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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.
In this contribution, we discuss remaining issues of MPDCCH/PDSCH RE mapping.
2. Discussion
2.1. RE mapping for MPDCCH
In RAN1#97 meeting, the basic principle of MPDCCH RE mapping was agreed with an FFS for the TDD special subframe. The agreement is copied below for convenience.
	Agreement
· 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


As we understand it, the FFS above was made because for TDD special subframes 9 and 10, the basic principle cannot be applied as it is. And that is because there is no downlink symbol to copy from in the second slot. So this is clearly an issue. Another issue that led to the working assumption as shown below was whether or not the special subframe usage for MPDCCH/PDSCH transmission in LTE control region is the same as Rel-13. 
	Working Assumption
For MPDCCH/PDSCH transmission in LTE control region, the special subframe usage is the same as Rel-13.


Our suggested way forward for the two issues above (i.e., FFS and WA) is not to support this feature in TDD special subframes 9 and 10. For explanation, the usage of TDD special subframes 9 and 10 for MPDCCH transmission in Rel-13 eMTC is summarized below. 
· TDD special subframe configuration 9 with normal CP and no repetition
· TDD special subframe configuration 10 with normal CP, crs-LessDwPTS-r14 set to false, and no repetition
Both TDD special subframe 9 and 10 are not supported for MPDCCH transmission when repetition is configured and for special subframe 10, in addition to that, crs-LessDwPTS-r14 shall also be set to false for MPDCCH transmission. Taking into account the fact that their usage is very limited and also we already have two different RE mapping rules for MPDCCH and PDSCH, we propose to not support this feature for TDD special subframes 9 and 10 and revise the working assumption accordingly.
Proposal 1: Use of LTE control region for MPDCCH transmission is not supported in TDD special subframes 9 and 10.
· Other than TDD special subframes 9 and 10, the special subframe usage for MPDCCH/PDSCH is the same as Rel-13
Another issue that we have not covered yet on the MPDCCH RE mapping is how to deal with those REs that belong to MPDCCH PRBs but are punctured by some reference or sync signals. Clearly, MPDCCH DMRS REs are part of the MPDCCH REs that should be copied to LTE control region. MPDCCH DMRS REs that are copied into LTE control region can also be used for synchronization. For CSI-RS REs puncturing MPDCCH REs, there are two alternatives to consider.
· Alt.1 Copy MPDCCH REs into LTE control region
· Alt.2 Copy CSI-RS puncturing MPDCCH REs into LTE control region
As LTE MTC UEs cannot be aware of the presence of CSI-RS REs puncturing MPDCCH REs, they will probably have to exclude those REs for potential CSI-RS transmission from MPDCCH decoding. For Alt.1,  those MPDCCH REs that are potentially punctured by CSI-RS in MPDCCH region can now be used for MPDCCH decoding as they are now available in LTE control region. On the other hand, for Alt.2 compared to Alt.1, as the same REs are copied regardless of puncturing, it has the benefit in terms of synchronization performance.
Proposal 2: The resource elements used for MPDCCH and mapped in LTE control region include 
· Resource elements containing MPDCCH DMRS 
· FFS CSI-RS REs puncturing MPDCCH transmission REs
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 are available for MPDCCH transmission. In this case, additional payload bits (a larger TBS) can be transmitted given the same code rate. For normal subframes, the increase in data rate may not be big enough, but in the case of special subframes especially with small number of DwPTS symbols, the increase in data rate may not be 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 increased number of symbols. 
Proposal 3: 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 for PDSCH transmission due to the use of LTE control region. 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 4: 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: Use of LTE control region for MPDCCH transmission is not supported in TDD special subframes 9 and 10.
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Proposal 2: The resource elements used for MPDCCH and mapped in LTE control region include 
· Resource elements containing MPDCCH DMRS 
· FFS CSI-RS REs puncturing MPDCCH transmission REs
Proposal 3: 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 4: 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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