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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancements for LTE was approved as part of a work item [1]. 
Stand-alone deployment:
· Enable the use of LTE control channel region for DL transmission (MPDCCH/PDSCH) to BL/CE UEs [RAN1, RAN2, RAN4]
· This deployment mode should support legacy operation for legacy BL/CE UEs.
And in RAN1#96 meeting, the following agreements were made regarding the use of LTE control region for DL transmission [2].
Agreement
Use of LTE DL control region for PDSCH and MPDCCH is configured by SIB1-BR.

Agreement
In case of retuning, the UE is not required to receive all the symbols in LTE downlink control region.
· No RAN1 specification impact
2. Discussion
In this contribution, we discuss details and open issues of MPDCCH/PDSCH RE mapping.
2.1. RE mapping for MPDCCH
For MPDCCH RE mapping, it was agreed that part of the MPDCCH are mapped into the LTE DL control region. Discussion on the definition of the part and which part of the MPDCCH we should take for mapping in LTE control region should follow in subsequent meetings. Our definition of the part of the MPDCCH is a set of REs used for MPDCCH transmission and enclosed in a time/frequency region that is defined in terms of OFDM symbol index(es) in time domain and PRB index(es) in frequency domain. The part of MPDCCH can therefore be described by a combination of a set of OFDM symbol indices and a set of PRB indices. And as not all REs in frequency domain are used for MPDCCH transmission, we further describe how a subset of REs for mapping in LTE control region are determined in frequency domain. 
For determining part of the MPDCCH mapped in LTE control region, we should take into account the followings:
· Special subframe configurations (e.g., number of DwPTS symbols, DMRS patterns in each special subframe configurations)
· Normal and extended CP (e.g., RS positions in each CP type)
· Reference/sync signals puncturing MPDCCH (e.g., CSI-RS, RSS, PRS)
For the third bullet, in the case where REs for MPDCCH are punctured by reference or sync signals, either REs puncturing MPDCCH can be mapped in LTE control region, or for example if REs puncturing MPDCCH are excluded from the part of the MPDCCH mapped in LTE control region, MPDCCH REs (punctured by reference or sync signals in legacy MPDCCH region) are mapped in LTE control region.
A few alternatives can be considered to determine the OFDM symbols of MPDCCH to be mapped in LTE control region. OFDM symbol(s) that is/are closest to the LTE control region can be copied. In this case, some of MPDCCH REs that will collide with CRS REs if they are mapped in LTE control region are not mapped in LTE control region. Those REs cannot be used either for synchronization or for combining gain. In our opinion, mapping OFDM symbols of MPDCCH containing reference signals (e.g., CRS or DMRS) is a better solution as known signals can be better utilized at the receiver e.g., for channel estimation as well as synchronization. Either OFDM symbol(s) containing CRS REs or DMRS REs can be mapped in LTE control region, but the extension to the TDD special subframes is more straightforward for the former.
Proposal 1: The part of the MPDCCH for mapping in LTE control region are defined as follows:
· In time domain, OFDM symbol(s) containing CRS REs at the same frequency locations as in the LTE control region
· For normal CP, OFDM symbol index(es) 7 to (7+ lMPDCCHStart-1) are copied to 0 to lMPDCCHStart-1
· For extended CP, OFDM symbol index(es) 6 to (6+ lMPDCCHStart-1) are copied to 0 to lMPDCCHStart-1
· Note: lMPDCCHStart is the starting OFDM symbol index for legacy MPDCCH
· In frequency domain, REs that belong to a set of PRBs for MPDCCH transmission and further satisfy the following conditions:
· REs used for MPDCCH transmission
· REs containing reference signals (e.g., DMRS) in the PRBs used for MPDCCH transmission
· REs not colliding with CRS REs in the LTE control region after they are mapped into the LTE control region
· FFS REs puncturing MPDCCH transmission REs (e.g., PSS, SSS, PBCH, CSI-RS)
2.2. RE mapping for PDSCH
When the PDSCH mapped in LTE control region is for Rel.16 UEs capable of using LTE control region for DL transmission, additional REs in LTE control region can be available for MPDCCH transmission. Additional payload bits (a larger TBS) can be transmitted given the same code rate in this case. In normal subframes, the percentage of increase may not be big enough, but in the case of special subframes especially with small number of DwPTS symbols, the percentage of increase is not small anymore and therefore the TBS scaling can be more beneficial in this case. The TBS scaling can be done in such a way to transmit a larger TBS in proportion to the increase number of symbols. 
Proposal 2: When PDSCH for Rel-16 UEs is mapped in LTE control region of the special subframe and the number of repetition is 1, TBS scaling is supported to transmit a larger TBS in proportion to the increased number of symbols.
· FFS details of TBS scaling
· FFS other cases (e.g., normal subframe, or special subframe with number of repetitions > 1)
When PDSCH mapped in LTE control region is for Rel.16 LTE MTC UEs capable of using LTE control region for DL transmission, the LTE control region can be used to transmit additional parity bits effectively lowering the code rate. As the code rate becomes lower, it can be considered to reduce the number of repetitions in inverse proportion to the increased number of OFDM symbols once used for LTE control region and now used for PDSCH transmission. The same applies to the case where part of MPDCCH is mapped in LTE control region as it also effectively lowers the code rate by repetition.
Proposal 3: When PDSCH for Rel-16 UEs is mapped in LTE control region and the number of repetition is larger than 1, consider scaling of the repetition number in inverse proportion to the increased number of symbols.
· FFS details of how to scale the repetition number 
3. Conclusion
In this contribution, we discussed details and open issues of MPDCCH/PDSCH RE mapping. Our proposals are as follows.
Proposal 1: The part of the MPDCCH for mapping in LTE control region are defined as follows:
· In time domain, OFDM symbol(s) containing CRS REs at the same frequency locations as in the LTE control region
· For normal CP, OFDM symbol index(es) 7 to (7+ lMPDCCHStart-1) are copied to 0 to lMPDCCHStart-1
· For extended CP, OFDM symbol index(es) 6 to (6+ lMPDCCHStart-1) are copied to 0 to lMPDCCHStart-1
· Note: lMPDCCHStart is the starting OFDM symbol index for legacy MPDCCH
· In frequency domain, REs that belong to a set of PRBs for MPDCCH transmission and further satisfy the following conditions:
· REs used for MPDCCH transmission
· REs containing reference signals (e.g., DMRS) in the PRBs used for MPDCCH transmission
· REs not colliding with CRS REs in the LTE control region after they are mapped into the LTE control region
· [bookmark: _GoBack]FFS REs puncturing MPDCCH transmission REs (e.g., PSS, SSS, PBCH, CSI-RS)
Proposal 2: When PDSCH for Rel-16 UEs is mapped in LTE control region of the special subframe and the number of repetition is 1, TBS scaling is supported to transmit a larger TBS in proportion to the increased number of symbols.
· FFS details of TBS scaling
· FFS other cases (e.g., normal subframe, or special subframe with number of repetitions > 1)
Proposal 3: When PDSCH for Rel-16 UEs is mapped in LTE control region and the number of repetition is larger than 1, consider scaling of the repetition number in inverse proportion to the increased number of symbols.
· FFS details of how to scale the repetition number 
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