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1 Introduction
In RAN#80, a new work item on MTC enhancements was approved (RP-181450) with the following objective:

Scheduling enhancement:

· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
In RAN1#94, and RAN1#94b the following was agreed:

Agreements
· CRS for improving channel estimation on USS MPDCCH is supported
· The relation between the MPDCCH DMRS and CRS is defined for enabling improved channel estimation. FFS the details on specifying the relation (e.g., whether the ‘definition’ means predefined in specification or done by signalling, relation between the CRS ports and DMRS ports, power offset between DMRS-CRS). 
· eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.
· CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.

Agreement

CRS for improving channel estimation on MPDCCH in idle mode is supported. FFS the details.

Agreement 

For localized MPDCCH, the following mappings are supported between CRS and DMRS:
· Predefined mapping
· Mapping based on CSI report
FFS the details.
Agreement

For distributed MPDCCH, mapping between CRS and DMRS is defined in specifications. 

· FFS the details (e.g. number of PRBs over which mapping applies, fixed or configurable)

Agreement

Power offset between CRS and DMRS antenna ports of MPDCCH is signaled by eNB. FFS the signaling details (e.g. provisioning for default power offset value).
In this contribution, we present further details on how to perform the mapping between MPDCCH and CRS ports.
2 Predefined mapping
For distributed operation, the mapping between CRS and DMRS is predefined. In general, distributed operation is designed to provide with spatial diversity (e.g. by the use of precoder cycling within or across multiple PRBs). Thus, it seems beneficial to also enable precoder cycling in the case of CRS and DMRS.
Proposal 1: For predefined mapping between CRS and DMRS, support different CRS-DMRS port mapping across different PRBs and subframes.


FFS: details
The easiest way to define this mapping seems to be as follows:
1) Define a table with the potential precoders used for CRS/DMRS mapping (example in Table 1 below).

Table 1 Example of possible mappings between CRS and DMRS ports

	
	2 CRS ports
	4 CRS ports

	Mapping#0
	[1, 1]
	[1,1,1,1]

	Mapping#1
	[1,-1]
	[1, -1, -1, 1]

	Mapping#2
	[0,1]
	[1, -1, 1, -1]

	Mapping#3
	[1,0]
	[1, 1, -1, -1]


2) Define a sequence that, for a set of {PRB, subframe, port}, chooses one of the mappings in the table.

Proposal 2: For predefined mapping:


- For the case of N CRS ports, define a set of Nx1 precoders as the possible mapping between CRS and MPDCCH ports.



- FFS whether this set reuses the Rel-8 Nx1 codebook


- Define a sequence (FFS: pseudo-random or fixed) that maps one of these precoders to a {PRB/subframe/port} set.
3 Operation for localized operation

In RAN1#94b it was agreed that mappings based on CSI report and predefined mappings are supported. In our view, both mappings should be supported simultaneously (but without impacting UE complexity): CSI report should be used when it is available (e.g. small delay since the last CSI feedback, or small doppler), but it has some reliability issues (e.g. if CSI report is decoded incorrectly at the eNB, the UE will not be able to decode the MPDCCH). The predefined mapping, on the other hand, allows for robust operation when channel conditions are unknown, but suffers from reduced performance with respect to techniques that rely on CSIT. Thus, it is desirable that, in a single MPDCCH search space, some candidates have predefined mapping and some other candidates have mapping based on CSI feedback.
Note that the typical MPDCCH operation for localized mapping is as follows:

1) UE estimates the channel for all ports (107/108/109/110) and for all PRBs.

2) UE calculates LLRs for all REs in all PRBs (4 demod per RE, assuming different ports)

3) UE uses the candidate table/hashing functions to determine the RE/port mapping of different candidates, and feeds the corresponding LLRs to the decoder.
The simplest way to enable dual operation, in this case, is to make one of the ports (e.g. port 107) to follow the CSI mapping and others to follow predefined mapping.
Proposal 3: For CRS-MPDCCH mapping for localized transmission:


- A subset of the MPDCCH ports follow the latest reported CSI report



FFS: Details of timeline


- A subset of the MPDCCH ports follow a preconfigured mapping with respect to CRS ports.
The technique above is useful for FDD operation with CSI feedback. In TDD, however, the network may resort to SRS-based reciprocity operation. In this case, the “closed loop” operation is not codebook-based, and thus the UE may not make any assumption on the precoder used by the eNB. If we enable this operation, then we could follow a similar approach as the one in proposal 3, but having the “closed loop” port not associated to CRS ports.
Proposal 4: For TDD operation, enable closed loop operation with reciprocity-based beamforming:


- A subset of the MPDCCH ports do not have mapping to CRS ports.


- A subset of the MPDCCH ports follow a preconfigured mapping with respect to CRS ports.
4 Configuration

In the previous meetings it was agreed to support RRC configuration of this feature. It is still open whether this indication is delivered by broadcast or unicast RRC. We propose to follow unicast RRC for the search spaces the UE monitors during connected mode, and broadcast RRC for the search spaces the UE monitors during idle mode.
Proposal 5: For USS and type-0 MPDCCH, the configuration of CRS-MPDCCH mapping is done via unicast RRC signalling.
Proposal 6: For CSS other than type-0 MPDCCH, the configuration of CRS-MPDCCH mapping is done via broadcast RRC signalling.
5 Conclusion

In this contribution we presented our views on how to perform MPDCCH-CRS mapping for improved channel estimation. We made the following proposals:

Proposal 1: For predefined mapping between CRS and DMRS, support different CRS-DMRS port mapping across different PRBs and subframes.


FFS: details

Proposal 2: For predefined mapping:


- For the case of N CRS ports, define a set of Nx1 precoders as the possible mapping between CRS and MPDCCH ports.



- FFS whether this set reuses the Rel-8 Nx1 codebook


- Define a sequence (FFS: pseudo-random or fixed) that maps one of these precoders to a {PRB/subframe/port} set.
Proposal 3: For CRS-MPDCCH mapping for localized transmission:


- A subset of the MPDCCH ports follow the latest reported CSI report



FFS: Details of timeline


- A subset of the MPDCCH ports follow a preconfigured mapping with respect to CRS ports.
Proposal 4: For TDD operation, enable closed loop operation with reciprocity-based beamforming:


- A subset of the MPDCCH ports do not have mapping to CRS ports.


- A subset of the MPDCCH ports follow a preconfigured mapping with respect to CRS ports.
Proposal 5: For USS and type-0 MPDCCH, the configuration of CRS-MPDCCH mapping is done via unicast RRC signalling.
Proposal 6: For CSS other than type-0 MPDCCH, the configuration of CRS-MPDCCH mapping is done via broadcast RRC signalling.
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