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1 Introduction

The use of LTE control channel region for DL transmission was discussed in RAN1#94 to RAN1#97 [1-6] meetings, and the following agreements were achieved.

	Agreement in RAN1#94 
· 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.

Agreement in RAN1#94Bis 

· 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.

Agreement in RAN1#95 

· 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.

Agreement in RAN1#96 

· 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

Agreement in RAN1#96bis 

· 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.

· 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
Agreement in RAN1#97
Confirm the following working assumption with the addition of the FFS bullet for TDD special subframes

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

· FFS: further MPDCCH mapping for TDD special subframes
Working Assumption

For MPDCCH/PDSCH transmission in LTE control region, the special subframe usage is the same as Rel-13.


This contribution provides further discussion on use of LTE control channel region for DL transmission for BL/CE UEs. 
2 MPDCCH Mapping mechanism for TDD special subframes
The agreed mapping mechanism can only be used when the minimum downlink duration is one slot plus x symbols, where x is the number of symbols used for control region. Table 1 shows the least duration for different length of LTE control region.

Table 1. The least duration if copying the second slot to the LTE control region

	Symbols of control region
	1 symbol
	2 symbol
	3 symbol

	Least duration
	17568Ts
	19760Ts
	21952Ts


The number of symbols in the second slot for special subframes is summarized in Table 2. The number of symbols in the LTE control region ranges from 1 to 3 for bandwidth larger than 1.4 MHz and from 2 to 4 otherwise. It can be observed that there may not be enough symbols in the second slot for the LTE control region. For example, if the LTE control region occupies 3 symbols, special subframe configurations 1, 6, 9 and 10 cannot use the mapping mechanism for normal subframes.

Table 2. The number of symbols in the second slot for special subframes

	Special subframe configuration
	DwPTS(Normal cyclic prefix)
	Number of symbols in the second 
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Observation 1: The MPDCCH mapping mechanism of normal subframes only applies to some special subframe configurations, and a new mapping rule needs to be defined for special subframes.
For TDD special subframes, the following options are proposed:
· Option 1: For TDD special subframe configurations with k < lMPDCCHStart symbols in the second slot, only k symbols will be copied into the first slot (note k maybe 0).

· Option 2: 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. For other special subframe configurations, confirm the working assumption [7].
Only a part of the control region is used for option 1 which may result in a waste of resources. Option 2 only deals with special subframe configurations 9 and 10, but based on the discussion above the problem is still unsettled for other subframe configurations.
Compared the two options above, a better option is that the resource elements in the last lMPDCCHStart symbols of MPDCCH transmission region are copied into the LTE DL control region for all special subframe configurations. However, due to the CRS pattern of the first k (k< lMPDCCHStart) symbols in the second slot is the same as the control region, the first k symbols should be first mapped to the control region and then the lMPDCCHStart – k symbols are mapped to the left symbols in the control region. As shown in Figure 2, the LTE control region has 3 symbols and the last 3 symbols (marked as symbol 1, 2 and 3) of MPDCCH region are copied to the LTE control region. The first two symbols in the second slot (symbol 2 and symbol 3) are mapped to the first two symbols of the LTE control region, then the symbol 1 is copied to the last symbol of the LTE control region. 


[image: image14]
Proposal 1: For TDD special subframes,  the last lMPDCCHStart symbols of MPDCCH transmission region are copied into the LTE DL control region and the first k (k< lMPDCCHStart) symbols in the second slot are mapped to the first k symbols in the LTE DL control region.
3 Special TDD subframe

In current specifications, special subframe configurations 0 and 5 cannot be used for eMTC transmission. Even LTE control region is available, only 3 symbols can be used, which can only provide limited benefits. Therefore, we propose to confirm the following working assumption:
Proposal 2: Confirm the following working assumption:

For MPDCCH/PDSCH transmission in LTE control region, the special subframe usage is the same as Rel-13.
4 Conclusions
In this contribution, the MPDCCH mapping mechanism is discussed, and the following observation and proposals are given:
Observation 1: The MPDCCH mapping mechanism of normal subframes only applies to some special subframe configurations, and a new mapping rule needs to be defined for special subframes.
Proposal 1: For TDD special subframes,  the last lMPDCCHStart symbols of MPDCCH transmission region are copied into the LTE DL control region and the first k (k< lMPDCCHStart) symbols in the second slot are mapped to the first k symbols in the LTE DL control region.
Proposal 2: Confirm the following working assumption:

For MPDCCH/PDSCH transmission in LTE control region, the special subframe usage is the same as Rel-13.
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