
3GPP TSG-RAN1 Meeting #70


R1- 123155
QingDao, China, 13th -17th August, 2012
Agenda Item:
7.7
Source:
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:

Remaining aspects of Quasi-co-located Antenna Ports
Document for:
Discussion and decision 
1 Introduction

RAN1#69 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.     
2 Remaining issues of Quasi-co-located antenna ports
The following agreements were made in RAN1#69 regarding UE assumptions on quasi-co-location of antenna ports,
· CRS

· CRS may be assumed as quasi co-located by the UE wrt all long term channel properties {delay spread, Rx power, frequency shift, Doppler spread, Received timing} within the serving cell

· DMRS for PDSCH

· The baseline behavior – DMRS for PDSCH may be assumed as quasi co-located within a subframe with respect to {delay spread, rx power, frequency shift, Doppler spread, Received timing}

· FFS: 

· DMRS for PDSCH may be assumed as quasi co-located only within PRG wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing} and may [i.e. shall] not be assumed as quasi co-located between different PRGs, wrt to any of properties {delay spread, rx power, frequency shift, Doppler spread, Received timing} 

· A common FFT timing may be used by the UE for reception of non quasi co-located DMRS ports 
· Observation:  trade-off between performance gain with frequency selective DPS and impact on channel estimation due to the more restrictive quasi co-location assumptions. More study is needed for agreement. Aspects related to UE complexity and testing complexity should be also considered.
· CSI-RS
· For CoMP resource management set:

· Working assumption: 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}.

· For CoMP resource management set and CoMP measurement set:
· Between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located at least wrt {delay spread, rx power, frequency shift, Doppler spread}
· For CoMP measurement set:
· Between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located wrt{ Received timing}

· A common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources 

It is important to identify the required UE enhancements first in Rel-11 if the UEs are to support non-quasi-co-located antenna ports.  
2.1 UE capability enhancement to support non-quasi-co-located antenna ports
In Rel-10, UEs would acquire the DL timing and track the variation of timing and frequency based on CRS.  UEs would also perform timing and frequency offset compensation in the CSI measurements based on CRS or CSI-RS since all RS sequences are assumed to be generated based on the same Cell ID and could be assumed to be co-located by the UEs.   In Rel-11, only CRS sequences are generated based on Cell ID.   UEs would acquire the DL timing and perform time and frequency tracking from CRS.    However, both CSI-RS and DM RS sequences are generated by UE-specific scrambling.  UEs could not use the reference timing and frequency derived from CRS to compensate the timing and frequency deviation of CSI-RSRP and CSI measurements based on CSI-RS and PDSCH demodulation based on DM RS.  If the timing and frequency offsets are not properly compensated, the accuracy of CSI measurements and PDSCH demodulation performance would be degraded.  Thus, additional UE capabilities are required to detect and track timing and frequency variation of received signals from the CSI-RS ports and DM RS ports.  
2.1.1 UE capability in CSI-RSRP measurement
For the detection and initial timing acquisition of CSI-RS for CSI-RSRP measurements, it was agreed in RAN1#68 that the UE may assume the timing of the received CSI-RSs is the same as that derived from the PSS/SSS of the serving cell.   The performance study results from RAN4 shown in [3] indicate that the accuracy of CSI-RSRP measurement is not very sensitive to the timing error.  UEs could reuse the tracking of timing and frequency variation in the serving cell for CSI-RSRP measurement.   
Proposal 1: For CSI-RSRP measurement, UEs could reuse the reference of timing and frequency tracking from the serving cell as it is done in Rel-10.   

2.1.2 UE capability in CSI-RS detection and acquisition for CSI measurement
The sensitivity of timing and frequency errors of CSI-RS ports for CSI measurement is higher since timing or frequency offsets could result in phase shifts in the CSI measurements.  The phase drift would cause inaccurate PMI and CQI measurements.  Thus, Rel-11 UEs need to have additional capability of acquiring the timing of CSI-RS resource without the reference time from PSS/SSS and CRS as it has in Rel-10.   Rel-11 UEs also need to track time and frequency variation of each CSI-RS resource when multiple CSI-RS resources are configured in the CoMP measurement set.   It is very challenging for UEs to initially acquire the timing of each CSI-RS resource and to follow up in tracking the timing and frequency variation, in particular at low SINR.  Certain CoMP schemes, such as JT, might allow UEs to assume the timing is within the CP of the serving cell and use it as the reference time.  Other CoMP schemes, such as DPS, would not necessarily allow UEs to assume the timing would be within the CP of the serving cell, although a common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources.   Since UEs would anyway have the timing of each cell through continuous cell search and monitoring, it would be helpful if each configured CSI-RS resource in the CoMP measurement set were linked to an associated Cell ID.  The UE could then use the reference time of the associated cell for initial timing acquisition and subsequent tracking of time and frequency variations of the associated CSI-RS resource in the CoMP measurement set.  
Proposal 2: E-UTRAN should assist UEs in the detection and timing acquisition of CSI-RS resources for CoMP CSI measurement by providing an associated cell ID for each configured CSI-RS resource in the CoMP Measurement Set.  
2.1.3 UE capability in radio channel compensation for DM RS based PDSCH demodulation
Since DM RS are generated by UE-specific scrambling, UEs do not have any reference timing associated with a specific cell.  It would be very challenging for UEs to search and acquire the timing of DM RS once DM RS are transmitted along with PDSCH since it would not have sufficient timing accuracy in time-varying radio channels within a subframe in varied received SINR.   Thus, DM RS would need a timing reference from other RS, either CSI-RS or CRS.   CRS has only one reference timing related to the detected cell.  The timing derived from CRS could be used for TPs in CoMP scenarios 1, 2, and 3 but not 4 since TPs in CoMP scenario 4 are not co-located.  The timing of a CSI-RS resource for CoMP CSI measurement could also be used for the reference time of DM RS.   It is expected that the CoMP cooperating set for PDSCH transmission would be the same as or a subset of the CoMP measurement set since the channel state information from the CoMP measurement set would be used to determine the PDSCH transmissions.  PDSCH DM RS would be transmitted from one or more TPs with a CSI-RS resource configured for CSI measurement.  Thus, the timing of a CSI-RS resource is a good candidate for the reference timing of DM RS for all four CoMP scenarios.  Each PDSCH and DM RS transmission would thus have an associated CSI-RS resource which could be assumed to be quasi-co-located.   The eNB should indicate the associated CSI-RS resource for the PDSCH transmission through DL control signaling.  
Proposal 3: The DM RS within a subframe is configured with an associated CSI-RS resource which can be assumed to be quasi-co-located with the DMRS ports.   The eNB should indicate the associated CSI-RS resource for the PDSCH transmission through DL control signaling.  

2.2 Support of Frequency selective DPS
In RAN1#69, the UE assumption on the DMRS quasi-co-location between PRGs was discussed.   It was agreed as baseline that UEs should assume that DMRS for PDSCH are quasi-co-located within a subframe.   It was FFS whether  DMRS for PDSCH may be assumed as quasi co-located only within PRG and may not be assumed as quasi co-located between different PRGs, wrt to any of properties {delay spread, rx power, frequency shift, Doppler spread, Received timing}, to support frequency selective DPS.    As mentioned above, UEs need to acquire the timing and track the variation of timing and frequency for each non-quasi-co-located RS.   In particular, the compensations of timing and frequency offset are very critical to the performance of PDSCH demodulation.   If the DMRS in different PRGs could not be assumed to be quasi-co-located, UEs could not use a universal timing reference and frequency reference for compensation of DM RS.  In order to support frequency selective DPS, UEs would need to have knowledge of the reference timing for each PRG and compensate it accordingly.   The complexity of supporting frequency selective DPS is high and the performance benefit has not been shown.  
Proposal 4:  It is not supported in Rel-11 that DMRS for PDSCH may be assumed as quasi co-located only within PRG and may not be assumed as quasi co-located between different PRGs.  

3 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-RSRP, CSI measurement, and PDSCH demodulation.   We make the following proposals:  
Proposal 1: For CSI-RSRP measurement, UEs could reuse the reference of timing and frequency tracking from the serving cell as it is done in Rel-10.   
Proposal 2: E-UTRAN should assist UEs in the detection and timing acquisition of CSI-RS resource for CoMP CSI measurement by providing an associated cell ID for each configured CSI-RS resource in the CoMP Measurement Set.  
Proposal 3: The DM RS within a subframe is configured with an associated CSI-RS resource which can be assumed to be quasi-co-located with the DM-RS ports.   The eNB should indicate the associated CSI-RS resource for the PDSCH transmission through DL control signaling.  

Proposal 4:  It is not supported in Rel-11 that DMRS for PDSCH may be assumed as quasi co-located only within PRG and may not be assumed as quasi co-located between different PRGs.  
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