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1 Introduction
In RAN1 #94 meeting, there had the following agreements on the use of LTE control channel region for DL transmission to BL/CE UEs [1].

	FFS whether and for what broadcast transmission (e.g. SIBs, paging, SC-PTM, Msg2, etc) use of LTE control channel region for MPDCCH and PDSCH are applied 

The following options can be considered for transmission of MPDCCH and PDSCH in LTE control channel region:

For MPDCCH

· Option 1: All or part of the MPDCCH are mapped into the DL control region.

· Option 2: MPDCCH are rate-matched to all OFDM symbols. FFS on RE mapping details.

For PDSCH

· Option A: All or part of the PDSCH are mapped into the DL control region.

· Option B: PDSCH are rate-matched to all OFDM symbols. FFS on RE mapping details.


In RAN1 #94bis meeting, there had the following agreements on the use of LTE control channel region for DL transmission to BL/CE UEs [2].

	· Support PDSCH broadcast transmission in LTE control channel region

· PDSCH are rate-matched in a backward compatible manner on all available OFDM symbols. FFS on RE mapping details.


In RAN1 #95 meeting, there had the following agreements on the use of LTE control channel region for DL transmission to BL/CE UEs [3].

	· LTE control channel can be used for MPDCCH that is used to schedule broadcast PDSCH channel

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

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


In RAN1 #96 meeting, there had the following agreements on the use of LTE control channel region for DL transmission to BL/CE UEs [4].

	· Use of LTE DL control region for PDSCH and MPDCCH is configured by SIB1-BR.
· In case of retuning, the UE is not required to receive all the symbols in LTE downlink control region.

· No RAN1 specification impact


In RAN1 #96bis meeting, there had the following agreements on the use of LTE control channel region for DL transmission to BL/CE UEs [5].

	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 this contribution, we discuss the remaining issues on use of LTE control channel region for DL transmission.
2 On use of LTE DL control channel region in special subframe

In LTE TDD system, as shown in Table 1, the number of symbols in DwPTS is different for different special subframe configurations. 

Table 1  Number of OFDM symbol for different special subframe configurations
	Special subframe configuration
	Number of OFDM symbols (Normal CP)

	
	DwPTS
	GP
	UpPTS

	0
	3
	10
	1

	1
	9
	4
	1

	2
	10
	3
	1

	3
	11
	2
	1

	4
	12
	1
	1

	5
	3
	9
	2

	6
	9
	3
	2

	7
	10
	2
	2

	8
	11
	1
	2

	9
	6
	6
	2

	10
	6
	2
	6


The starting OFDM symbol 
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 in normal subframe is determined by higher layer parameter startSymbolBR. If the BL/CE UE is configured in CE mode A, for a special subframe, the starting OFDM symbol in the special subframe is min (2, 
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). For example, as shown in Figure 1, the starting positions of normal subframe and special subframe configuration 3 are different for 
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Figure 1 LTE control channel region in special subframe and normal subframe

In last meeting, a fixed mapping was agreed as a working assumption for MPDCCH mapping. As shown in Figure 1, 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
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Figure 2 Mapping of LTE DL control channel region for MPDCCH for normal subframe
For special subframe in TDD, if repetition is configured for MPDCCH in CE mode A, MPDCCH is supported in DwPTS for the special subframe configuration 3/4/8 with normal CP. MPDCCH is not supported in DwPTS for a UE in CE Mode B. For MPDCCH repetitions in CE mode A, MPDCCH only can be supported in special subframes with at least four DwPTS symbols in the second slot. Considering that the number of lMPDCCHStart  lMPDCCHStart symbols in the first slot.
symbols in the second slot can be copied into the firstsymbols in a special subframe is at most 2, the resource elements used for MPDCCH in the first lMPDCCHStart 
If repetition is not configured for MPDCCH, MPDCCH is supported in DwPTS for special subframe configuration 1/2/3/4/6/7/8/9/10. For special subframe configuration 1/2/3/4/6/7/8, since the second slot has at least two DwPTS symbols, the resource elements used for MPDCCH in the first lMPDCCHStart  lMPDCCHStart symbols in the first slot. However, for special subframe configuration 9/10, there has no DwPTS symbols in the second slot. As shown in Figure 3, the working assumption for MPDCCH mapping in last meeting cannot be applied.symbols in the second slot can be copied into the first
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Figure 3 MPDCCH transmission in DwPTS with special subframe configuration 9

For special subframe configuration 9/10, the resource elements in the first lMPDCCHStart symbols of MPDCCH transmission region are copied into the LTE DL control region if not colliding with CRS RE.symbols of MPDCCH transmission region are copied into the LTE DL control region. If a resource element mapping to LTE control region is collided with CRS RE, the resource element would be punctured. As shown in Figure 4, the resource elements in the last lMPDCCHStart 
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Figure 4 Mapping of LTE DL control channel region for MPDCCH for special subframe configuration 9

Proposal 1: Confirm the working assumption in RAN1 #96bis with the following modification:

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 expect for MPDCCH transmission in special subframe configuration 9/10.
symbols in the second slot are copied into the first
· For special subframe configuration 9/10, the resource elements in the last lMPDCCHStart symbols of MPDCCH transmission region are copied into the LTE DL control region if not colliding with CRS RE.
3 Conclusions

In this contribution, we have discussed the remaining issue of LTE control channel region for DL transmission for MTC. We make the following proposals:

Proposal 1: Confirm the working assumption in RAN1 #96bis with the following modification:

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 expect for MPDCCH transmission in special subframe configuration 9/10.
symbols in the second slot are copied into the first
· For special subframe configuration 9/10, the resource elements in the last lMPDCCHStart symbols of MPDCCH transmission region are copied into the LTE DL control region if not colliding with CRS RE.
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