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1. Introduction
In RAN#80 a new work item (WI) on Rel-16 MTC enhancements for LTE was agreed. One of the WI objectives is to improve DL transmission efficiency and/or UE power consumption [1]. In particular, specify MPDCCH performance improvement by using CRS at least for connected mode.
In RAN1#94 meeting, the following agreements were made regarding MPDCCH performance improvement [2]:
	Agreement
CRS for improving channel estimation on USS MPDCCH is supported
[bookmark: _Toc521455643]Agreement
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). 
Agreement
eNB enables/disables “CRS for improving channel estimation on MPDCCH” via dedicated or broadcasted RRC signaling. FFS the details on the signaling.
Agreement 
CRS for improving channel estimation on Type0-MPDCCH CSS MPDCCH is supported.


In RAN1#94bis meeting, the group converged to the following [3]:
	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 express our views on how to enable CRS for coherent demodulation of MPDCCH.

2. Configuration of signaling to enable CRS for MPDCCH
In the last meeting the use of CRS for improving channel estimation on MPDCCH was agreed for IDLE mode. To enable this feature and configure it, broadcast system information (SI) signaling can be used.

Proposal 1:
· For IDLE mode, capable UE is enabled and configured to use CRS for MPDCCH demodulation by broadcast SI signalling.

In RAN1#94 meeting the use of CRS for improving channel estimation on MPDCCH was agreed on USS and Type-0 CSS MPDCCH which are typically used by CONNECTED mode UEs. Thus, for CONNECTED mode, the joint CRS and DMRS-based operation for MPDCCH demodulation can be enabled by the UE-specific physical channel configuration. The configuration is signaled by the Radio Resource Control (RRC) protocol. Typically, RRC messages with UE-specific signaling are delivered via PDSCH, and PDSCH is scheduled to BL/CE UEs by MPDCCH. Therefore, at the initial steps the BL/CE UE may demodulate MPDCCH relying on DMRS only or, if capable, on joint CRS+MPDCCH DMRS using the configuration from SI. Later, after receiving the proper dedicated configuration, the BL/CE UE may use it to demodulate MPDCCH transmissions using jointly CRS and DMRS. In this case, the use of CRS + DMRS for MPDCCH demodulation is restricted to the agreed cases of UE-specific search spaces (UESS) for MPDCCH and Type 0 common search space (CSS) for MPDCCH.

Proposal 2:
· For CONNECTED mode, capable UE can be reconfigured to use CRS for MPDCCH demodulation by UE-specific physical layer configuration via RRC.
· In this case, the use of CRS + DMRS for MPDCCH demodulation is restricted to the agreed cases of UESS and Type-0 CSS for MPDCCH.

3. Codebook-based operation
For coherent demodulation of MPDCCH jointly based on CRS and DMRS, it is needed to inform the UE about the precoding method applied to DMRS antenna ports. One of the simplest precoding methods is to select a precoding vector from a codebook. For that purpose, the codebooks specified in E-UTRAN for 2 and 4 antenna ports from Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [4] corresponding to the single-layer transmission can be reused for precoding of MPDCCH.
In the previous meeting, it was agreed to support both predefined mapping and mapping based on CSI report for localized MPDCCH. Clearly, the mapping based on CSI report can be used to benefit from closed loop operation if UE is configured with MIMO modes supporting PMI feedback (i.e., TM6 and TM9). In this case, the UE may assume that the PMI from its latest CSI report is used to precode MPDCCH DMRS. For all other modes, the predefined mapping mechanism can be used. The main purpose of the predefined mapping in this case is to provide transmit diversity in time or frequency domain. Open loop operation by means of precoding vector cyclic is a good candidate for that.
For distributed MPDCCH, it is also seemed reasonable to use predefined mapping between CRS and MPDCCH DMRS based on open loop precoding vector cycling. This is to provide an additional level of robustness because the distributed MPDCCH transmission is typically used to carry critical information like, e.g., SI.

Proposal 3:
· For localized MPDCCH:
· If UE is configured with a transmission mode assuming PMI report (e.g., TM6 or TM9)
· The UE may assume that the PMI from its latest CSI feedback is used to precode MPDCCH DMRS
· Otherwise, the predefined mapping between CRS and MPDCCH DMRS is used.
· For distributed MPDCCH:
· The predefined mapping between CRS and MPDCCH DMRS is used.
· The predefined mapping is based on precoding vector cycling in the time and/or frequency domain.

The indices of precoding vectors from the codebook (i.e., PMIs, precoding matrix indicators) are also signaled to BL/CE UEs as part of the physical channel configuration/SI. Moreover, to enable precoder cycling in the frequency and/or time domains, the PMI switching patterns over PRBs in frequency and MPDCCH repetition periods in time are also provided within the configuration. The PMI switching over time/frequency allows to get time/frequency diversity gains and, therefore, improve overall MPDCCH performance.
In order to reduce the number of precoders for the cycling operation, the UE-specific physical channel configuration provided by RRC/SI can include codebook subset restriction indication. In case of the codebook subset restriction, the precoder for MPDCCH is cycled over the indicated precoding vectors only. Therefore, to fix the precoder in time and frequency, if that’s needed, it is sufficient to restrict the codebook subset to a single vector only.
For the options of enabling cycling of the precoding over a set or subset of possible precoding vectors, in order to enable cross-subframe channel estimation for MPDCCH demodulation, the UE may assume that for a given PRB, the choice of the precoder/mapping from CRS to DMRS antenna ports is the same over  consecutive subframes, where  is the frequency hopping interval configured for the corresponding CE mode. 
In frequency domain, the precoders may cycle every PRB within a NB in which the MPDCCH is monitored.

Proposal 4:
· Reuse LTE Rel-8 codebooks corresponding to the single-layer transmission for precoding of MPDCCH.
· Enable codebook subset restriction indication as part of UE-specific physical layer configuration.
· Provide the UE with PMI switching pattern over the (sub-)set of precoders from the codebook.

4. Power boosting considerations
In the last meeting it was agreed to signal a power offset between CRS and MPDCCH DMRS antenna ports. This signaling can be a part of UE-specific configuration. However, it’s also beneficial to have some default power offset value. This value can be indicated in broadcast RRC signaled (e.g. SI).

Proposal 5:
· The default power offset between CRS and DMRS antenna ports of MPDCCH is signaled in SI.
· Power offset between CRS and DMRS antenna ports of MPDCCH is also indicated to the UE within the physical layer configuration provided by RRC.

5. Conclusions
In this contribution, we discussed considerations on CRS for MPDCCH performance improvement. Our proposals are summarized as below:

Proposal 1:
· For IDLE mode, capable UE is enabled and configured to use CRS for MPDCCH demodulation by broadcast SI signalling.

Proposal 2:
· For CONNECTED mode, capable UE can be reconfigured to use CRS for MPDCCH demodulation by UE-specific physical layer configuration via RRC.
· In this case, the use of CRS + DMRS for MPDCCH demodulation is restricted to the agreed cases of UESS and Type-0 CSS for MPDCCH.

Proposal 3:
· For localized MPDCCH:
· If UE is configured with a transmission mode assuming PMI report (e.g., TM6 or TM9)
· The UE may assume that the PMI from its latest CSI feedback is used to precode MPDCCH DMRS
· Otherwise, the predefined mapping between CRS and MPDCCH DMRS is used.
· For distributed MPDCCH:
· The predefined mapping between CRS and MPDCCH DMRS is used.
· The predefined mapping is based on precoding vector cycling in the time and/or frequency domain.

Proposal 5:
· The default power offset between CRS and DMRS antenna ports of MPDCCH is signaled in SI.
· Power offset between CRS and DMRS antenna ports of MPDCCH is also indicated to the UE within the physical layer configuration provided by RRC.
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