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1 Introduction

MBSFN subframes are time multiplexed with unicast subframes [1]. The UE needs to be aware which subframes are part of an MBSFN transmission [1-4]. In this contribution, we outline 

· a flexible MBSFN subframe allocation scheme 

· the required signaling to inform the UEs about the MBSFN subframe allocation

2 Possible MBSFN Subframe Allocations
The allocation of MBSFN subframes is conveyed to the UEs by the D-BCH (just like the “MBSFN presence” and “MBSFN difference” indicators [5]) and can be changed semistatically or dynamically. If the MBSFN subframe allocation remains unchanged, it is assumed to follow a repetitive pattern with a periodicity between 80 and 320 ms [5]. 

MBSFN subframes can be allocated only to those subframes where P-BCH and SCH are not transmitted, i.e. subframe #0 and #5 in a radio frame are excluded from MBSFN transmission. Hence, at most 8 subframes per 10 ms radioframe can be used  for MBSFN transmission. With a maximum repetition period of  320 ms, there can be up to N = 32 x 8 = 256 candidates for MBSFN subframes within one repetition period. 

The worst case signaling overhead for full flexibility with the MBSFN subframe allocations is given by a full bitmap based approach, whereby 1 bit indicates whether a particular subframe is a MBSFN subframe. Given the maximum number of N = 256 MBMS subframes within a repetition period, a bitmap based approach would require 256 bits to be transmitted for 320ms, i.e. the signaling of the MBSFN subframe allocation with full flexibility requires a data rate of up to 800 bits/s. The following section discusses methods for reducing this signaling overhead while maintaining some flexibility in the MBSFN subframe allocation that is useful for MBMS.

3 Required Flexibility for MBSFN Subframe Allocations

The possible MBSFN subframe allocations need to include the extreme cases of unicast only transmission (N=0) and dedicated carrier MBSFN transmission (N=256). Other than that, the allocation of MBSFN subframes must be flexible enough to allow
· the reallocation of unicast subframes to MBSFN subframes in case of the beginning of a multi-cell transmission,
· the reallocation of MBSFN subframes to unicast subframes in case of the end of a multi-cell transmission, and

· possibly the dynamic reallocation of MBSFN subframes to unicast subframes if the estimated bit rate of the MBMS service is not reached.
These reallocations occur frequently due to session starts and stops and also due to dynamic transmission mode switching for the efficient use of radio resources
.
As the allocation of MBSFN subframes to specific service(s) by means of MSAP (MCH Subframe Allocation Pattern) needs to be coordinated over all cells within the MBSFN area, it is also reasonable to assume that the reallocation of subframes from/to MBSFN subframes must not interfere with the current MSAP allocations of other ongoing services transmitted in multi-cell transmission. Otherwise reallocations would imply an unacceptable amount of coordination complexity, additional signalling, and might also impact QoS.
4 Constraints on MBSFN Subframe Allocations

MBSFN subframe allocation is signaled by the D-BCH. The payload or the required physical resources for D-BCH are yet to be defined, but it is desired to limit the signaling overhead. There are various schemes reducing the signaling overhead, while also reducing some unneeded flexibility in the MBSFN subframe allocations. 
Since it is too expensive to provide the full flexibility of signalling all possible MBSFN subframe allocations by a bit map, it is necessary to introduce constraints. One solution would be to assign MBSFN subframes on a per-frame basis and eventually choose a number of contiguous frames [1]. This imposes the constraint that (1) all frames containing MBSFN subframes have the exact same structure and that (2) the MBSFN frames cannot be spread in time arbitrarily. In our view the first constraint is reasonable as the identical subframe allocation in radio frames does not have any negative impact. As already mentioned in section 3, assigning MBSFN frames contiguously in time requires complex reshuffling of the MBSFN subframe allocations involving the MCE.
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Fig.1: Proposed MBSFN subframe allocation
We therefore propose to adopt a scheme as depicted in Fig.1. At first the MBSFN subframe allocation within radio frames is signalled using Ns bits, while Ns=3 would be sufficient in order to cover MBSFN subframe frequencies between 1 and 8 (0 is covered by not assigning the radio frame in the first place). The exact positions of the MBSFN subframes would have to be preconfigured in this case.
In a next step, the affected radio frames are signalled taking into account the exact position of each frame in time with full signalling flexibility, e.g. using the well-known bitmap approach. Hence the overall signalling pattern would require 3 bits for the frame structure plus a bitmap showing which radio frames in the repetition period contain MBSFN subframes at all (i.e. 32 bits for 320 ms). 
5 Conclusion
The constraints imposed on the assignment of MBSFN subframes and the resulting impairment of flexibility for the sake of a low number of signaling bits strongly affects the MBMS coordination complexity for the MCEs. Specifically, a clustering of MBSFN frames in time requires tedious reshuffling of resource assignments by the MCE.
We therefore propose a two-fold signaling principle

· that contains the MBSFN subframe assignment per radio frame (red boxes in Fig.1) using 3 bits and
· that defines with full signaling flexibility which frames contain MBSFN subframes at all (purple boxes in Fig.1) using a bitmap for the radio frames within the repetition period (i.e. 32 bits for a repetition period of 320 ms).
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� During the RAN2#60 meeting, it was decided that in the first LTE release there is no dynamic switching between multi-cell and single-cell mode and no dynamic on/off of MBSFN transmissions. However, we think the signalling of MBSFN subframe allocations should be designed such that it holds for all LTE releases, thereby ensuring backward compatibility.





