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1 Introduction

In 3GPP RAN1#82bis, significant progress has been made on M-PDCCH channel. In this contribution we discuss the remaining details for defining M-PDCCH for MTC UEs.
2 Discussion
How to handle CSI-RS in M-PDCCH construction (especially RE mapping and rate matching) before CSI-RS configuration is signaled to UE?
There are two options: 

· Option 1: SIBx provides a cell-wide CSI-RS configuration, and M-PDCCH configuration takes into account the cell-wide CSI-RS configuration; Later UE-specific signalling provides more detailed CSI-RS configuration

· Option 2: M-PDCCH transmission assumes that no CSI-RS exists before UE-specific signalling provides more detailed CSI-RS configuration. 

Our preference is Option 1.
Proposal 1 SIBx provides an optional field to indicate cell-wide CSI-RS configuration.
How to handle CSI-RS in M-PDCCH construction after CSI-RS configuration is signaled to UE? 
The eNB can either rate-match around or puncture the REs occupied by CSI-RS. In legacy EPDCCH, rate matching is used. 
Whenever CSI-RS configuration is known to the UE (including when CSI-RS configuration is provided by SIBx), rate matching is applied as in legacy E-PDCCH construction. 

If CSI-RS configuration is fully or partially NOT known to the UE, eNB punctures REs occupied by the unknown CSI-RS. 
Proposal 2 Whenever CSI-RS configuration is known to the UE, rate matching is applied as in legacy E-PDCCH construction.
How to handle M-PDCCH in special subframes?
a) normal CP the special subframe configurations 0 and 5 (not supported in legacy EPDCCH)
b) normal CP the special subframe configurations 3, 4, and 8 (four EREGs of one ECCE)
c) normal CP the special subframe configurations 1, 2, 6, 7 and 9  (eight EREGs of one ECCE)
d) extended CP the special subframe configurations 0, 4 and 7 (not supported in legacy EPDCCH), 
e) extended CP normal subframe (eight EREGs of one ECCE)
f) extended CP the special subframe configurations 1, 2, 3, 5 and 6 (eight EREGs of one ECCE)
For special subframes listed above, it is recommended to reuse same handling as legacy EPDCCH in above situations where there is no repetitition. 

When there is repetition: Use Case 1 or  Case 2 (as in 36.213) (which corresponds to Case A or Case B respectively (as in 36.211)) for all the subframes that a given M-PDCCH candidate is repeated. The Case used for an M-PDCCH is selected based on the applicable Case of that M-PDCCH for the first repetition subframe.  

Proposal 3 Use Case 1 or  Case 2 (as in 36.213) (which corresponds to Case A or Case B respectively (as in 36.211)) for all the subframes that a given M-PDCCH candidate is repeated in.
Subframes indicated by higher layers to decode PMCH

In TS 36.213, it is specified that “The UE shall not monitor EPDCCH … 
In subframes indicated by higher layers to decode PMCH.”
For Rel-13 LC/CE UEs, although PMCH is not supported, MBMS subframe configuration should be sent to LC/CE UEs in SIBx also, so that the LC/CE UEs know to skip the MBSFN subframes.
Proposal 4 MBMS subframe configuration should be sent to LC/CE UEs in MTC SIBx.
How to handle overlapping between M-PDCCH and PBCH/PSS/SSS?

It is specified in TS 36.213 that:

“A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary synchronization signals in the same subframe.”
Same principle as legacy EPDCCH should be used to handling overlap between M-PDCCH and PBCH/PSS/SSS. That is, M-PDCCH is not transmitted in PRB pairs that contain PBCH or PSS/SSS. In addition, the same should also be done to the newly introduced PBCH repetitions.

M-PDCCH transmission is dropped when colliding with a PRB pair containing PBCH/PSS/SSS, although eNB and UE are both aware of the collision. This allows proper alignment of frequency hopping pattern between an M-PDCCH overlapping with these PRB pairs in a subframe and the M-PDCCH that does not overlap with these PRB pairs in the same subframe.
Proposal 5 M-PDCCH is not mapped to a PRB pair that overlaps in frequency with transmission of PBCH/PSS/SSS (including PBCH repetitions).
3 Conclusions
In this contribution we discussed the remaining details for defining M-PDCCH for MTC UEs. Based on the discussion, we have the following proposals.

Proposal 1 SIBx provides an optional field to indicate cell-wide CSI-RS configuration.
Proposal 2 Whenever CSI-RS configuration is known to the UE, rate matching is applied as in legacy E-PDCCH construction.
Proposal 3 Use Case 1 or  Case 2 (as in 36.213) (which corresponds to Case A or Case B respectively (as in 36.211)) for all the subframes that a given M-PDCCH candidate is repeated in.
Proposal 4 MBMS subframe configuration should be sent to LC/CE UEs in MTC SIBx.
Proposal 5 M-PDCCH is not mapped to a PRB pair that overlaps in frequency with transmission of PBCH/PSS/SSS (including PBCH repetitions).
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