MSAP reorganization is not regarded to be an issue. One may argue that MBSFN areas can be carefully predefined in a semi-static way so that this problem does not occur. But every Session Start or Session Stop of a single MBSFN service may trigger changes in many other MBSFN areas as well.
At first sight the preallocation of MBSFN resources to the individual areas in [2] may appear not to be ideal for avoiding an MSAP reorganization, because neither the resources of area 2 nor the resources of area 3 are exactly in between the resources of area 1. Thus, in Fig. 2 we have assigned the resources of area 3 in between the resources of area 1 so that the overlap of areas 1 and 3 can be realized without any MSAP reorganization and also without any overallocations. On the other hand, for area 2 the ideal resources for an overlap with area 1 are already blocked by area 3. Hence, an overlap of areas 1 and 2 (without area 3 being active) would automatically result in an MSAP reorganization. In other words, no matter how smart the preallocation of MBSFN resources is chosen, an MSAP reorganization cannot be avoided.
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Fig. 2: No matter how the preconfiguration of MBSFN resources is realized, an MSAP reorganization cannot be avoided when using the restrictive assignment [2].

In the fully flexible scheme, each radio frame can be addressed individually and independently from all other radio frames. Thus MSAPs do not need to be reorganized.
2.4.  Deployment restriction issue

While at first glance a reorganization of MSAPs for ongoing services is technically feasible, the necessary, potentially network-wide, synchronization of this reorganization in the eNBs and the UEs is very complex. Also such a reorganization generally requires the coordination between different MCEs controlling different MBSFN areas or parts of the network. But such an inter-MCE coordination would require respective inter-MCE interfaces not foreseen in the control plane architecture. This issue also applies to the deployment alternative “MCE is part of the eNB”. We would like to stress that the possibility to have the MCE as part of the eNB has been explicitly adopted as an option by 3GPP because it avoids additional physical nodes [3]. Hence, any solution for MBSFN subframe allocation signalling should be compatible with an architecture where the MCE is part of the eNB and thus cannot properly reorganize MSAPs over the network.

3. Conclusion

Currently, there are two possible solutions for the MBSFN macro assignment: a restrictive assignment as presented in [2] and a fully flexible assignment. We have argued that the restrictive assignment would introduce two severe problems, namely the overallocation of MBSFN subframes potentially blocking resources that are in principle available, and the necessity of reorganizing MSAPs, thereby introducing considerable complexity and preventing a “flat”  deployment as described in [3]. At the same time the fully flexible scheme does not display any of these problems.
Proposal 1: To agree that the macro allocation signalling should ensure that overallocations do not occur.

Proposal 2: To agree that the solution for MBSFN subframe allocation signalling shall be compatible with any with the MBMS deployment alternatives agreed in [3]. 

Proposal 3: To agree that the macro allocation signalling shall not require a reconfiguration of MSAP allocations of ongoing services.
Proposal 4: A fully flexible MBSFN macro assignment scheme should be adopted
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� 32 bit for periodic allocation over 32 radio frames, which corresponds to 100 bit/s if the bitmap is signalled in SIB3


� In [2] 6 bits are used to signal a periodic allocation over 32 radio frames. This corresponds to 75 bit/s when applying the suggested signalling on SIB1
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