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1. Introduction
In RAN1#68bis, RAN 1 received LS from RAN 4 [1] with questions on the definition of geographically separated antennas and their impact on CSI measurement.     After lengthy online discussion, a scheduled offline discussion in RAN1#68bis and email discussion after the meeting, RAN1 agreed to use the terminology “quasi co-located antenna” for geographically separated antenna.  The definition of quasi- co-located antenna and its implication are included in the LS response to RAN4 [2].  This paper further discuss the quasi-co-located antenna and its related issues to CoMP feature.  

2. Discussion of Quasi-co-located antenna ports
The definition of quasi co-located antennas in LS response to RAN4 [2] captures large-scale radio channel property observed at the UE as follows:
“If two antenna ports are “quasi co-located”, the UE may assume that large-scale properties of the signal received from the first antenna port can be inferred from the signal received from the other antenna port”.

The “large-scale properties” mentioned in the above definition consist of some or all of;

· Delay spread 

· Doppler spread 

· Frequency shift

· Average received power 

· Received Timing

From the definition of quasi co-located antenna, the UE could not assume that non-quasi-co-located antenna ports have the same large-scale channel properties between them. Thus, the UE receiver would typically have to perform independent processing, such as timing acquisition and tracking, frequency offset estimation and compensation, channel estimation, and Doppler estimation, for each configured non-quasi-co-located antenna port.  

The next questions that RAN1 needs to address are:

· which sets of antenna ports may be assumed to be quasi-co-located and which may not, and 
· what signalling needs to be provided to indicate that the UE may assume quasi-co-location of antenna ports.

Since Rel-8, PSS/SSS and CRS port 0 have been able to be assumed as the reference for all UE front end processing, and this continues to be the case for CoMP scenarios 1-3 in Rel-11.  Although it has never been explicitly specified, it is reasonable to assume that the PSS/SSS and CRS port 0 are quasi-co-located, even though they may be transmitted from different physical antennas. This should extend to the reduced antenna port on the new carrier type in Rel-11. 
Proposal 1: The PSS/SSS antenna port(s) can be assumed to be quasi-co-located with CRS port 0. 

Proposal 2: The PSS/SSS antenna port(s) can be assumed to be quasi-co-located with the reduced antenna port on a carrier of the new carrier type in Rel-11.

For any non-quasi-co-located antenna port, the UE needs to be able to acquire and track the timing before it can make CSI measurements using that antenna port or demodulate the PDSCH using that antenna port. 

For CSI-RS, we discuss the remaining issues for Rel-11 in [7]. The current agreement for CSI-RS configuration is that the parameters of each CSI-RS resource are configured for the whole resource, not independently per antenna port within the CSI-RS resource. This assumes therefore that all the antenna ports within one CSI-RS resource are quasi-co-located. If the antenna ports within one CSI-RS resource were not quasi-co-located, the inter-ports channel correlation would be captured in the aggregated CSI measurements over the non-quasi-co-located antennas;  however, the performance of the PMI measurements would be degraded  when CSI is measured over a combination of channels with different large-scale  properties.    The benefit of configuring antenna port over one CSI-RS resource non-quasi-co-located has not been clearly shown with the current codebooks, and the UE complexity in measuring CSI might increase.  
Proposal 3: All the antenna ports within the same CSI-RS resource are assumed to be quasi-co-located in Rel-11. 

For the CSI-RS based RSRP measurements, it has been agreed that the UE may assume the timing of the received CSI-RSs on which it is configured to measure CSI-RSRP is the same as that derived from the PSS/SSS of the serving cell. This implies that if a UE is configured to measure CSI-RSRP on a CSI-RS resource, that CSI-RS resource is quasi-co-located with the PSS/SSS antenna port, at least in terms of received timing. 
However, a UE may be configured with other CSI-RS resources on which it is not required to measure CSI-RSRP. This may be the case in CoMP scenarios 1-3, where the UE may be configured to measure CSI on a CSI-RS resource corresponding to a neighbour cell for CS/CB, DPS or JT CoMP. In this case, the UE will not necessarily know which other antenna port the CSI-RS resource is quasi-co-located with. 

Therefore we propose:

Proposal 4: If a UE is not configured to measure CSI-RSRP on a CSI-RS resource, the CSI-RS resource configuration signalling may include an indication of the CellID of a cell whose PSS/SSS antenna port(s) can be assumed to be quasi-co-located with the CSI-RS resource. 

For DM-RS, the UE needs to be able to estimate the channel variation and compensate the conjugate of the channel variation for PDSCH demodulation.  Before the UE can perform channel estimation based on DM-RS, the timing reference for DM-RS (and hence for PDSCH) needs to be known, since it may be challenging to detect the timing directly from DM-RS and to compensate frequency offsets and Doppler variation for PDSCH demodulation since DM-RS and PDSCH are transmitted in the same subframe.  In [8], we discuss the control signalling requirements for CoMP, and point out that for DPS and JT it will be necessary for the DCI to include an indication of the CellID of the PDSCH transmission point, in order for CRS REs and rate matching to be correctly identified; however, such signalling would also serve the useful purpose of assisting the UE’s time and frequency tracking and compensation if the UE could assume that the DM-RS ports for PDSCH demodulation are quasi-co-located with the PSS/SSS of the indicated cell.  In this way, the reference time should be known in advance before PDSCH demodulation for CoMP with multiple TPs,and the UE could re-use the receiver front end processing outputs, such as Doppler estimation and frequency tracking.  For CoMP Scenario 4, the equivalent DCI signalling would be to indicate the index of a CSI-RS resource which the UE can assume to be quasi-co-located  with the DM-RS for PDSCH demodulation.
Proposal 5:  For CoMP, the DCI for the PDSCH assignment includes an indicator of an antenna port which can be assumed to be quasi-co-located with the DM-RS port for PDSCH demodulation. The indicator can be an index which is associated (via higher-layer signalling) either with a CellID (of which the PSS/SSS is the relevant antenna port) or with a CSI-RS resource.
Proposal 6: It should be discussed whether RAN4 needs to specify UE performance requirements for DM-RS-based PDSCH demodulation for the case when no indication is signalled of an antenna port which can be assumed to be quasi-co-located with the DM-RS port for PDSCH demodulation.
3. Conclusions
In this paper, we further discuss CSI measurement and PDSCH demodulation for quasi-co-located and non-quasi-co-located antenna ports.  We make the following proposals:  
Proposal 1: The PSS/SSS antenna port(s) can be assumed to be quasi-co-located with CRS port 0. 

Proposal 2: The PSS/SSS antenna port(s) can be assumed to be quasi-co-located with the reduced antenna port on a carrier of the new carrier type in Rel-11.

Proposal 3: All the antenna ports within the same CSI-RS resource are assumed to be quasi-co-located. 

Proposal 4: If a UE is not configured to measure CSI-RSRP on a CSI-RS resource, the CSI-RS resource configuration signalling may include an indication of the CellID of a cell whose PSS/SSS antenna port(s) can be assumed to be quasi-co-located with the CSI-RS resource.  
Proposal 5:  For CoMP, the DCI for the PDSCH assignment includes an indicator of an antenna port which can be assumed to be quasi-co-located with the DM-RS port for PDSCH demodulation. The indicator can be an index which is associated (via higher-layer signalling) either with a CellID (of which the PSS/SSS is the relevant antenna port) or with a CSI-RS resource.
Proposal 6: It should be discussed whether RAN4 needs to specify UE performance requirements for DM-RS-based PDSCH demodulation for the case when no indication is signalled of an antenna port which can be assumed to be quasi-co-located with the DM-RS port for PDSCH demodulation.
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