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1 Introduction

At RAN1#67, an LS [1] was sent to RAN4 indicating that there should be flexibility with respect to mapping different antenna ports of a cell to different geographically separated antennas (points). RAN4 replied at RAN1#68bis with LS [2] asking for clarifications on the following points: 
· Question 1: To clarify whether any RS ports may be assumed as co-located or not, in particular whether CRS ports, DM-RSs or CSI-RSs can be considered as co-located or not.

· Question 2: To provide information on the most relevant scenarios in terms of antenna ports deployment and power imbalance which need to be considered in RAN4.

At RAN1#68bis, RAN1 approved a definition of antenna port co-location [3] and sent a LS [4] to RAN4. The definition was later updated for clarification and sent to RAN4 [5]:
Definition: “If two antenna ports are “quasi co-located”, the UE may assume that large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed”.
The “large-scale properties” mentioned in the above definition consist of some or all of {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay}.
RAN1#69bis and RAN1#70 agreements on quasi co-location assumptions for ports of the same type are:

· CRS may be assumed as quasi collocated by the UE wrt within a cell
· DMRS for PDSCH may be assumed as quasi co-located within a subframe
· Between CSI-RS resources: CSI-RS ports shall not be assumed as quasi co-located wrt {delay spread, average gain, Doppler shift, Doppler spread, average delay} 

· Within a CSI-RS resource: CSI-RS ports may be assumed as quasi co-located wrt {delay spread, average gain, Doppler shift, Doppler spread, average delay}.
· PSS/SSS and CRS ports for a cell may be assumed as quasi co-located wrt {Doppler shift, Average delay}.
It is also agreed in RAN1 that a Rel-11 UE supports at most two UE behaviors for the quasi co-location assumptions between RS of different types:

· Behavior A:  CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, average delay, delay spread}.
· Behavior B:  CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signaling may be assumed as quasi co-located wrt {delay spread, Doppler spread, Doppler shift, average delay}.
This contribution discusses aspects related to potential signaling of quasi co-location assumption between CRS and CSI-RS, quasi co-location of DMRS of EPDCCH, and switching between behaviors A and B.
2 Quasi co-location between CRS and CSI-RS
There was discussion whether the network should be able to provide signaling for a quasi co-location assumption between the CRS of a given cell and a given CSI-RS resource. Several motivations were given for specifying this type of signaling:

· Improvement to channel estimation of DMRS (via quasi co-location between CSI-RS and DMRS)

· Improvement to channel measurements on CSI-RS

It was recognized that while this signaling could be used in scenarios 1-3, it would not be available in scenario 4. However, UEs that can exploit this quasi co-location assumption could benefit in scenarios 1-3. 

Improvements to the channel estimation of DMRS can be guaranteed by the agreement to provide signaling of the quasi co-location assumption between one CSI-RS and the DMRS of the scheduled PDSCH. Thus channel estimation of DMRS can rely on the power-delay-profile or delay spread estimated over each CSI-RS resource. Likewise, DMRS timing can be adjusted based on the timing tracked over each CSI-RS resource. Such possibility was demonstrated in past meetings [6]. It is not necessary to provide redundant signaling for these purposes. Frequency synchronization is a separate issue since it cannot be tracked by CSI-RS, so potential improvements to channel measurements over DMRS would be limited to frequency error. 

Contrary to DMRS, CSI-RS are semi-statically configured. Therefore, it is possible for a UE to estimate the power-delay-profile or delay spread for each CSI-RS resource independently of any CRS, and to track the received timing for each CSI-RS resource independently of any CRS. Therefore, providing an alternative way to estimate these parameters would be redundant compared to what the UE can implement. Frequency synchronization, on the other hand, cannot be tracked by CSI-RS [6], so potential improvements to channel measurements over CSI-RS would be limited to frequency error. 
For CoMP cases specified in Rel-11, a fiber backhaul between transmission points is assumed. In scenario 4, there is a single PSS/SSS/CRS available for frequency synchronization. It is therefore expected that sufficiently accurate frequency synchronization must be achieved by implementation across the RRHs sharing the same physical cell identity, and that the range of Doppler shift is limited for CoMP UEs due to no or very low mobility. A similar implementation can be used for other scenarios with RRHs connected with a fiber backhaul. Frequency synchronization requirements in RAN4 should assume that the UE only tracks the frequency synchronization of its serving cell in all scenarios assuming a fiber backhaul, for UEs under CoMP operation conditions, i.e. with a maximum SINR cap.
In scenarios 1, 2, and 3 where CRS are available for each transmission point, the UE frequency synchronization could be improved. A UE would need to receive signaling to link CRS of different cells to different CSI-RS resources for quasi co-location relative to Doppler shift. However, as long as frequency synchronization is provided by the serving cell’s CRS, this additional accuracy does not seem necessary.
Proposal 1: No frequency error among RRHs can be assumed in scenarios 1/2/3/4 in Rel-11.
3 Quasi co-location for EPDCCH DMRS

For EPDCCH, the following issues related to quasi co-location should be considered:

· The same EPDCCH DMRS port of one DCI across PRBs within one subframe
· Between different EPDCCH DMRS ports of one DCI
· Between EPDCCH DMRS ports of one DCI and CSI-RS or CRS
For PDSCH the DMRS ports are assumed quasi co-located within one subframe due to the complexity of supporting frequency-selective transmission point selection. Likewise for EPDCCH, one DMRS port may be assumed quasi co-located across PRBs within one subframe.
Proposal 2: One EPDCCH DMRS port associated with one DCI may be assumed as quasi co-located within one subframe.
For a UE configured in a transmission mode 1 to 9, there will be no feedback for CoMP. Therefore, transmission of the EPDCCH for that UE would not be able to operate with CoMP. In this case, the UE may just assume that the DMRS of the EPDCCH are quasi co-located with the CRS of the UE’s serving cell.

Proposal 3: A UE configured in TM 1~9 may assume that the EPDCCH DMRS are quasi co-located with the CRS of its serving cell.
EPDCCH supports two types of transmission schemes: localized transmission and distributed transmission. For distributed transmission, spatial diversity is used and a given DCI is associated with two DMRS ports. The two DMRS ports can be transmitted from one single TP or transmitted from multiple TPs in an SFN manner. The two DMRS ports for a DCI associated with a distributed EPDCCH transmission may be assumed as quasi co-located by the UE.

Proposal 4: The two DMRS ports associated with the same DCI for a distributed EPDCCH transmission may be assumed as quasi co-located. 
For a UE configured in transmission mode 10, it is possible to support CoMP transmission for the EPDCCH. However, contrary to the PDSCH, it is difficult or it would incur a large standard effort to support dynamic point selection. Instead, semi-static point selection can easily be supported for EPDCCH. In order to do so, the UE would need to receive RRC signaling that links the received EPDCCH to one CSI-RS resource. Linkage with the CRS of the serving cell should still be provided as a candidate in order to support SFN transmission of the EPDCCH. 

Proposal 5: CoMP transmission of EPDCCH is supported for a UE configured in TM10:
· The eNB signals the quasi co-location assumption between the EPDCCH DMRS and the serving cell’s CRS or one CSI-RS resource. Signaling is UE-specific by higher layers.
For localized transmission, the EPDCCH will use a single antenna port. Given that the same antenna port could be used for localized or distributed transmission in one PRB, the UE may need to assume a different quasi co-location for the same DMRS port in case of localized or distributed transmission. 

Proposal 6: For a UE configured in TM10, the quasi co-location assumption between EPDCCH DMRS and CRS or CSI-RS is independently signaled for distributed and localized EPDCCH.
Note that the proposed quasi co-location assumptions for EPDCCH DMRS are with respect to {delay spread, Doppler spread, Doppler shift, average delay} but exclude average gain, and apply to the UE-specific search space only in Rel-11.
4 Conditions of the application of behavior A and behavior B at the UE
Behavior A is typical for a UE operating as in Rel-10. This behavior should be the only behavior supported in transmission modes 1-9 in Rel-11. Since behavior B is only relative to CoMP operation, it is only supported in transmission mode 10. If behavior A is not supported in TM10, the configuration of the transmission mode provides the UE with the proper assumptions for antenna ports quasi co-location. There does not seem to be a need to support behavior A in TM10.
With behavior B, the quasi co-location assumption between the DMRS of a PDSCH scheduled by DCI format 2D and one CSI-RS resource would be signaled by a combination of RRC and DCI [7]. A quasi co-location assumption to provide the reference for the DMRS in case the PDSCH is scheduled by DCI format 1A in TM10 is also needed, at least for an assignment in MBFSN subframe. The same assumption should naturally apply if it is agreed that the transmission scheme is also based on DMRS port 7 in normal subframes, as proposed in [8].

Since scrambling of the DMRS for a PDSCH scheduled by DCI format 1A in TM10 is fixed and based on the physical cell ID of the UE’s serving cell and DCI format 1A is mostly used for fallback, it is not expected to support CoMP transmission with DCI format 1A. Therefore, a fixed or semi-static quasi co-location assumption can be defined for any PDSCH scheduled by DCI format 1A. One possibility could be to signal by higher layers the index of the CSI process for which the corresponding CSI-RS resource may be assumed as quasi co-located with the DMRS of a PDSCH scheduled by DCI format 1A.

Proposal 7:
· Behavior A is only supported in transmission modes 1 to 9.

· Behavior B is only supported in transmission mode 10.

· If a UE in TM10 receives a PDSCH scheduled by DCI format 1A and the transmission scheme is based on DMRS port 7, the UE may assume that DMRS port 7 is quasi co-located with the CSI-RS resource associated with a CSI process index signaled by higher layers.
5 Conclusions

This contribution provides an analysis of the remaining issues for antenna ports quasi co-location. It was first observed that signaling a quasi co-location assumption between CRS and CSI-RS would potentially only be useful for frequency error estimation. However, sufficiently accurate frequency synchronization can be ensured by eNB implementation in Rel-11 with fiber backhaul between transmission points when the UE synchronizes to its serving cell and tracks frequency errors on its serving cell’s CRS. Therefore, it is proposed not to signal a quasi co-location assumption between CRS and CSI-RS.
Proposal 1: No frequency error among RRHs can be assumed in scenarios 1/2/3/4 in Rel-11.

Quasi co-location assumptions for EPDDCH DMRS are proposed as follows:
Proposal 2: One EPDCCH DMRS port associated with one DCI may be assumed as quasi co-located within one subframe.
Proposal 3: A UE configured in TM 1~9 may assume that the EPDCCH DMRS are quasi co-located with the CRS of its serving cell.
Proposal 4: The two DMRS ports associated with the same DCI for a distributed EPDCCH transmission may be assumed as quasi co-located. 
Proposal 5: CoMP transmission of EPDCCH is supported for a UE configured in TM10:
· The eNB signals the quasi co-location assumption between the EPDCCH DMRS and the serving cell’s CRS or one CSI-RS resource. Signaling is UE-specific by higher layers.
Proposal 6: For a UE configured in TM10, the quasi co-location assumption between EPDCCH DMRS and CRS or CSI-RS is independently signaled for distributed and localized EPDCCH.

Finally, the method for supporting behaviors A and B was proposed:
Proposal 7:
· Behavior A is only supported in transmission modes 1 to 9.

· Behavior B is only supported in transmission mode 10.
· If a UE in TM10 receives a PDSCH scheduled by DCI format 1A and the transmission scheme is based on DMRS port 7, the UE may assume that DMRS port 7 is quasi co-located with the CSI-RS resource associated with a CSI process index signaled by higher layers.
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