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Introduction
RAN1#70 continued to discuss the quasi-co-location of antenna ports following its definition for quasi-co-located antennas in RAN1#68bis [1] in response to the LS received from RAN 4 [2] with questions on the definition of geographically separated antennas and their impact on CSI measurement.   This paper further discusses the remaining issues of quasi-co-located antenna ports in Rel-11.     


Remaining issues of Quasi-co-located antenna ports
In RAN1#70, it was agreed that DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing} in order to have correct PDSCH demodulation with DM RS.   

For CSI-RS, we have reached agreements for CoMP resource management set (not included in Rel-11) and CoMP measurement set.  

· For CoMP measurement set: 
· Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.

Quasi co-location assumptions between RS ports were also discussed in RAN1#70.  It was agreed that Rel-11 UEs would support one additional behavior in addition to the following behavior:

· 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 quasi co-location assumptions between CRS/DMRS and between CRS and CSI-RS ports are critical for the UE in the channel tracking and compensation since UEs use CRS for channel tracking.  There are two alternatives: 
· 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

Alternative 2 was further clarified in [1] to indicate that UE may assume quasi co-location of CSI-RS and CRS ports if signaling indication is provided by the network.  

The reference scenarios for RAN4 test definition for antenna port quasi-co-location were also discussed in RAN1 email reflector after RAN1#70.  Quasi co-location of RS ports, the reference Rel-11 UE behaviors, and the reference scenario were agreed in an LS to RAN4 [2].   


Network Assisted Signaling for quasi co-location between CSI-RS/CRS and DMRS/CRS

Since the antenna ports of CSI-RS and DM RS are configured arbitrarily without any association with cell ID in Rel-11, network signaling for quasi co-location would imply co-location of the antenna ports with the antennas of a particular cell ID.  The UE could assume quasi co-location of those antenna ports if they are signaled semi-statically or dynamically.  We agreed in RAN1#70 that DM RS could be assumed to be quasi co-located with a specific CSI-RS resource once they are signaled.  Each CSI-RS resource is configured for channel measurements for CSI feedback.  The UE needs to continue tracking the frequency and timing variation of the radio channel of the CSI-RS resource in order to provide the accurate CSI measurements.  If UEs could assume quasi co-location of DM RS and CSI-RS through signaling, UEs could use the results of channel tracking from a CSI-RS resource for the channel compensation of DM RS and PDSCH demodulation.   Such a signaling indication would improve the performance of CoMP if the transmission of PDSCH is dynamically switched between transmission points.  

UEs will perform channel tracking based on CRS once the cell is detected and acquired.   UEs also continue monitoring neighboring cells for detection and acquisition for mobility.  The proposed network assisted signaling to indicate the  co-location of CSI-RS and CRS [1] is to allow the UEs to reuse the results of channel tracking based on CRS to support the channel tracking of a given CSI-RS resource.  In [1], semi-static signaling to indicate the co-location of a specific CSI-RS resource and its associated CRS is described as follows, 

· 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 signalled 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


If the network assisted signaling is available for the UE to assume quasi co-location of CRS and CSI-RS, the UE could use the channel tracking results from CRS and apply them to the CSI-RS resources, which could be used for compensation of channel frequency and timing offset for DM RS and PDSCH demodulation.   Moreover, the CRS pattern for PDSCH rate de-matching around CRS could be inferred from the dynamic indication of the CSI-RS resource that is to be assumed to be quasi-co-located with the DMRS, without requiring additional dynamic signalling in the DCI.    


Proposal 1: 
· Signaling to indicate quasi-co-location of a CSI-RS resource and a CRS port can be semi-statically provided for channel tracking.  
· Signaling to indicate quasi co-location of DM RS and a specific CSI-RS resource in a subframe is embedded in the DCI format for UEs to perform channel compensation in demodulation
· If semi-static signaling to indicate quasi-co-location of a CSI-RS resource and a CRS port is provided, the CRS pattern for PDSCH rate de-matching can be inferred from the quasi co-location of the CSI-RS resource indicated in the DCI and the CRS port indicated by semi-static signaling; otherwise, the CRS pattern for PDSCH rate de-matching must be provided additionally in the DCI signalling.   


Quasi co-location of antenna ports 107 – 110.   

Antenna ports 107 – 110 are DM RS ports of ePDCCH.  ePDCCH DM RS could be precoded.  The determination of precoding vector for ePDCCH is the DL channel state information either directly measured by the eNB using channel reciprocity in TDD or fed back from UEs.  The CSI is measured by UEs on the specific RS ports, which is either CRS ports (mostly likely the serving cell antenna ports 0-3) or configured CSI-RS resource.   UEs will be configured a CSI feedback mode and DL transmission mode, which will determine the RS ports used for CSI measurements and CSI feedback.  Thus, it will be useful to indicate the quasi co-location between either CRS or CSI-RS for CSI measurement and antenna ports 107-110 through higher layer signaling when ePDCCH is configured.  

Proposal 2: Antenna ports 107-110 should be quasi co-located with either a CRS port or a CSI-RS resource, used for CSI measurement and feedback indicated through higher layer signaling when ePDCCH is configured.



Conclusions
In this paper, we further discuss the remaining issues of quasi-co-located and non-quasi-co-located antenna ports and its linkage to CSI measurement, and PDSCH demodulation.   We make the following proposals:  

Proposal 1: 
· Signaling to indicate quasi-co-location of a CSI-RS resource and a CRS port can be semi-statically provided for channel tracking.  
· Signaling to indicate quasi co-location of DM RS and a specific CSI-RS resource in a subframe is embedded in the DCI format for UEs to perform channel compensation in demodulation
· If semi-static signaling to indicate quasi-co-location of a CSI-RS resource and a CRS port is provided, the CRS pattern for PDSCH rate de-matching can be inferred from the quasi co-location of the CSI-RS resource indicated in the DCI and the CRS port indicated by semi-static signaling; otherwise, the CRS pattern for PDSCH rate de-matching must be provided additionally in the DCI signalling.   


Proposal 2: Antenna ports 107-110 should be quasi co-located with either a CRS port or a CSI-RS resource, used for CSI measurement and feedbacks indicated through higher layer signaling when ePDCCH is configured.
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