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1. Introduction

At the RAN1 #96bis meeting, use of LTE control channel region for LTE-MTC was discussed. Based on the discussion, RAN1 made the following agreements [1].
	Conclusion

CRS modulation symbols in OFDM symbols 0 and 1 of the stand-alone carrier are the same as those in the legacy control channel region.

Agreement

When performing rate-matching for PDSCH in the LTE control region, all resource elements shall be counted in the PDSCH mapping, except for the ones reserved for cell-specific reference signals on any antenna port.

· Same as legacy operation

Working Assumption

· For MPDCCH mapping, a fixed mapping in time is used. The resource elements used for MPDCCH in the first lMPDCCHStart  lMPDCCHStart symbols in the first slot.symbols in the second slot are copied into the first


In LTE-MTC, DL transmission cannot be mapped within LTE control channel regions to avoid the impact on legacy LTE devices for in-band/guard-band deployment. However, for stand-alone deployment, it decreases spectrum efficiency unnecessarily. In this contribution, we provide our views on the use of LTE control region for DL transmission in LTE-MTC.
2. Discussion on the use of LTE PDCCH region
2.1. RE mapping of MPDCCH
At the last meeting, RAN1 made the working assumption on the MPDCCH mapping manner in LTE PDCCH region, which is based on fixed RE mapping in time domain. As some companies proposed, we can consider another solution which is based on time-varying RE mapping. In the case, MPDCCH detection performance may be improved by taking advantage of time diversity. However, we consider that most of eMTC/NB-IoT devices are stationary so the time-varying rate matching would not be able to provide performance improvement. Rather, it may increase UE implementation complexity unnecessary. Therefore, we prefer RE mapping manner fixed in time domain for MPDCCH transmission in LTE PDCCH region. In the case, we need to discuss on which part of MPDCCH is copied into LTE PDCCH region. We show the example of MPDCCH resource allocation for legacy eMTC UE as shown in Figure 1. As shown in Figure 1, some alternatives can be considered to copy REs into LTE PDCCH region. During the last meeting, CRS presence in LTE PDCCH region was discussed and RAN1 agreed that CRS modulation symbols of stand-alone LTE carrier are the same as those in the LTE PDCCH region. Therefore, if Alt. 1/3 is applied, some MPDCCH REs are collided with CRS REs. In the sense, Alt. 2 in which no CRS REs are collided with MPDCCH REs was taken as working assumption. Based on the discussion, if MPDCCH RE mapping manner is fixed in time domain, we prefer Alt.2 as in the working assumption.
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Figure 1: Alternatives for MPDCCH RE mapping in LTE PDCCH region
Proposal 1: Confirm the following working assumption

· For MPDCCH mapping, a fixed mapping in time is used. The resource elements used for MPDCCH in the first lMPDCCHStart  lMPDCCHStart symbols in the first slot.symbols in the second slot are copied into the first
2.2. TDD special subframe
As one of remaining issues, we also need to discuss on the use of LTD PDCCH region in TDD special subframe. RAN1 made the following agreements at the RAN1#95 meeting as follows. Even in the TDD special subframe, this agreement can be applied in straightforward way. Therefore, at least for PDSCH transmission in LTE PDCCH region, rate-matching manner does not need to be discussed further.
	Agreement

For PDSCH transmission in LTE control region, rate-matching is done using legacy mapping then wrap around starting with OFDM symbol 0.


For MPDCCH transmission in LTE control region, RAN1 agreed that the part of the MPDCCH are mapped into the LTE DL control region. In the case, it is not clear how to support MPDCCH transmission in TDD special subframe. In current eMTC specification, MPDCCH transmission in special subframe is defined except for the case of three-symbol DwPTS. If we define new EREG mapping by using the symbols in LTE PDCCH region, the additional usage of special subframe for MPDCCH transmission may be discussed. However, in this feature, we consider that the usage of legacy PDSCH region should be the same with legacy eMTC to reduce UE implementation complexity as much as possible. Therefore, we provide following proposal.

Proposal 2: The usage of LTE PDSCH region for MPDCCH transmission even in TDD special subframe should be the same with legacy eMTC.

2.3. UE capability
At the RAN1 #95 meeting, RAN1 made following agreements. 

	Agreement
For MPDCCH transmission in LTE control region, part of the MPDCCH are mapped into the LTE DL control region.

Agreement

For PDSCH transmission in LTE control region, rate-matching is done using legacy mapping then wrap around starting with OFDM symbol 0.


At least from legacy BL/CE UE perspective, all the signals/channels shall be mapped within legacy LTE PDSCH region. Based on the agreements above, MPDCCH/PDSCH in legacy PDSCH region is transmitted by using legacy manner of rate-matching and RE mapping. If the use of LTE PDCCH region for MPDCCH /PDSCH is enabled via SIB1-BR, eNB can always use the LTE PDCCH region even for its unicast transmission. In the case, eNB may not need to differentiate for each UE’s capability to monitor LTE PDCCH region. However, it would increase eNB power consumption unnecessarily. In the sense, it is very natural to support UE capability signaling to monitor LTE PDCCH regions. 

Proposal 3: The use of LTE PDCCH region for unicast MPDCCH/PDSCH should be based on the reporting of UE capability signalling.

3. Conclusion

In this contribution, we discuss on the use of LTE control region for DL transmission in LTE-MTC. Based on the discussion, following proposals are made.

Proposal 1: Confirm the following working assumption

· For MPDCCH mapping, a fixed mapping in time is used. The resource elements used for MPDCCH in the first lMPDCCHStart  lMPDCCHStart symbols in the first slot.symbols in the second slot are copied into the first
Proposal 2: The usage of LTE PDSCH region for MPDCCH transmission even in TDD special subframe should be the same with legacy eMTC.

Proposal 3: The use of LTE PDCCH region for unicast MPDCCH/PDSCH should be based on the reporting of UE capability signalling.
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