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1. Introduction

In order to save signalling resources, RAN2 currently discusses to split the MBSFN subframe allocation into a micro level specifying which subframes are reserved for MBSFN within a defined entity, e.g. a radio frame, and a macro level specifying which of these entities are selected to carry MBSFN resources within a repetition period [1-5]. We have previously proposed to globally fix the number of MBSFN subframes within a radio frame, but there are overallocation issues [5] and also concerns that this scheme may not properly reflect the need for different service capacities [6]. In response to these issues, a more flexible scheme was proposed filling the radio frames with MBSFN resources at different paces and thus allowing to select MBMS services with different capacities [6]. This scheme was designed for assigning MBSFN resources to any subframe within a radio frame except for subframes #0 and #5, which carry the broadcast and synchronization channels and cannot be used for MBSFN. However, RAN2 has just decided to additionally reserve subframes #4 and #9 for paging. In this tdoc, we are proposing a scheme that takes this decision into account and also allows for different MBMS service capacities.
2. Discussion

2.1. Problem description
The saving of signalling resources is a prime goal in the design of the MBSFN subframe allocation so a full bitmap for the assignment of MBSFN resources within a 320ms repetition period would amount to 192 bits when excluding subframes 0,4,5,9 in a radio frame and is thus commonly regarded as producing an unacceptably high overhead.

The micro/macro level approach can significantly reduce the overhead: A fully flexible macro level assignment on radio frame basis (cf. [5] for a discussion on why full flexibility on the macro level is needed) with a micro level assignment that is globally defined for all radio frames would require 32+3 bits (Fig. 1a). In this case signalling resources are saved because of introducing two constraints on the micro level: predefined positions for the MBSFN subframes within a radio frame that are globally valid for all radio frames.
Considering that a global micro level definition for all radio frames may be too rigid [6], a complete decoupling of macro and micro level assignment so as to allow for complete flexibility in MBMS service capacity for any given radio frame would amount to 32*3 bits, a value that is regarded as too high by many companies (Fig. 1b). The bottom line is that the constraint of having a global micro level definition for all radio frames is too rigid, while local micro level definitions for each single radio frame are too expensive. In the following we will present a tradeoff between the two options.
2.2. Proposed solution

The flexibility of local micro level definitions based on each single radio frame does not have to be exhaustive – the number of combinatorial possibilities can be reduced. This is based on two considerations: First of all permutations of micro level definitions do not have to be signalled since the order of the radio frames with different micro level definitions does not make any difference, i.e. there is no need to differentiate between a case where radio frame #0 carries 1 MBSFN subframe while radio frame #1 carries 2 MBSFN subframes and a case where radio frame #0 carries 2 MBSFN subframes while radio frame #1 carries 1 MBSFN subframe. Secondly, for the sake of saving signalling resources it is also possible to reduce the number of micro level definition combinations in the first place as already demonstrated in [6].
[image: image1.emf]MBSFN radio frames with individual

subframe substructures

MBSFN subframes

10 subframes (#0,4,5,9 cannot be used)

in one radio frame (total of 32 frames in 320ms)

MBSFN subframes

MBSFN radio frames with subframe

substructure as depicted above

MBSFN subframe MBSFN subframes

...

...

a)

b)

MBSFN radio frames with individual

subframe substructures

MBSFN subframes MBSFN subframes

10 subframes (#0,4,5,9 cannot be used)

in one radio frame (total of 32 frames in 320ms)

MBSFN subframes

MBSFN radio frames with subframe

substructure as depicted above

10 subframes (#0,4,5,9 cannot be used)

in one radio frame (total of 32 frames in 320ms)

MBSFN subframes

MBSFN radio frames with subframe

substructure as depicted above

MBSFN subframe MBSFN subframes

...

...

a)

b)


Fig. 1: Comparison between global and local micro level assignment in MBSFN allocation. The micro level is shown in red and the macro level in magenta. There is full flexibility on the macro level. a) The micro level assignment is globally defined for all radio frames and requires 32+3 bits. Different MBMS service capacities are not respected though. b) Local micro level definitions for each single radio frame (decoupling of micro and macro level assignment) require 32*3 bits, which is too expensive. 
The following scheme refers to the binary system in which any given number can be represented by a combination of powers of 2 (Fig. 2). Similarly, we are proposing to only signal the occurrence of radio frames with 1,2,4, and 6 MBSFN subframes (we are taking 6 instead of 8 due to the latest decision on the paging subframes; depending on the decision whether any of the paging subframes can also be used for MBSFN traffic, 6 should be replaced by the maximum number of subframes that can be used for MBSFN within a radio frame), thereby implying that any other occurrence of MBSFN subframes can be realized by a combination of radio frames. As a constraint for the sake of reduced signalling overhead, we do not allow to exactly signal how many radio frames carry a given number of MBSFN subframes, but only whether all, half of or none of the so far unassigned radio frames do so. This is done by first assigning the number of radio frames with 6 MBSFN subframes and then assigning the other numbers in descending order. In the example shown in Fig. 3, there are no radio frames (out of 32) with 6 MBSFN subframes. Half of the remaining radio frames (still 32) are then assigned to contain 4 MBSFN subframes, and half of the afterwards remaining radio frames (now 16) are assigned to have 2 MBSFN subframes. The rest is then assumed to be radio frames with 1 MBSFN subframe and does not have to be signalled.
Hence, for each radio frame carrying a defined number of MBSFN subframes (6, 4, or 2) there are three possibilities (full, half, or none) so in the end there are 
[image: image2.wmf]å

=

3

0

2

i

i

 = 24-1 possibilities (depicted in magenta in Fig. 2) to consider. These possibilities can thus be coded using 4 bits, still leaving one further combinatorial possibility for a special case, e.g. all radio frames with 3 MBSFN subframes or anything else that would be identified as being helpful.
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Fig. 2: Graph-like representation of the proposed scheme to determine the occurrence of radio frames with 6,4,2, and 1 MBSFN subframes. Whether all, half or none of the available (remaining) radio frames is filled with a given number of MBSFN subframes is determined sequentially. Nodes at the end of the sequence are depicted in magenta. The path to achieve the micro level assignment shown in Fig. 3 is depicted in red.
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Fig. 3: Exemplary mapping of micro level assignments to radio frame occurrences according to proposal. This mapping can be obtained by following the red path in Fig. 2.
It should also be noted that the order of radio frames does not necessarily (and probably should not) follow the order of descending MBSFN subframe occurrences. Our proposal only offers a possibility to determine the occurrences of radio frames with certain numbers of MBSFN subframes, but does not say anything about how these radio frames are ordered.

From the perspective that MBSFN subframes should be mixed with non-MBSFN subframes as much as possible, an option would be to have radio frames with many MBSFN subframes and radio frames with few MBSFN subframes in a predefined order: For instance, high-MBSFN-load radio frames occur only every second radio frame, while the gaps in between are filled with other radio frames, which are assigned according to their load in a round-robin-like manner (Fig. 4).
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Fig. 4: Exemplary order of MBSFN radio frames so as to mix MBSFN subframes and non-MBSFN subframes as much as possible. 
3. Conclusion
A global definition of the micro level MBSFN allocation that is valid for all radio frames has turned out to be too rigid, because the capacity requirements of MBMS services may vary over a significant range. On the other hand a fully flexible scheme allowing for full micro level flexibility per radio frame consumes too many signalling resources. Here we present a proposal that consumes less resources than the fully flexible scheme, but offers enough flexibility to cover MBMS services with capacity needs of various magnitudes based on powers of two.
Proposal 1: Adopt the proposed scheme for the micro level MBSFN subframe allocation.
Proposal 2: Provide full flexibility for the macro level MBSFN subframe allocation (cf. [5] for a detailed rationale).
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Annex: Additional examples

The following examples illustrate how radio frames can be combined to meet the different service capacity needs.
Let us assume we have 17 MBSFN services that need 4 MBSFN subframes and 1 MBSFN service that needs 6 MBSFN subframes. Then, 16 radio frames with 4 MBSFN subframes can be addressed directly, while the 17th service can be handled by combining 2 radio frames with 2 MBSFN subframes each. Finally, the service that needs 6 MBSFN subframes can be handled by combining 3 radio frames with 2 MBSFN subframes each.
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In another example there are 2 services that need 5 MBSFN subframes and 6 services that need 3 MBSFN subframes. For the first 2 services this can be solved by combining 2 radio frames containing 2 MBSFN subframes with 1 radio frame containing 1 MBSFN subframe; for the other 6 services this can be solved by combining 1 radio frame containing 2 MBSFN subframes with 1 radio frame containing 1 MBSFN subframe. 
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