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Introduction
In [1], we proposed that the subframes configurable to MBSFN subframes can be used for Rel.13 MTC. For large number of repetitions, we observed that MBSFN subframes which could transmit MBMS would be difficult to use for MTC channels but MBSFN subframes which does not transmit MBMS could be used for MTC channels. The subframes can be used or not for Rel.13 MTC is not only limited to MBSFN subframes. Other than MBMS usage can be summarized as following;
- In TDD, when eIMTA is configured, reconfigurable downlink subframes may be used as uplink by Rel.13 MTC UEs if Rel.13 MTC only follows semi-static TDD configuration. 
- When small cell on/off is operated, Rel.13 MTC usage should be limited to "on" subframes. 
- For UL, the time/frequency resource used for D2D needs to be reserved in order to protect D2D usage. 
- For eICIC, the subframe usage should be limited to the restrictive set only.
Regardless of what reasons including future usage, the mechanism not to use certain subframe (and also certain frequency resource) is necessary. This ensures good forward compatibility. Therefore, the reservation of certain subframes is more general topic. In this document, we call the subframes can be used for Rel.13 MTC as "valid subframe" and we discuss how to indicate valid subframes to UE.  
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Valid subframe indication 
The property of valid subframe is quite different between large repetition case and no/small repetition case. For large repetition case, it is impossible to dynamically use some subframes like actual MBSFN subframe or eIMTA reconfigurable subframes for MPDCCH/MPDSCH/MPUSCH as the repetition time may exceed scheduling period of MBSFN traffic or eIMTA traffic. If Rel.13 MTC UEs use the reconfigurable subframes as uplink by larger repetition, it may collide with the DL transmission of the eIMTA UEs. But for no/small repetition case, it is possible to use actual MSBSFN subframe or eIMTA reconfigurable subframes as valid subframe for MTC since the scheduling period of MPDSCH/MPUSCH can be smaller. If the valid subframe is dynamically indicated, eNB could easily avoid collision with eIMTA UEs by scheduling. Dynamic indication of valid subframes can increase the subframe usage for Rel.13 MTC.
For large repetition case of MPDCCH and MPDSCH, eICIC bitmap-like RRC signalling could work and indicate valid subframe usage of MTC for downlink. Then only the valid subframes are used for Rel.13 MTC UE. For large repetition case of MPUSCH and MPUCCH, D2D resource pool like configuration could be used in order to indicate which subframes are used. As there is no specific need to be differentiated among UEs, these can be indicated by MTC SIBx commonly to all UEs in a cell. 
For no/small repetition case of MPDSCH and MPUSCH, the subframe usage can be more flexible and dynamic. By valid subframe indication in DCI, MPDSCH/MPUSCH could be dynamically scheduled in any subframe by eNB scheduling. One example is illustrated in the following figure, 
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Figure 1 valid subframe indication for no/small repetition case

In Fig.1, bitmap “101010” indicates that MPDSCH is scheduled in subframe#4, #6 and #8. MPDCCH and the subframe to apply such bitmap has a fixed timing (K =2). Via such approach, any subframe could be flexibly scheduled by eNB. This could achieve most flexibility of subframe usage. Although DCI size is not a big concern for no/small repetition case, some optimizations could be further done if necessary.
For no/small repetition case with MPDCCH and MPUCCH, the same mechanism with large repetition case should be used.

The valid resource in the frequency domain
The valid subframe has been discussed in the time domain above. For the frequency domain, same concept is required when the network is operating frequency domain interference coordination, intra-eNB CoMP and inter-eNB CoMP. For UL, as D2D band usage is not entire bandwidth, only to reserve certain frequency resource can increase the usage of Rel.13 MTC.
For DL, if the valid frequency resource indication is common to all subframes, PRB-level bitmap would be simpler approach. On the other hand, if different subframes have different frequency resource usage, PRB-level bitmap means large amount of the signalling. If inter-eNB CoMP signalling is reused for this purpose 110 PRB pairs with 40ms is required. One approach to reduce the size could be the frequency granularity is narrowband instead of PRB pair.
For uplink, D2D band indication method could be reused for Rel.13 MTC, for example starting PRB index, ending PRB index and PRB length are indicated for MTC.
In [2], we discuss the collision case handling between PBCH and Rel.13 MTC, i.e. the behaviour that certain resource in a narrowband cannot be used. The same mechanism can be used when certain PRBs in a narrowband cannot be used.

Common channels
Above is only the discussion on unicast case. We need the discussion on common channels. MIB and MTC SIB1 is not the indication of valid subframes. It is transmitted in specified or indicated subframes. SIBx other than SIB1, paging, RACH response and message 4 are based on valid subframe/band indication from MTC SIB1.
Conclusion
In this contribution, we discussed valid subframe indication and valid frequency domain indication. We also discussed the difference of the different channels. Our proposals can be summarized as followings.  
Proposal 1: For large repetitions, valid subframe and frequency indication are via MTC SIB. 
Proposal 2: Uplink and downlink are separately indicated. Exact signalling is discussed in RAN2.
Proposal 3: For no/small repetitions of MPDSCH and MPUSCH, valid subframe indication is indicated by DCI. For no/small repetition of MPDCCH and MPUCCH, the same mechanism with large repetition i.e. MTC SIB is used.
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