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Discussion and decision 
1 Introduction 
The following agreements on the QCL issues for EPDCCH DM-RS were reached via email discussion after the RAN1#70bis meeting:

1. Alt-1 (behaviours A and B1) are supported for EPDCCH. 

2. In TM 1-9, behaviour A is supported

3. In TM 10, it is RRC-configurable between behaviours A and B1

4. For a UE with 1-CSI-process capability, a maximum of 1 NZP-CSI-RS resource can be configured in the CoMP measurement set

5. All NZP-CSI-RS resources used for QCL assumptions are NZP-CSI-RS resources that are configured in the CoMP measurement set. 

Behaviour A: All ePDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with CRS for the serving cell
Behaviour B1: ePDCCH DMRS ports shall not be assumed as quasi co-located with any RS port, with the following exceptions:

· Within each distributed ePDCCH set: All ePDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with a configurable CSI-RS resource

· Within each localized ePDCCH set: All ePDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with a configurable CSI-RS resource
In this contribution, we discuss the remaining issues on EPDCCH DM-RS quasi co-location behaviour. 
2 EPDCCH DM-RS quasi co-location
Behaviour B1 allows support for DPS for EPDCCH as shown for UE1 in Figure 2‑1 which is applicable for all CoMP scenarios. Apart from the fact that the QCL configuration for EPDCCH DM-RS for the same resource blocks have to be semi-static while it can be dynamic for PDSCH DM-RS, the QCL issues for the DM-RS of the two physical channel types is fundamentally the same. As such the same benefit for allowing QCL between DM-RS and CRS via QCL between CSI-RS and CRS that we observed for PDSCH [3] should also be applicable for EPDCCH.
Therefore, we propose that when the UE is configured with behaviour B1 for EPDCCH DM-RS, the QCL between CSI-RS and CRS as proposed in [2] to allow QCL between EPDCCH DM-RS and CRS should be adopted:
· For each CSI-RS resource, the network can indicate by RRC signaling that CSI-RS ports and CRS ports may be assumed as quasi co-located wrt all properties

· If quasi co-location is indicated, the UE may assume quasi co-location wrt {Delay spread, Doppler spread, Doppler shift, Average delay} between all the CSI-RS ports of the CSI-RS resource and CRS ports of which the cell id is the same as the virtual cell id of the CSI-RS resource

· In the absence of the RRC signaling, CSI-RS ports and CRS ports shall not be assumed as quasi co-located wrt all properties
Similar as the case for PDSCH, higher layer configuration of QCL between CSI-RS and CRS enhances EPDCCH demodulation performance for CoMP scenario 1, 2 and 3 due to better frequency, time and PDP estimation from CRS [3].
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Figure 2‑1: DPS for EPDCCH (shown for UE1)
3 Conclusions
In this contribution, we discuss the remaining issues on EPDCCH DM-RS quasi co-location behaviour and propose that when the UE is configured with behaviour B1 for EPDCCH DM-RS, the QCL between CSI-RS and CRS as proposed in [2] to allow QCL between EPDCCH DM-RS and CRS should be adopted to enhance EPDCCH demodulation performance for CoMP scenario 1, 2 and 3.
· For each CSI-RS resource, the network can indicate by RRC signaling that CSI-RS ports and CRS ports may be assumed as quasi co-located wrt all properties

· If quasi co-location is indicated, the UE may assume quasi co-location wrt {Delay spread, Doppler spread, Doppler shift, Average delay} between all the CSI-RS ports of the CSI-RS resource and CRS ports of which the cell id is the same as the virtual cell id of the CSI-RS resource

· In the absence of the RRC signaling, CSI-RS ports and CRS ports shall not be assumed as quasi co-located wrt all properties
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