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1
Introduction
MBSFN subframes must be reserved uniformly across several cells and hence on a semi-static basis. In this contribution we consider the reuse of MBSFN subframes that are left unused because of the typically variable bitrate of the MBMS service content, as regular unicast subframes. We discuss the alternative principles and mechanisms in signalling to UEs the occurrence of such subframes , and conclude with a proposal to use PDCCH for that purpose.
2
Existing proposal
The contribution [2] was submitted – but not treated – to RAN2#66bis, making the following proposals:

Proposal 2: A UE in RRC_CONNECTED state shall report to eNB whenever it begins or stopps to receive MBMS service.

Proposal 3: A UE in RRC_CONNECTED state who reads corresponding DSI shall monitor unused MBSFN sub-frames for unicast transmission whenever it is active.

We see the following issues with this mechanism:
-
At any given time, the set of UEs that can be scheduled in the reused subframes is likely to be limited or non-existent;

-
Fairness issues arise when other unicast resources are congested while only few UEs also receiving MBMS enjoy frequent reused MBSFN subframes.
For this reason, we think that scheduling unicast data in leftover MBSFN subframes should be applicable to a wider population of UEs, and this is our baseline assumption in this contribution. Incidentally, this makes the topic more general than only part of the MBMS work item, which is why it could equally well be handled under TEI-9.
3
Signalling the occurrence of reused subframes
3.1
Signalling principle
In informing UEs about a subframe pre-reserved for MBSFN but containing conventional unicast DL data, the following basic approaches can be identified:

1. The reuse is not separately signalled: this requires that UEs monitor PDCCH for unicast DL allocations in MBSFN subframes just as in other subframes.

2. UEs assume by default that the subframes indicated in SIB2 are MBSFN subframes; the occurrence of reused MBSFN subframes is signalled only as needed, as exceptions from this baseline assumption.
Alternative 1 is wasteful from UE power-consumption point of view, as the majority of MBSFN subframes should still be void of unicast DL allocations. UEs still need to monitor PDCCH in those subframes for UL allocations, but not continuously: a UE knows when an UL allocation cannot be expected.
Hence, we think that approach 2 is more suitable.

Proposal 1: The occurrence of subframes reused for unicast is signalled only when needed, as exceptions from the baseline MBSFN allocation signalled in SIB-2.
3.2
Broadcast vs. dedicated signalling of reused subframes
It needs to be decided whether the occurrence of reused subframes is signalled in a dedicated manner only to UEs that are scheduled in those subframes, or as a broadcast signal that all UEs can monitor. While the former option is lucrative in that it would only require the UEs actually scheduled to receive the reused subframe, the dedicated signalling comes with scalability problems, as in the general case a large number of UEs can be scheduled in a subframe. It also poses the problem of defining a proper signalling mechanism that uses little radio resources itself yet does not imply a fixed cost as an additional field or information element in existing messages.
For these reasons, we believe this signalling should be of broadcast nature.

Proposal 2: Broadcast signalling is used to indicate the occurrence of reused MBSFN subframes.

At this point, a natural mechanism for the signalling would appear to be a PDCCH message with  its own RNTI, transmitted in the common search space. Such messages are shorter and less resource-consuming than dedicated PDCCH messages, while still providing a utility payload of at least 8 bits, making such a message seem appropriate for this particular purpose.
Proposal 3: The occurrence of reused MBSFN subframes is signalled on PDCCH

3.3
Location of signalling message
Dimensions to consider when making this decision include

· Whether to specify an absolute location, or only a location relative to reused subframes;
· Time separation between signalling message and reused subframe

Ideally, neither reading the signalling message nor receiving a reused subframe should require additional wake-ups from UEs (as opposed to extending individual wake-up periods), but rather the signalling message should inform UEs during their normal wake-up time that they should extend their monitoring of PDCCH also to certain subframes normally used for MBSFN. Therefore the signalling about a reused subframe should take place as shortly as possible prior to the reused subframe. 
On the other hand, to compensate for the increased PDCCH load, the scheduling of the new message should be flexible.
Taking these aspects into account, we propose the following.
Proposal 4: The reused MBSFN subframes within a set of consecutive MBSFN subframes (as signalled in SIB2) can be identified by the PDCCH message transmitted in any (or all) of the preceding consecutive (subframes known beforehand to be) unicast subframes.
3.4
Application of the proposed procedure
Because numerous uses other than MBMS have been envisioned for (subframes signalled to be) MBSFN subframes in LTE-A, in some of which the subframe reuse discussed here is not applicable, it is desirable that the eNB can signal whether or not the (supposed) MBSFN subframes may be reused in the first place.

When reuse is applicable, it should be noted that a UE that can be scheduled at a reused MBSFN subframe is one that 
1) is awake at the time of the signalling message, and 2) is known by the eNB to monitor for the signalling message. The first property is readily known to the eNB. The second property requires that the UE capability (release) is known to the eNB.
Therefore, we propose the following.
Proposal 5: An indication, present only together with the MBSFN subframe allocation, is added to SIB2 to inform whether the MBSFN subframes may be reused as regular subframes. When this indication is positive, any 
post-Rel-8 UE having reported its capability to the network shall monitor for reused MBSFN subframes.

4
Conclusion
We have considered the precise signalling mechanism for reusing leftover MBSFN subframes as regular unicast subframes. We present the following, partly incremental, proposals for incorporation into [1]:
Proposal 1: The occurrence of subframes reused for unicast is signalled only when needed, as exceptions from the baseline MBSFN allocation signalled in SIB-2.
Proposal 2: Broadcast signalling is used to indicate the occurrence of reused MBSFN subframes.

Proposal 3: The occurrence of reused MBSFN subframes is signalled on PDCCH.

Proposal 4: The reused MBSFN subframes within a set of consecutive MBSFN subframes (as signalled in SIB2) can be identified by the PDCCH message transmitted in any (or all) of the preceding consecutive (subframes known beforehand to be) unicast subframes.

Proposal 5: An indication, present only together with the MBSFN subframe allocation, is added to SIB2 to inform whether the MBSFN subframes may be reused as regular subframes. When this indication is positive, any 
post-Rel-8 UE having reported its capability to the network shall monitor for reused MBSFN subframes.

Should Proposal 3 be agreed, it is further suggested to send an LS to RAN1 informing them about the decision.
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