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1 Introduction

The term “quasi co-located” was defined in [1] according to RAN1 email discussion [2]:

	Definition: 
If two antenna ports are “quasi co-located”, the UE may assume that large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed”.
The “large-scale properties” mentioned in the above definition consist of some or all of:

· Delay spread 

· Doppler spread 

· Doppler shift

· Average gain 

· Average delay
The agreements of quasi co-location assumption are summarized as follows [1] [3]:

Agreement for CRS:

CRS May be assumed as quasi co-located with respect to all long term channel properties {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} within a cell.
Agreement for CSI-RS:

Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located with respect to {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.
Between CSI-RS resources, CSI-RS ports shall not be assumed as quasi co-located  with respect to {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.
Agreement for PDSCH DMRS:

PDSCH DMRS May be assumed as quasi co-located within a subframe with respect to  {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}
Agreement for PSS/SSS and CRS:

PSS/SSS and CRS ports for a cell may be assumed as quasi co-located with respect to {Doppler shift, Average delay}.
Agreement for CRS, CSI-RS and PDSCH DMRS:

Behavior A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located with respect to{Doppler shift, Doppler spread, Average delay, Delay spread}

Behavior B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located with respect to{Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located with respect to {Delay spread, Doppler spread, Doppler shift, Average delay}




However, the quasi co-location assumptions for EPDCCH DMRS are still left open, which will be discussed in this contribution.
2 Discussion
2.1 Quasi co-location within EPDCCH DMRS ports
EPDCCH can be transmitted in localized or distributed manner. In the localized transmission mode, an EPDCCH is transmitted on one or more PRB pairs using UE-specific DMRS, which helps to attain the beamforming gain for EPDCCH. It was agreed at the RAN1#69 meeting that each eCCE index in the localized EPDCCH allocation is associated by specification with one antenna port [4]. In case a DCI message uses multiple eCCEs in the PRB pairs, one antenna port is selected among all associated antenna ports and used for EPDCCH demodulation. It means that only one antenna port is used to demodulate the localized EPDCCH. Therefore, the DMRS for localized EPDCCH is not necessary to be assumed as quasi co-located with respect to all long term channel properties {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} between different DMRS ports.
Observation 1: The DMRS for localized EPDCCH is not necessary to be assumed as quasi co-located with respect to all long term channel properties {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} between different DMRS ports.
In the distributed transmission mode, an EPDCCH is transmitted over multiple PRB pairs, and up to two common DMRS ports are used for demodulation at UE. This transmission scheme is supposed to attain the frequency diversity gain for EPDCCH. According to the agreement from the RAN1#70 meeting, when distributed EPDCCH transmission is used, each RE in a given PRB pair belonging to a given DCI is associated with one of the two specific antenna ports alternately following the eREG mapping. It means that there are two antenna ports for a UE for distributed EPDCCH transmission. To ensure the flexibility of the network deployment, it might be possible that the EPDCCH could be transmitted on different antenna ports from different TPs respectively to obtain higher spatial diversity gain (e.g., macro spatial diversity gain). More explicitly, CoMP may be enabled for EPDCCH transmission, which may invalid the quasi co-location assumption of EPDCCH DMRS. Therefore, it would be better not to assume these two DMRS ports that are associated with distributed EPDCCH as quasi co-located with respect to all long term channel properties.
Observation 2: In some scenarios, the two DMRS ports associated with distributed EPDCCH transmission may not be assumed as quasi co-located with respect to all long term channel properties {Delay spread, Doppler spread, Doppler sift, Average gain, Average delay}.
According to the above observations, we suggest that:
Proposal 1: The DMRS for EPDCCH may not be assumed as quasi co-located with respect to all long term channel properties {Delay spread, Doppler spread, Doppler sift, Average gain, Average delay}.
2.2 Quasi co-located with other reference signal
2.1.1 EPDCCH DMRS vs. CRS and CSI-RS

It is necessary for a UE to track the correct timing and frequency for EPDCCH demodulation. Considering that DMRS is only present in the subframes on the configured PRB pairs where the UE is scheduled, it might be difficult for the UE to capture the timing directly from the DMRS due to the lack of samples. Nonetheless, robust reception of EPDCCH should be guaranteed for a UE due to importance of control channels. Therefore, it is necessary to link EPDCCH DMRS to other reference signals, from which UE can derive the long term properties of the channel for proper EPDCCH demodulation. There are two candidates to be considered:
· CRS ports: In Rel-8/9/10, as UE always synchronizes with the serving cell by tracking the CRS, it seems reasonable to assume DMRS to be quasi co-located with CRS ports for deriving the correct timing. However, in CoMP Scenario 4, where all TPs in the cooperating set share the same cell ID, CRSs are transmitted at the same REs from all TPs within the set. In this case, the timings from CRSs of different TPs can not be differentiated due to the superimposed received signals from different TPs. Therefore, it is not reasonable to assume that CRS ports are quasi co-located with EPDCCH DMRS ports at least in CoMP Scenario 4, where the CSI-RS may be a more suitable choice.
· CSI-RS ports: Since a TP-specific CSI-RS is transmitted from each TP in the CoMP measurement set, it is reasonable for a UE to assume its EPDCCH DMRS ports to be quasi co-located with the CSI-RS ports in the same TP for timing derivation. Furthermore since dynamic signalling is not available for EPDCCH, we suggest that the quasi co-located assumption between EPDCCH DMRS and CSI-RS resource is indicated by higher-layer signalling.
Based on the analysis mentioned above, it is reasonable to define two behaviours for a UE:

· Behaviour A: EPDCCH DMRS may be assumed as quasi co-located with CSI-RS resource with respect to {Doppler spread, Doppler shift, Average delay} by higher layers.
· Behaviour B: EPDCCH DMRS may be assumed as quasi collocated with respect to {Doppler spread, Doppler sift, Average gain, Average delay} with CRS.
Behavior A is preferred if CSI-RS is available and Behaviour B may be applied to a UE when CSI-RS is absent (e.g. TM1-TM8). The network can configured an appropriate behaviour for a UE by higher layers.
Proposal 2: UE supports two behaviours for quasi co-location assumptions between EPDCCH DMRS, CRS and CSI-RS:
· Behaviour A: EPDCCH DMRS may be assumed as quasi co-located with CSI-RS resource with respect to {Doppler spread, Doppler shift, Average delay} by higher layers.
· Behaviour B: EPDCCH DMRS may be assumed as quasi collocated with respect to {Doppler spread, Doppler sift, Average gain, Average delay} with CRS.
Proposal 3: The network can configure an appropriate behaviour for a UE by higher layer signalling.

2.1.2 EPDCCH DMRS vs. PDSCH DMRS

In CoMP transmission mode, the data for a UE might be transmitted from different TPs that are in the same CoMP measurement set. Furthermore, the set of TPs for cooperative transmission, i.e. CoMP set, will be configured dynamically according the time-varying channel quality from TPs. As a result, the long term properties for PDSCH DMRS ports may also be time-varying with the corresponding PDSCH TP in the CoMP set. However, the choice of the TP that is responsible for EPDCCH transmission may be relatively less frequent. Therefore, it is not reasonable to assume that PDSCH DMRS ports are quasi co-located with EPDCCH DMRS ports.

Proposal 4: EPDCCH DMRS may not be assumed quasi co-located with respect to {Doppler spread, Doppler sift, Average gain, Average delay} with PDSCH DMRS.
For reader’s convenience, we summarize the quasi co-location assumptions for EPDCCH DMRS in Table 1.
Table 1: Quasi co-location assumptions for EPDCCH DMRS.
	
	EPDCCH DMRS
	CRS
	CSI-RS
	PDSCH DMRS

	EPDCCH DMRS
	May not be assumed as quasi co-located with respect to all long term channel properties {Doppler spread, Doppler shift, Average gain, Average delay}
	May be assumed as quasi co-located with respect to  {Doppler spread, Doppler shift, Average gain, Average delay}
	May be assumed asquasi co-located with respect to {Delay spread, Doppler shift, Average delay} by higher layers
	May not be assumed as quasi co-located with respect to {Delay spread, Doppler shift, Average gain, Average delay}


3 Conclusion

In this contribution, we discussed the quasi co-located assumptions of EPDCCH DMRS. Our proposals are summarized as follows:
Proposal 1: The DMRS for EPDCCH may not be assumed as quasi co-located with respect to all long term channel properties {Delay spread, Doppler spread, Doppler sift, Average gain, Average delay}.
Proposal 2: UE supports two behaviours for quasi co-location assumptions between EPDCCH DMRS, CRS and CSI-RS:
· Behaviour A: EPDCCH DMRS may be assumed as quasi co-located with CSI-RS resource with respect to {Doppler spread, Doppler shift, Average delay} by higher layers.
· Behaviour B: EPDCCH DMRS may be assumed as quasi collocated with respect to {Doppler spread, Doppler sift, Average gain, Average delay} with CRS.

Proposal 3: The network can configure an appropriate behaviour for a UE by higher layer signalling.

Proposal 4: EPDCCH DMRS may not be assumed quasi co-located with respect to {Doppler spread, Doppler sift, Average gain, Average delay} with PDSCH DMRS.
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