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Introduction
As discussed in [1], DwPTS in special subframe should be used for the repetitions of PDSCH. In this document, we will discuss how to transmit repeated MPDCCH in TDD frame structures. 
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]In enhanced coverage mode, repetitions of MPDCCH for MTC UEs are transmitted in multiple subframes. In TDD, there are no sufficiently long continuous DL subframes for the repetitions of MPDCCH. The ratio of DL/UL subframes is configurable as listed in Table 1. 
[bookmark: _Ref410058679]Table 1 Uplink-downlink configurations [2]
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



One possible way is that the repetitions of MPDCCH are transmitted only in D subframes skipping the U subframes and special subframes. However, above table shows in some Uplink-downlink (UL-DL) configurations, D subframes account for only 20% in one frame. For a MPDCCH aiming for 15 dB enhanced coverage, it leads to 5 times the transmission delay compared to FDD case. In addition, to use only D subframes for MPDCCH in coverage enhancement mode could substantially reduce the available resources for normal operation. Not to utilize DwPTS wastes available resources for enhanced coverage mode, especially for the 5 ms switch periodicity in configurations 0-2, 6. In order to fully use the DL resources, it is necessary to use the DwPTS for the MPDCCH.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 1: In TDD, DwPTS in special subframes should be used for the repetition(s) of MPDCCH.
Compared with regular D subframes, the available number of REs is smaller in DwPTS. Therefore, only some part of encoded bits can be sent compared with regular DL subframe. In non-enhanced coverage mode, the transmitted bits in DwPTS are determined by the rate matching procedure before modulation. 
Previously, cross subframe channel estimation and frequency hopping over the system bandwidth were agreed for enhanced coverage mode. Cross-subframe channel estimation can be realized in the following ways:
1. Combining OFDM symbols across subframes
OFDM symbol combining allows the simplest implementation compared to bit-level LLR combining: The repetitions are combined on symbol level without channel estimation, channel equalization, and demodulation during the predefined/configured duration (X subframes) which has static channel state. This decreases the complexity and power consumption related to processing of MTC UEs.
2. Combining RS REs across subframes, LLR combining of information bits
Only the REs that correspond to RSs are combined in the I/Q domain, the result being used for the cross-subframe channel estimation. While this removes the potential for a simple symbol-level combining strategy, it allows to use the rate matching to fill the available REs in DwPTS, allowing a higher coding gain than plain repetition of the identical information across subframes, however it requires the introduction of a redundancy version for convolutionally coded channels. This could be achieved by re-using the RV approach from the turbo coded channels for convolutionally coded MPDCCH, shown in the Annex for information. The raten matching method can ignore the difference of RE mapping caused the different RS position in regular DL subframe and DwPTS.
Combining OFDM symbols seems more attractive for the complexity design, but creates an imbalance of how often the different data symbols are repeated when combining repetitions from DwPTS and regular downlink subframes. The effect is shown in a simplified manner in Fig.1. Such an imbalance will have a negative effect on the decoding performance compared to a better balanced data transmission characteristic. If we want to keep the benefit of combining data on the symbol level, we think it would be better if different DwPTS subframes transmit shifted versions of a repetition in regular D subframe, such that the order of REs and their mapping can be retained, as shown in Fig.2.
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[bookmark: _Ref419280384]Fig.1 Repetition of REs in DwPTS of special subframes
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[bookmark: _Ref419280353]Fig.2 Shifting of OFDM symbols across special subframes

In our view, avoiding the imbalance caused by plain repetition of REs in DwPTS causes an avoidable loss for the overall decoding performance. Therefore we suggest adopting a shifting of OFDM symbols across DwPTS occasions, or a rate-matching in DwPTS occasions for MPDCCH. As the discussion about I/Q combining or LLR combining is currently ongoing, we think at this stage it is mainly important to agree a method to balance the number of RE/bit repetitions especially across DwPTS occasions.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 2: Adopt OFDM symbol shifting or different RV transmissions across DwPTS occasions.
Proposal 2a: Adopt OFDM symbol shifting to balance the RE repetitions across DwPTS occasions.
Proposal 2b: Adopt or different RV transmissions across DwPTS occasions.


Conclusion
This paper mainly discussed the usage of DwPTS in DL transmission for CE MTC. We have following proposals, 
Proposal 1: In TDD, DwPTS in special subframes should be used for the repetition(s) of MPDCCH.
Proposal 2: Adopt OFDM symbol shifting or different RV transmissions across DwPTS occasions.
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Annex: Potential introduction of RVs for Convolutional Coded Channels
The following pseudo-code shows change marks compared to the current pseudo-code for CC channels in clause 5.1.4.2.2 of 36.212:

The circular buffer of length  is generated as follows:


	 		for k = 0,…, 


	 	for k = 0,…, 


	 	for k = 0,…, 


Denoting by E the rate matching output sequence length, the rate matching output bit sequence is , k = 0,1,..., .


[bookmark: _GoBack]Set , where  is the number of rows defined in section 5.1.4.2.1.
Set k = 0 and j = 0
while { k < E }

	if 



						
k = k +1
	end if
j = j +1
end while
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