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[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Introduction
In this document, we propose symbol level combining for MPDCCH for CE mode B. It 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 which has static channel state. 
· Symbol buffer size, complexity and power consumption are decreased.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]For CE mode A, we don't propose symbol level combing with cross subframe channel estimation. Higher coding rate is required, which means bit-level LLR combining with rate matching depending on usable REs is suitable for mode A. 
For CE mode B, we propose symbol level combining. At first, we explain why symbol level combining is required to reduce UE complexity.
UE cost reduction by symbol level combining 
In order to allow cross subframe estimation using reference signal located after the data, the received signal before the channel estimation is required to be buffered. Figure 1 shows the case of LLR combining after the channel estimation. It shows the case that reference signal averaged or accumulated over 4 subframes are required.  Therefore, before the actual channel estimation, 4 subframes symbol data is buffered. The amount of the symbol buffer in this case is roughly 4032 words (14x12x6x4). This is roughly 1/6 of category 0 UE's soft buffer.
[image: ]
[bookmark: _Ref434402615]Figure 1 bit-level LLR combining,
In case of symbol level combining, before to obtain the channel estimation operation, symbols are combined. Then after the symbol level combined data, channel estimation, channel equalization, and demodulation are realized. This is shown in figure 2. The buffer size of MPDCCH is reduced to 1/4 compared from Figure 1. The amount of the symbol buffer is roughly 1008 words (14x12x6). The difficulty of the symbol level combining is to have small residual frequency error but this is achieved by agreed PBCH design for MTC. The number of channel estimation is also reduced by symbol level combining. 
[image: ]

[bookmark: _Ref434402858]Figure 2 symbol level combining

Observation 1: Symbol level combining can reduce the buffer complexity significantly and reduce the demodulation effort.

In the following, we discuss the required operation to allow symbol level combining. Note that the specification should not mandate to implement symbol level combining but only to allow the symbol level combining.
The scrambling sequence
The scrambling sequences during the predefined/configured duration should be same as similar as PUSCH agreement
Rate matching and RE mapping
"Normal subframe without CSI-RS" is used for reference subframe of rate matching and RE mapping. In order to support symbol level combining, rate matching is not changed during the Z subframes. RE mapping has several approaches as discussed follows depending on subframe types.
MPDCCH in normal subframe with CSI-RS
RE mapping is same as reference subframe. Brute force puncturing is applied for CSI-RS as also discussed in [2].
MPDCCH in special subframe configuration 1,2,6,7 and 9
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43]In case of Special subframe configuration 1,2,6,7 and 9, the number of EREGs per ECCE=8 is defined in EPDCCH. Then  L=1,2,4,8,(12) is supported and AL=24 is not supported. In RAN1#81, for an M-PDCCH candidate with {L, R} “The L is the same within R subframes” is agreed. Therefore special handing might be necessary for MPDCCH in Special subframe configuration 1,2,6,7 and 9. Following alternatives are considered.
Alt1) SF configuration 1, 2, 6, 7 are 9 are not used.
[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Alt2) number of EREGs per ECCE = 4 is supported. 
Alt2-1) RE mapping is same as reference subframe. Brute force puncturing is applied for unused REs in special subframe. REs on DMRS positions in normal subframe are empty.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK49][bookmark: OLE_LINK50]Alt2-2) RE mapping is OFDM symbol shifting based on reference subframe depending on DMRS position. Brute force puncturing is applied for unavailable OFDM symbols.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]We prefer Alt1). It has less spec impact. And not need to handle the special subframe specially while blindly detecting the aggregation levels. 
MPDCCH in special subframe configuration 3,4 and 8
[bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK60][bookmark: OLE_LINK61]In case of Special subframe configuration 3,4 and 8, number of EREGs per ECCE = 4 is supported in EPDCCH as same as normal subframe. Therefore there are two approaches.
[bookmark: OLE_LINK64]Alt1) RE mapping is same as reference subframe. Brute force puncturing is applied for unused REs in special subframe. REs on DMRS positions in normal subframe are empty.
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK71]Alt2) RE mapping is OFDM symbol shifting based on reference subframe depending on DMRS position. Brute force puncturing is applied for unavailable OFDM symbols.
We prefer Alt2) since the usable REs are not wasted and just OFDM shift is not so complicated for symbol level combining.

MPDCCH in MBSFN subframe
[bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK95][bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK103][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK90][bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK119]When valid DL subframe indication is provided by MTC-SIB1 and these valid subframes include MBSFN subframes indicated by MTC-SIB2, these subframes are valid MBSFN subframes for eMTC. The network ensures these subframes do not transmit PMCH. MTC SIBs should not be sent in these subframes. If MBSFN subframes are allocated for eMTC CE mode B, RE mapping is same as reference subframe. REs on CRS positions in normal subframe are empty.


Conclusion
We proposed symbol level combining for MPDCCH for CE mode B. It allows the simplest implementation compared to bit-level LLR combining. In order to allow symbol level combining, followings should be supported.
· The scrambling sequences during the predefined/configured duration should be same as similar as PUSCH agreement
· "Normal subframe without CSI-RS" is used for reference subframe of rate matching and RE mapping
· For MPDCCH
· SF configuration 1, 2, 6, 7 are 9 are not used.
· In special subframe configuration 3,4 and 8, RE mapping is OFDM symbol shifting based on reference subframe depending on DMRS position. Brute force puncturing is applied for unavailable OFDM symbols.
· In MBSFN subframe, RE mapping is same as reference subframe. REs on CRS positions in normal subframe are empty.
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