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1. Introduction
In the RAN #80 meeting, the following Rel-16 MTC enhancement for LTE was approved as part of a work item [1]. 
Improved DL transmission efficiency and/or UE power consumption:
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
Related to this agenda, the following agreements were made in RAN1 #96 meeting [2].
Agreement
Precoding cycling in time domain with a granularity of YCH is supported. FFS whether further values are supported in which case the granularity is configurable.

Agreement
For precoding cycling, the precoder set consists of [2 or 4] existing precoders for 2Tx antennas and 4 existing precoders for 4Tx antennas. 
FFS: The precoder set is configured or not. 

For further study
· The order and pattern of the used precoder in time and frequency domain for precoder cycling
2. Discussion
As of RAN1 #95 meeting, precoder cycling is supported for both localized and distributed MPDCCH transmission, and port mapping based on CSI report is supported for localized MPDCCH transmission. And in RAN1 #96 meeting, details of precoder cycling such as time/frequency domain granularity and the number of precoders in a precoder set. We further discuss details and remaining issues of the port mapping between CRS and MPDCCH DMRS for both localized and MPDCCH transmission. 
2.1 Port mapping based on precoder cycling
For localized and distributed MPDCCH, the predefined mapping between CRS ports and MPDCCH ports is based on precoder cycling across time and frequency domain. For time domain granularity of the precoder cycling, it was agreed to support YCH which is equal to the DL frequency hopping interval for legacy eMTC and also the number of subframes over which the same precoding for MPDCCH DMRS is assumed. For determining the granularity of the precoder cycling in frequency direction, the trade-off between space diversity and PRB bundling gain can be considered. While granularity of 1 PRB provides better space diversity effect than a multiple of PRBs, from our experiment during Rel.13 discussion, 2 or 3 PRBs provides better performance due to PRB bundling gain. Taking also into account the fact that the MPDCCH PRB set consists of 2/4/6 PRBs, it is proposed to support the precoder cycling granularity of 2 PRBs in frequency direction. For distributed MPDCCH transmission, the PRBs comprising a MPDCCH PRB set may not be contiguous. We can further study if other value(s) also need(s) to be supported in that case. 
Proposal 1: When precoder cycling is applied in frequency direction, the granularity of precoder cycling is N PRB(s)
· N=2 is supported at least for localized MPDCCH transmission
· FFS for distributed MPDCCH transmission
· FFS whether to support N=1
When the precoder cycling is enabled in both time and frequency direction, the order or pattern of the precoder cycling should be designed in such a way that it avoids the case where the same precoder index(es) repeat(s) in time direction in a short period. The said case can easily be avoided by repeating the same precoding index(es) in time direction within each time domain granularity (YCH), and adding an offset (e.g., 1) to the precoding index(es) across time domain granularities. 
Proposal 2: The order of precoder cycling when enabled for both frequency and time directions are as follows:
· Precoder index increases (or decreases) in frequency direction within a set of precoders comprising a precoder set
· All the precoder index(es) in frequency domain repeat(s) in time direction within each time-domain granularity (e.g., within YCH, frequency hopping interval)
· All the precoder index(es) in frequency domain increase(s) (or decrease(s)) by an offset value in time direction across time domain granularities (e.g., offset value = 1)
· Modulo Np applies to the precoder index if it is equal to or larger than Np (Np is the number of precoders in a precoder set)
2.2 Port mapping based on CSI report
When an MPDCCH is assigned a port mapping based on CSI report, the eNB can configure the precoder recommended by a UE based on the CSI report. In that case, it is possible that an eNB misses a CSI report from the UE in which case the UE cannot recover without a fallback mechanism.
Proposal 3: 
Support precoder cycling as a fallback mechanism of the mapping based on CSI report to cope with the case where eNB misses a CSI report from a UE or (re)configures the port mapping b/w CRS and DMRS
· FFS how to support precoder cycling as a fallback mechanism (e.g., enable configuring 2 MPDCCH PRB sets, one for mapping based on CSI report and another for precoder cycling)
It was briefly discussed in RAN1 #95 meeting on the port relation between CRS and DMRS when normal subframes and MBSFN subframes coexist within a configured number of repetitions. We realized that there can be potential different understandings among companies, but there has been no further discussion on this topic. We suggest the port relation b/w CRS and DMRS configured for Rel-16 UEs capable of using CRS for MPDCCH performance improvement applies to MBSFN subframe(s) available for MPDCCH/PDSCH transmission. By doing so, when normal subframes and MBSFN subframes coexist within a configured number of repetitions, cross-subframe channel estimation between normal and MPBSFN subframes are possible for MPDCCH DMRS.
Proposal 4: 
The port relation b/w CRS and DMRS configured for Rel-16 UEs capable of using CRS for MPDCCH performance improvement applies to MBSFN subframe(s) available for MPDCCH/PDSCH transmission. 
3. Conclusion
In this contribution, we discussed details and open issues of the port mapping between CRS and MPDCCH DMRS. Our proposals are as follows.
Proposal 1: When precoder cycling is applied in frequency direction, the granularity of precoder cycling is N PRB(s)
· N=2 is supported at least for localized MPDCCH transmission
· FFS for distributed MPDCCH transmission
· FFS whether to support N=1
Proposal 2: The order of precoder cycling when enabled for both frequency and time directions are as follows:
· Precoder index increases (or decreases) in frequency direction within a set of precoders comprising a precoder set
· All the precoder index(es) in frequency domain repeat(s) in time direction within each time-domain granularity (e.g., within YCH, frequency hopping interval)
· All the precoder index(es) in frequency domain increase(s) (or decrease(s)) by an offset value in time direction across time domain granularities (e.g., offset value = 1)
· Modulo Np applies to the precoder index if it is equal to or larger than Np (Np is the number of precoders in a precoder set)
Proposal 3: 
Support precoder cycling as a fallback mechanism of the mapping based on CSI report to cope with the case where eNB misses a CSI report from a UE or (re)configures the port mapping b/w CRS and DMRS
· FFS how to support precoder cycling as a fallback mechanism (e.g., enable configuring 2 MPDCCH PRB sets, one for mapping based on CSI report and another for precoder cycling)
Proposal 4: 
The port relation b/w CRS and DMRS configured for Rel-16 UEs capable of using CRS for MPDCCH performance improvement applies to MBSFN subframe(s) available for MPDCCH/PDSCH transmission. 
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