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1
Introduction
Even though the specification of LTE MBMS may be postponed to Release 9, for inter-release compatibility reasons the signalling of MBSFN subframe allocation on mixed carrier must be specified already in Release 8, so that Rel-8 terminals are able to properly account for MBSFN subframes in future network deployments, e.g. in the context of measurements.
This contribution examines a previous proposal for MBSFN subframe allocation signalling, and proposes some improvements to address issues identified with that proposal.  

2
Previous MBSFN subframe allocation signalling proposal
Reference [2] proposes a two-level MBSFN subframe allocation, in which radio frames containing MBSFN subframes are allocated on a macro level and MBSFN subframes within allocated radio frames are allocated on a micro level, with the principles that:
1. On the macro level there is full flexibility, i.e. any number and any combination of MBSFN radio frames is possible as to avoid limitations of the organization of MBSFN areas and a reorganization of MSAPs.

2. On the micro level the number of possible MBSFN subframes within an MBSFN radio frame is not restricted, but the number of the corresponding allocation combinations is restricted.

3. Addressing the issue of overallocations, it is FFS whether the MBSFN allocation on micro level is valid for all MBSFN radio frames or whether it can be separately set for each individual MBSFN radio frame.

4. The repetition period for the MBSFN subframe allocation pattern is 320ms.

The preceding contribution [3] also proposes to realize the above item 2 so that only the number of subframes between 1 and 8 in a radio frame would be signalled, while the order of allocation of those subframes would be pre-specified. As recognized in [2], the allocation order could be based on the idea to mix MBSFN subframes with unicast subframes as much as possible for short unicast delays or, alternatively, to cluster MBSFN subframes as much as possible for long DRX cycles. Nevertheless, there is a tradeoff between unicast delays and UE power-saving potential when specifying this order.
The issue addressed by item 3 is the flexibility allowed by the adopted signalling scheme to the allocation of subframes to different MCHs with given resource requirements. In particular, the constraints of the signalling scheme may require allocating more subframes as MBSFN than actually needed by a given, newly allocated MCH. This issue is addressed in Section 3.2 in this contribution.
3
Suggested enhancements
3.1
On the tradeoff between unicast delays and UE power-saving
One dimension in accounting for the delays caused by MBSFN subframes to unicast traffic is indeed the choice mentioned above, of whether the subframes of each type should be as clustered as possible, or mixed with each other instead. There is also another dimension to consider, namely, delays to HARQ retransmissions. The HARQ used in the downlink is asynchronous, but optimally, a retransmission due to a HARQ NACK from a terminal takes place 8ms after the original transmission. This is something that can also be taken into account in the MBSFN subframe allocation scheme, i.e., the scheme eventually adopted should at least avoid introducing systematic delays to HARQ retransmissions. Such delays may particularly hinder the operation of half-duplex UEs, taking into account their restrictions discussed e.g. in [5].
If we assume the allocation signalling proposed in [2] where two consecutive radio frames with MBSFN subframes must have the same MBSFN subframe allocation, then optimizing DL HARQ retransmission delays by leaving subframes for unicast 8ms apart means that, for k other than 0 or 1, if subframe k of the radio frame is left for unicast in the allocation, then subframe k-2 (in the next radio frame) should be unicast in the allocation as well. When generalized, this does not allow the clustered type of MBSFN subframe allocation, but leads to the “fully-mixed” type of allocation instead. 

In other words, the dimension of optimizing HARQ retransmission delays is not independent of the first dimension of choosing between mixed and clustered allocations. However, this is only caused by the constraint that the MBSFN subframe allocation is identical in consecutive radio frames. We think that this constraint should be challenged. 
By extending the basic period on the “micro-level”, where the subframe-level allocation is defined, to be more than one radio frames, the above interdependence of unicast subframes in the same radio frame under the 8-ms delay requirement can be loosened. If the period is two radio frames, then unicast subframe k also requires a unicast subframe at k-4. Further on, the choice of four radio frames yields k-8, which would be required anyway by the 8-ms requirement. In other words, the choice of four radio frames minimizes the implied interdependence of unicast subframes. Compared to the previous proposal in [2], the added cost of every doubling of the basic period in terms of signalling the number of MBSFN subframes in that basic period is one bit. However, as will become apparent in what follows, using more than one radio frames also comes with other advantages.
Proposal 1: Define the basic period on micro level, where the subframe-level allocation is defined, and in which the number of allocated MBSFN subframes is a parameter to be signalled, as four radio frames.
3.2
Flexibility of resource allocation to MCHs
It should be noted that the option mentioned in item 3, Section 2 above, of setting the micro level allocation separately for each radio frame is very costly in terms of signalling bits, requiring 3 signalling bits for every radio frame in the total allocation period.

As also suggested in [2], allocating additional MCHs or deallocating existing ones should not affect the allocations of other existing MCHs. For this reason, the scheme proposed therein would most likely be operated such that the subframe allocation of a radio frame should be chosen approprately and kept mostly fixed, while allocations to different MCHs would take place on the radio-frame level. While the subframe-level allocation should reflect the expected  maximum proportion of MBSFN subframes to be used on the carrier, it also dictates the minimum additional MBSFN subframe allocation that can be introduced for a new MCH in the form of "switcing on" an additional radio frame for the MCH. As an example, assuming the proposed allocation period of 320ms, if the subframe-level allocation fills 50% of the 10 subframes in a radio frame, then activating one additional radio frame per 320ms for a new MCH would mean allocating roughly 15 subframes per second fo the MCH, which with a typical capacity of 10kbit per subframe
 equals to a bitrate of 150kbit/s. Such a minimum allocation for an MCH may be wasteful if e.g. audio broadcast services with low bitrate are considered. As another example of allocation flexibility, it is pointed out in [2] that none of the allocation schemes proposed so far is able to allow allocating exactly, say, 37 subframes over the proposed period of 320ms.
Also these shortcomings can be improved on the basis of Proposal 1. If the subframe-level allocation is defined over four radio frames, the allocation order of subframes in this basic period can be defined so that, as the number of actually allocated subframes N is increased from 1 towards 32, the four radio frames in that basic period are filled with MBSFN subframes at different paces. By still signalling the macro-level allocation, i.e. the radio frames that contain MBSFN subframes, with the granularity of individual radio frames as proposed in [2], as opposed to the granularity of these four-frame basic periods, such an allocation order and a proper intermediate value of N now allow activating, for a particular MCH, radio frames that imply either small or large resource allocations for the MCH, or their combinations.
Proposal 2: To improve resource allocation flexibility, specify such an allocation order of subframes in the basic period of four radio frames that fills the four radio frames at different paces, and signal the macro-level allocation with the granularity of individual radio frames.
3.3
Example
Figure 1 shows an example subframe allocation order considered reasonable, for the four-frame basic period: a given value of the 5-bit signalled number N of allocated MBSFN subframes in this basic period would mean that all the subframes numbered less than or equal to N in this diagram are MBSFN subframes, in those radio frames indicated in the macro level allocation as applicable. For illustration, the subframes meant as prioritized for unicast and therefore allocated last as MBSFN are shaded light-gray. They consist of chains of subframes spaced 8ms apart for HARQ retransmission delay optimization, and are clustered in pairs for UE power-saving considerations. 
As example MCH allocations, by setting N=7 (and assuming paging to occupy only subframes #0 and #5), one would be able to allocate an MCH with only one subframe per 320ms, appearing only in radio frames with SFN mod 32 = 3 (subcase of SFN mod 4 = 3 below), together with another one with 32 subframes per 320ms appearing in frames with SFN mod 4 = 0. As another example with N=7, the previously unachievable allocation of 37 subframes per 320ms could be formed e.g. by the union of the previously mentioned radio frames, as well as the ones with SFN mod 16 = 1 (subcase of SFN mod 4 = 1 below).
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Figure 1: Example allocation order of subframes in the basic period of four radio frames
3.4
Further observations

Without any further optimization, as mentioned earlier the added signalling cost (with given length of allocation period) of this proposal compared to that in [2] is two additional bits. One obvious way to save on signalling is to have an allocation period of, say, 160ms instead of 320ms. It is also easy to come up with other ways. For instance, the allocation order of subframes in the basic period of four radio frames could be defined by allocating more than one subframes at each step, i.e. grouping more than one subframes under the same number in Figure 1. Also the maximum allocation could be limited to be less than all possible subframes. Moreover, in some cases such as very sparse MBSFN allocations, the full radio-frame level bitmap may be too inefficient signalling. This can be optimized e.g. by alternatively only signalling a list of locations of 1's in the bitmap, or by truncating the bitmap (and signalling the truncated length) if the remainder is all 0's.
To serve different operator requirements, it may be useful to specify more than one subframe allocation orders the likes of the one in Figure 1, e.g. including one where the different radio frames are filled with MBSFN subframes at equal pace. This would require that the applied allocation order is then also signalled.
This contribution has so far not taken into account possible subframes used for paging. It was agreed in RAN2#61 in Sorrento that in addition to subframes #0 and #5, the operator may choose to reserve at most two other subframes, x and y, for paging. This is not foreseen as a problem: the possible additional paging subframes could simply override / puncture the MBSFN subframes implied by the signalling proposed here. The use of any additional paging subframes would then have to be known by all the involved network elements, and it would have to be taken into account in (i.e. deduced from) the allocation and transmission of MBSFN subframes.
4
Conclusion
This contribution has examined the proposal in [2] for MBSFN subframe allocation signalling, and identified the constraint that the subframe allocation in each radio frame containing MBSFN should be the same, as too restrictive, introducing unnecessary consequences from optimizing HARQ retransmission delays, and limiting MCH resource allocation flexibility. We therefore suggest the following alterations to the previous proposal:
Proposal 1: Define the basic period on micro level, where the subframe-level allocation is defined, and in which the number of allocated MBSFN subframes is a parameter to be signalled, as four radio frames.

Proposal 2: To improve resource allocation flexibility, specify such an allocation order of subframes in the basic period of four radio frames that fills the four radio frames at different paces, and signal the macro-level allocation with the granularity of individual radio frames. 
If agreed, these proposals should first be incorporated into the Stage 2 [1], and/or realized in the RRC Stage 3 [4].
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