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1 Introduction 
As stated in [1], each MSAP associated a certain MCH is semi-configured and determines the maximum MBSFN subframes resource in this MCH, while the DSI for the said MCH is dynamically changed due to the variable bitrate and bursty characteristic of service traffic, it means many allocated MBSFN subframes may be unscheduled and unused in a scheduling period. In the RAN2 66bis meeting, it is agreed that one MBSFN area can contain 1 or more MCHs, which implies that one or more MCHs and associated MSAPs are used in one MBSFN area. That may induce much more unused MBSFN subframes if there are more than one MCH in one MBSFN area.

This document addresses how to reuse the unscheduled MBSFN subframes into unicast subframes.
2 Discussion
2.1. Unscheduled MBSFN subframe

As stated in TS 36.331[2], MBSFN subframes are semi-allocated and seldom changed in SIB2, which is named SAP (see [3]). An MSAP associated one MCH is also semi-allocated, which is conveyed on MCCH and is restrictedly modified during an MCCH modification period (e.g. 30s interval). On the other hand, due to the variable bitrate and bursty characteristic of MBMS service, MBSFN subframes in one MCH are dynamically scheduled by DSI and much more frequently scheduled or unscheduled. That will induce more or less unused MBSFN subframes during a MCCH modification period for one PMCH. Furthermore, that will induce multiple unused MBSFN subframes in many PMCH because each PMCH will occupy individual subframes excluding other PMCH. We think it is inefficient and unacceptable that so many unscheduled MBSFN subframes are not used and wasted.

In RAN1 #56bis, for CoMP it was decided to support PDSCH transmissions for Rel-10 UEs in MBSFN subframes, and in RAN1 #57bis (reference as [4]), it has been captured in the TR36.814 as following.

· LTE-Advanced supports the Rel-10 PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS

· In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region, same CP length is used for control and data

· Use of mixed CP lengths in data and control region is FFS

· Relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8

· CSI RS are punctured into the data region of normal/MBSFN subframes

As using MBSFN subframe into the CoMP usage. in Rel9, in order to reuse the unscheduled MBSFN subframes coming from relative long MCCH modification period and relative short dynamical scheduling period, we suggest reusing MBSFN subframe into unicast subframe for the MBMS usage in Rel9 on the based of not introducing much complexity.

Proposal: Unscheduled MBSFN subframe could be reused for unicast transmission
2.2. The reused mechanism for unscheduled MBSFN subframe

As we know, MBSFN subframe is divided into two parts, non-MBSFN region and MBSFN data region. UEs which are not have MBMS capacity (eg. Rel 8 UE) or non-interesting MBMS services (eg. Rel9 or later release UE) only need to receive non-MBSFN region of MBSFN subframe for ACK/NCK, UL grant and measurenment.

From the above analysis, in order to increase the subframe resource utility, we suggest changing part or all unscheduled MBSFN subframes into the unicast subframe for unicast transmission, these changed MBSFN subframes are named “fake MBSFN subframe” in this paper. The method we suggest is simple and as follows:

1) For the Non-MBSFN region, it keeps the same.

2) For the MBSFN data region, a) The CP length shall be the same as either its non-MBSFN region or the subframe #0, and b) CRS and scrambling code are changed into cell-specific CRS and scrambling code. Both a) and b) should strictly comply with current physical specification.

Based on the above changed, part or all unscheduled MBSFN subframes named fake MBSFN subframe can be reused as unicast subfame. See Fig.1.
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Fig. 1

2.3. The influence to UE

With the reused mechanism for fake MBSFN subframe, some unscheduled MBSFN subframes can be reused on unicast transmission.

The reused mechanism does not induce any influence to the Rel.8 UEs, which still receive the non-MBSFN region of the fake MBSFN subframe, no mater these fake MBSFN subframes are considered as either MBSFN subframes or unicast subframes.

The reused mechanism will be benefit to the Rel.9 and later release UEs which can be scheduled and allocated downlink unicast resource.

3 Conclusion 
In the above discussion, we have concluded with the following proposal:

Proposal: Unscheduled MBSFN subframe could be reused for unicast transmission
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