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1. Introduction
In 3GPP RAN1#70 meeting, good progress has been made on the issues of quasi-co-located antenna ports[1] and a series of agreements were reached.
It was agreed that one of the behaviors supported by a Rel-11 UE is behavior A as described below:

· A:  CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
The second UE behaviour supported by a Rel-11 is the following:

· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}

· The signaling of Z is implicit or explicit

· UE may assume that such signaling is available

· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI7.5.4
The remaining outstanding issues about quasi-co-located antenna ports are: 
· Quasi-co-location for CSI-RS and CRS
· Quasi-co-location for ePDCCH DMRS

· details about signaling for quasi collocation between RS types

In this contribution, we give our analysis and views on these remaining issues.  More details about  signaling for  quasi-co-location between CSI-RS and PDSCH DMRS can be found in [5].
2. Quasi-co-location for CSI-RS and CRS
In the RAN1 #70 meeting, it was agreed that UE behavior of assuming quasi-co-location for PDSCH DM RS and indicated CSI-RS is supported by implicit or explicit signaling. A remaining issue is the quasi co-location assumption between CRS ports and CSI-RS ports and between CRS ports and PDSCH DM-RS ports.  Two alternatives listed in chairman notes [1] are:
Alt.1:  

· CRS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties, 

· CRS ports and CSI-RS ports shall not be assumed as quasi co-located wrt all properties

Alt.2:
· CRS ports for the serving cell and CSI-RS ports may be assumed as quasi co-located wrt all properties
· Implicit signaling or RRC configuration defines the quasi co-location assumption between CSI-RS and CRS
· Quasi co-location assumptions between CRS and DMRS follow from the assumptions between CSI-RS/DMRS and CRS/CSI-RS

· In absence of other quasi co-location assumptions, CRS and DMRS shall not be assumed as quasi co-located

After RAN1# 70 meeting, a modified Alt2 in [2] was discussed in email discussion. We call it as Alt2a as shown below:
Alt2a: 
· For each CSI-RS resource, the network can indicate by higher layer signaling that CSI-RS ports and CRS ports may be assumed as quasi co-located wrt all properties

· The network can indicate a cell id based on which the UE may assume quasi co-location wrt all properties between all the CSI-RS ports of the CSI-RS resource and CRS ports associated with the signaled cell ID

· FFS  implicit signaling or explicit signaling of the cell id 

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

We interpret that Alt2 and Alt2a is different in a way that Alt2 allows quasi-co-location assumption between CSI-RS and serving cell CRS only.  For Alt2a, this can apply to non-serving cell CRS as well.
According to the evaluation result of NCT in [3][4], CSI-RS based estimation can get similar accuracy for timing property tracking compared with CRS.  But for frequency shift error estimation, the performance of CSI-RS based estimation is much worse than CRS based estimation.  In appendix, we show that there is still large performance difference between CSI-RS and CRS for frequency error tracking even we consider PDSCH muting.  Besides, we can envision that the available frequency tracking range will be limited when the number of CSI-RS antenna ports is more than one because of OCC spreading.
For scenario 1/2/3, quasi-co-location between CRS and CSI-RS can be assumed.   UE can make quasi co-location assumption between CRS and CSI-RS and thus between DMRS and CRS, and then improves PDSCH demodulation performance because of more accurate channel estimation and correction for synchronization errors.  But for CoMP scenario 4, the quasi-co-location between CRS and CSI-RS may be not valid, some mechanism need to be provided to ensure the UE can fallback to use the configured CSI-RS as reference.
To adapt to different scenarios, signaling of enabling/disabling of the quasi-co-location assumption between CRS and CSI-RS should be introduced.   When this is enabled, it is up to UE’s implementation to take the advantage of this quasi-co-location assumption.  We don’t see the need of RAN4 test to mandate this feature as we see this as optional optimization which is an implementation issue for the UE.  Explicit configuration of such quasi-co-location between CRS and CSI-RS seems more like mandating UEs to use this quasi-co-location.   Implicit way of matching the virtual cell ID parameter 
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of the CSI-RS with the cell ID corresponding to CRS is sufficient and more preferable.   Such implicit way can also be used for matching the CSI-RS with CRS from neighboring cells.   
Proposal 1: CRS port and CSI-RS port may be assumed as quasi-co-located at least wrt {frequency shift, Doppler spread}
· Enabling/disabling signaling is provided by the network.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
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 of CSI-RS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between CSI-RS and CRS.
Once quasi-co-location between CSI-RS and CRS is identified, signaling of quasi-co-location assumption between PDSCH DMRS and CSI-RS can be used to obtain the relationship between PDSCH DMRS and CRS.  In [5], we propose re-using  nSCID  bit to signal the quasi-co-location assumption between PDSCH DMRS and CSI-RS.

Proposal 2:  nSCID is re-used for dynamic indication of PDSCH RE mapping pattern as well as quasi-co-location assumption between PDSCH DMRS and CSI-RS.
3. Quasi-co-location for ePDCCH DMRS
ePDCCH DMRS vs PDSCH DMRS
For PDSCH transmission, dynamic signaling can be provided to support dynamic transmission point selection, such as dynamic indication of quasi-co-location of CSI-RS and DMRS, dynamic indication of DMRS sequence initialization parameter. While for ePDCCH, ways of dynamic signaling can be very limited.  It seems hard to guarantee quasi-co-location between ePDCCH and PDCCH.
Proposal 3： ePDCCH DMRS ports and PDSCH DMRS ports should not be assumed as quasi-co-located wrt all properties.

ePDCCH DMRS vs. CSI-RS
In Rel-11, it has been agreed that the modulation scheme for ePDCCH is QPSK which is more robust than PDSCH to channel estimation and synchronization errors.  On the other hand, the requirement for control channel is much higher than PDSCH.  Similar to PDSCH DMRS, the configuration of quasi-co-location for CSI-RS and ePDCCH DMRS is necessary.   The details of the signaling design should rely on the conclusion of signaling of ePDCCH, e.g.  whether different DMRS initialization parameter will be used for different ePDCCH resource set and whether multiple ePDCCH resource set can be configured within a single subframe.   The selection of CSI-RS can be coupled with one of these parameters.
Proposal 4：ePDCCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}.
· Details of the signaling depend on the conclusion for ePDCCH resource set configuration and conclusion of DMRS sequence initialization for different ePDCCH resource set.
ePDCCH DMRS vs. CRS
As pointed out in section2, CRS based estimation can improve the accuracy in scenarios 1/2/3, especially for frequency shift errors. For ePDCCH DMRS, similar optimization can be done.  Therefore, we have similar proposal for ePDCCH DMRS.
Proposal  5:Quasi-co-location between ePDCCH DMRS port and CRS port may be assumed at least wrt {frequency shift, Doppler spread}.
· Enabling/disabling signaling in proposal 1 can be re-used.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
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 of ePDCCH DMRS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between ePDCCH DMRS and CRS
Quasi-co-location for ePDCCH DMRS

Based on the progress in ePDCCH agenda, two types of ePDCCH is defined: distributed ePDCCH and localized ePDCCH.   In some scenarios, different types of ePDCCH may be transmitted by different transmission points.  e.g. Distributed ePDCCH may be SFN transmitted by multiple transmission points.  On the other hand, localized ePDCCH may be transmitted with a single transmission point.  For network scheduling flexibility, distributed ePDCCH DMRS ports and localized ePDCCH DMRS ports shall not be assumed as quasi-co-located.
While for single type of ePDCCH, multiple ePDCCH resource sets (K>1) may be used.  The quasi-co-location assumption for ePDCCH DMRS ports among different ePDCCH resource sets may depend on the further conclusion for configuration of different ePDCCH resource set, such as whether different DMRS initialization parameter should be considered among different ePDCCH resource set, the details for ePDCCH resource set configuration and whether the search space candidates is based on multiple ePDCCH resource set or single ePDCCH resource set.   
For single ePDCCH resource set, both DL/UL grant may exist in the same resource set and DL/UL grants that are transmitted in different PRB pairs could be transmitted from different transmission points.  However, it is difficult to support dynamic indication especially for DMRS port in the same ePDCCH resource set.  Also, considering the potential complexity increase for UE, we don’t think it is necessary to optimize such cases.  So we propose ePDCCH DMRS ports belonging to a single ePDCCH resource set may be assumed as quasi-collocated within a subframe.
Proposal 6： DM-RS port for distributed ePDCCH and DM-RS port for localized ePDCCH shall not be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.
· For single type of ePDCCH, ePDCCH DMRS ports belonging to a single ePDCCH resource set may be assumed as quasi-co-located within a subframe.
4. Conclusions
In this contribution, we discuss the remaining issues on quasi-co-located antenna ports.  Based on our analysis, we have the following proposals:

Proposal 1: CRS port and CSI-RS port may be assumed as quasi-co-located at least wrt {frequency shift, Doppler spread}

· Enabling/disabling signaling is provided by the network.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
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 of CSI-RS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between CSI-RS and CRS.
Proposal 2:  nSCID is re-used for dynamic indication of PDSCH RE mapping pattern as well as quasi-co-location assumption between PDSCH DMRS and CSI-RS.
Proposal 3： ePDCCH DMRS ports and PDSCH DMRS ports should not be assumed as quasi-co-located wrt all properties.

Proposal 4：ePDCCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}.
· Details of the signaling depend on the conclusion for ePDCCH resource set configuration and conclusion of DMRS sequence initialization for different ePDCCH resource set.
Proposal 5: Quasi-co-location between ePDCCH DMRS ports and CRS ports may be assumed at least wrt {frequency shift, Doppler spread}.
· Enabling/disabling signaling in proposal 1 can be re-used.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
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 of ePDCCH DMRS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between ePDCCH DMRS and CRS.
Proposal 6: DM-RS ports for distributed ePDCCH and DM-RS ports for localized ePDCCH shall not be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.

· For single type of ePDCCH, ePDCCH DMRS ports belonging to a single ePDCCH resource set may be assumed as quasi-co-located within a subframe.
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Appendix
· One CRS port, one CSI-RS port
· CRS is transmitted in every 1ms while CSI-RS is transmitted every 5ms.  
· 5 continuous subframes is used for timing and frequency error estimation for CRS based estimation, while only one subframe is used for CSI-RS based estimation. 
· -3dB additional  interference is added for CRS, no interference added for CSI-RS(mimic muting case), white noise is added to both CSI-RS and CRS 
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· No additional  interference is added for both CSI-RS and CRS, white noise is added for both CSI-RS and CRS 
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