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Introduction
This contribution is resubmission of R1-151663.
MBSFN subframe handling was mentioned during discussion on starting OFDM symbol [1] but not so well discussed. MBSFN subframe handling impacts many aspects of MTC operation. This document discusses these impacts and proposes following points,
Proposal 1: The subframes configurable to MBSFN subframes can be used for Rel.13 MTC. 
Proposal 2: Relation between reference signal and MBSFN subframe should be taken into account for MTC operation
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]How to utilize MBSFN subframe is important as there could be 6 MBSFN subframes at a maximum within one radio frame as shown in Fig.1. To configure MTC channel operated in only non-MBSFN subframes (for example subframe 0, 4, 5 and 9 for FDD) is the simplest way to avoid the interaction with MBSFN subframe but it would largely reduce MTC resource usage. Although currently SIB1 and paging are only operated in the subframes never configured as MBSFN subframe, we don't think to use only these subframes is enough for MTC especially in large repetition case. Therefore, the subframes configurable to MBSFN subframes can also be utilized for MTC with coverage enhancements. For FDD, it means the subframe 1, 2, 3, 6, 7 and 8 can be used for Rel.13 MTC.
 Proposal 1: The subframes configurable to MBSFN subframes can be used for Rel.13 MTC. 
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Figure 1 maximum 6 MBSFN subframes in FDD

Although MBSFN subframes are designed to use MBMS operation, MBSFN subframes are used for other purposes like the mechanism to reduce CRS overhead in a subframe. By using MBSFN subframe, 12 REs used for CRS (in case of 2 CRS antenna ports) can be used for other purpose. Alternatively, it can reduce the interference by CRS and/or reduce eNB energy consumption. Example of such usage is CoMP, cell on/off operation, EPDCCH and Rel.10 relay. Especially if reference signal usage is DMRS, using MBSFN subframes, close to 10% resources can be used for data/control transmission and therefore corresponding performance can be improved.
From network perspective, MBSFN subframes can be categorized into two types. 
- Type 1: MBSFN subframe which could transmit MBMS
- Type 2: MBSFN subframe which never transmits MBMS
Type 1 MBSFN subframes are used to transmit MBMS and whether to schedule such traffic depends on the traffic situation of each MBMS service. Type 1 MBSFN subframes are difficult to be used for MTC channels with large number of repetitions because MBMS traffic scheduling periodicity could be shorter than MTC repetition. eNB may not know how these MBMS subframes are used in future. If MBMS is sent but MTC UE does not aware MBMS scheduling, it combines wrong data and the whole repetition period could be ruined. On the other hand, type 1 MBSFN subframe could be used for MTC channels with no or small repetition. This is similar to TM10 operation when no MBSFN traffic. 
Type 2 MBSFN subframes are intentionally configured by eNB to obtain the benefit of other than MBMS purpose i.e. the benefit of no CRS. When the network wants to reduce CRS overhead aggressively, such subframes can be configured. One of such example is CoMP operation. Type 2 MBSFN subframe could be used for both large and small number of repetition MTC traffic.
Observation 1: MBSFN subframes which could transmit MBMS would be difficult to use for MTC channels with large number of repetitions. Its usage for MTC with no or small number of repetition does not have the issue. 
Observation 2: MBSFN subframes which never transmits MBMS could be used for any MTC channels

Similar to other use cases, from MTC perspective, the usage of MBSFN subframe depends on reference signal assumption. 
- If only CRS is used, there is no need to configure MBSFN subframes. 
- By setting DMRS quasi-co-location to CRS, if both CRS and DMRS are used, there is no need to configure MBSFN subframes. The RS availability can be exactly same regardless of MBSFN subframe or non-MBSFN subframe by having DMRS in non-MBSFN subframe and having CRS like signal in MBSFN subframe.
- If only DMRS is used, to configure MBSFN subframes could achieve close to 10% resource ratio increase and approximately 10% reduction of the required repetition in time domain
Above reference signal usage could be also different depending on the channel i.e. L1/L2 control or data. 
Proposal 2: Relation between reference signal and MBSFN subframe should be taken into account for MTC operation

Conclusion
This paper mainly discusses the issue of MBSFN impact to MTC operation. Based on the discussions, we have following proposals and observations, 
Proposal 1: The subframes configurable to MBSFN subframes can be used for Rel.13 MTC. 
Proposal 2: Relation between reference signal and MBSFN subframe should be taken into account for MTC operation
Observation 1: MBSFN subframes which could transmit MBMS would be difficult to use for MTC channels with large number of repetitions. Its usage for MTC with no or small number of repetition does not have the issue. 
Observation 2: MBSFN subframes which never transmits MBMS could be used for any MTC channels
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