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1. Introduction
Some discussion took place in RAN1#69 on quasi-co-located antenna port issues for CoMP [1]. It is agreed for CRS that “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”.
For DMRS for PDSCH, the baseline UE behavior is agreed as “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}”.  And the additional support of the following alternative on top of the baseline UE behavior is FFS:
· [FFS1] Whether to additionally support that
DMRS for PDSCH may be assumed as quasi co-located within PRG wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing} and
DMRS for PDSCH 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}
(For this case, a common FFT timing may be used by the UE for reception of non quasi co-located DMRS ports)
For CSI-RS, the following agreements and working assumption were made.
[Agreements]

· For CoMP resource management (CRM) set & CoMP measurement (CM) 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 CM 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.)
[Working assumption]

· For CRM 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}
Therefore, remaining issues for CSI-RS are summarized as:

· [FFS2] For CRM set:
Between CSI-RS resources, whether CSI-RS ports may (or shall not) be assumed as quasi co-located wrt {Received timing}.
· [FFS3] For CM set:
Within a CSI-RS resource, CSI-RS ports may (or shall not) be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}
This contribution provides our view on the remaining FFS points and possible signalling of quasi-co-location of different antenna ports.

2. DMRS for PDSCH
For further decision on the FFS1 issue, it should be primarily considered whether frequency selective DL-CoMP scheme (e.g., DPS) will be effectively useful or not.  In principle, it is beneficial to exploit the frequency selectivity for DL-CoMP transmissions, as DL-CoMP schemes and transmitting points (even per PRG level) may be all transparent to the UE.  Those choices should be flexible enough to be decided solely per operator’s perspective, and the specification is desired to be supportable for this flexibility in CoMP operations.
In our view, it is doubtful that the baseline UE behavior itself will be practically useful or not, since the co-location assumption for the scheduled DMRS ports between different PRGs might not be helpful for advanced UE receiver processing. It is because the DMRS density is relatively low (e.g., compared to CRS) and the scheduled RBs for the DMRS ports may be limited, to name a few. Therefore, we believe the quasi co-location assumption between the scheduled DMRS ports and other RS (e.g., DL serving-cell CRS) ports will be practically much more useful, thus the higher priority for further decision should be given to whether some quasi co-location information for scheduled DMRS ports to other RS ports can be provided UE-specifically or not.  For flexible operator’s choice, the following signaling support can be introduced in Rel-11.
Proposal 1: By UE-specific RRC signaling, an implicit information tied to each nSCID value in DMRS configuration can be provided, regarding quasi co-location assumption to the DMRS ports with other RS (e.g., DL serving-cell CRS) ports.

Since we have already introduced an implicit mapping to each nSCID value with a UE-specific DMRS scrambling ID of x(n), additionally tied information such as quasi co-location assumptions to each nSCID value seems natural if it’s necessary and not a big change, also without requiring a non-negligible cost (such as adding a few bits in DCI formats, etc.).
In addition, to support flexible CoMP operations per operator’s perspective, we may have a harmonized solution for the above FFS1 point as the following Proposal 2:

Proposal 2: If the scheduled DMRS ports are quasi co-located to the DL serving-cell CRS ports, the DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to the noted large-scale properties. Otherwise, the DMRS for PDSCH may not be assumed as quasi co-located between the DMRS ports as well as between different PRGs.
3. CSI-RS
Regarding the FFS2 issue, since for CM set we have already agreed that “Between CSI-RS resources, CSI-RS ports shall not be assumed as quasi co-located wrt {Received timing}”, it is natural to have the same assumption for CRM set as well, in consideration that the size of CRM set will be generally larger than CM set, thus the assumption should be given more strictly to the CRM set.

Proposal 3: For CRM set; Between CSI-RS resources, CSI-RS ports shall not be assumed as quasi co-located wrt {Received timing}.
Regarding the FFS3 issue, since a TP-shared CSI-RS resource can be configured for simply achieving a primitive CoMP JT scheme as well as supporting high rank transmissions with a restricted number of Tx antennas per each TP, etc., CSI-RS ports within a CSI-RS resource shall not be assumed as quasi co-located for CM set. At least, it should be RRC-configurable whether CSI-RS ports within a CSI-RS resource are quasi co-located or not, as a possible compromise between alternatives.
Proposal 4: For CM set; Within a CSI-RS resource, CSI-RS ports shall not be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.
Similar to the discussions in Section 2, we may introduce some signaling support for flexible CoMP operations per operator’s perspective, which is a UE-specific RRC signaling with the information that the CSI-RS ports in a CSI-RS resource are assumed to be quasi co-located to other RS (e.g., DL serving-cell CRS) ports.  If this kind of quasi co-location connection between the DL serving-cell CRS ports and the CSI-RS ports is given by RRC signaling in the CSI-RS configuration, this should further imply

· The UE should assume the quasi co-location between the CSI-RS ports and the DL serving-cell CRS ports, and apply this assumption to calculate the corresponding CQI with a transport block error probability not exceeding 0.1.  (By utilizing the large-scale properties derived from the CRS ports, the calculated CQI index would be higher than that without using the quasi co-location assumption)
· Provided that the CSI-RS ports are quasi co-located to the DL serving-cell CRS ports by UE-specific RRC signaling, only in that case, the CSI-RS ports within the CSI-RS resource in CM set may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}. Otherwise, the statement in Proposal 4 should hold as a default.
Proposal 5: When it is given by RRC signaling that the CSI-RS ports are quasi co-located to the DL serving-cell CRS ports, the UE should apply this assumption to calculate the corresponding CQI.
For possible signalling of quasi-co-location assumption between CSI-RS ports and CRS ports, one simply way will be that 

Proposal 6: If the configured scrambling ID value of X in the CSI-RS configuration is equal to a physical cell-ID in a cell, the CSI-RS ports may be implicitly informed to be quasi co-located to the cell’s CRS ports.

4. Conclusion
We discussed in this contribution the quasi co-location issues for CoMP. The following proposals were given based on the discussion:
Proposal 1: By UE-specific RRC signaling, an implicit information tied to each nSCID value in DMRS configuration can be provided, regarding quasi co-location assumption to the DMRS ports with other RS (e.g., DL serving-cell CRS) ports.

Proposal 2: If the scheduled DMRS ports are quasi co-located to the DL serving-cell CRS ports, the DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to the noted large-scale properties. Otherwise, the DMRS for PDSCH may not be assumed as quasi co-located between the DMRS ports as well as between different PRGs.

Proposal 3: For CRM set; Between CSI-RS resources, CSI-RS ports shall not be assumed as quasi co-located wrt {Received timing}.
Proposal 4: For CM set; Within a CSI-RS resource, CSI-RS ports shall not be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.
Proposal 5: When it is given by RRC signaling that the CSI-RS ports are quasi co-located to the DL serving-cell CRS ports, the UE should apply this assumption to calculate the corresponding CQI.
Proposal 6: If the configured scrambling ID value of X in the CSI-RS configuration is equal to a physical cell-ID in a cell, the CSI-RS ports may be implicitly informed to be quasi co-located to the cell’s CRS ports.
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