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1. Introduction

It is well understood that support for uplink coordinated transmission/reception has no direct impact on the radio interface specification
. In this paper we discuss different aspects of downlink coordinated transmission and identify the corresponding potential impact on the radio-interface specification. In general, we conclude that downlink coordinated transmission can be supported with relatively little, if any, specification impact. 
2. Downlink coordinated transmission – Impact on specification

Fundamentally, there are two aspects of downlink coordinated transmission that could have an impact on the radio-interface specification

· The actual downlink transmission coordinated between different transmission points such as different cell sites

· UE measurements and corresponding reporting on the uplink to support the downlink coordinated transmission

2.1. The downlink transmission

It has been identified [1] that downlink coordinated transmissions could, fundamentally, imply two different things

· Dynamic coordination in the downlink scheduling between different eNBs
· Joint transmission to a UE from multiple geographically separated transmission points. 
In the case of dynamic scheduling coordination, the actual downlink transmission can be carried out exactly as for LTE release 8 implying no specific impact to the radio-interface specification.

In the case of joint transmission, two alternatives are possible, depending on if the joint transmission, from a UE point-of-view, can be seen as originating from a set of cell-specific antenna ports or from a UE-specific antenna port
.
With the first approach, the joint transmission is carried out from a set of cell-specific antenna ports which may, in the general case, be associated with different cells. This can be seen as a generalization of release 8 code-book-based multi-antenna transmission to antenna ports of more than one cell. In this case, UE channel estimation would rely on the cell-specific reference signal associated with each of the antenna ports involved in the joint transmission. For proper demodulation/detection of the joint transmission, the UE would need to know how the transmission is carried out, i.e. the exact set of antenna ports that are involved in the joint transmission and what transmission weight is applied at each antenna port.  This is the same as for the release 8 code-book-based multi-antenna transmission, where the UE needs to know the pre-coder matrix being used. 
This approach is illustrated in Figure 1 for the case of coordinated transmission from two cell-specific antenna ports and with transmission weights w1 and w2 respectively.
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Figure 1 Joint transmission based on cell-specific antenna ports
Alternatively, joint transmission can be implemented as transmission from antenna port 5, relying on a UE-specific reference signal for channel estimation. Note that this has nothing to do with the actual set of physical antennas being used for the downlink transmission. The transmission could very well be carried out from exactly the same set of physical antennas as for joint transmission based on cell-specific antenna ports (Figure 1). The difference is that, with this second approach, there would be a UE specific reference signal associated with the transmission, implying that the UE would not need to know what set of physical antennas are involved in the transmission nor exactly what antenna weight is applied at each such antenna.

This second approach is illustrated in Figure 2.
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Figure 2 Joint transmission implemented as antenna-port-5 transmission
It has been argued that transmission based on antenna port 5 would not allow for joint transmission from different cells as UE-specific reference signals are also cell-specific in the sense that the exact structure of a UE-specific reference signal is cell-specific. This may be conceptually correct but does in no way limit from what set of physical antennas the transmission is carried out. The detailed structure of the UE-specific reference signal would simply be aligned with one specific cell (the “serving cell”) even if the actual transmission is partly carried out from antennas associated with other cells. This also implies that, from a downlink transmission point-of-view, there is no need to define any kind of “active set” indicating from what set of cells the coordinated transmission is carried out. From a UE point-of-view, the transmission is simply carried out from antenna port 5 of the serving cell although in practice it is carried out from antennas that may very well correspond to multiple cells.

One thing that may be needed to fully benefit from coordinated transmission based on antenna-port-5 transmission is to extend current antenna-port 5 transmission to also support spatial multiplexing. It should be noted that such an extension, i.e. support for downlink multi-stream beamforming relying on UE-specific reference signals, has anyway been proposed in e.g. [2].

We believe that this second approach, i.e. the use of antenna port 5 and UE-specific reference signals, to implement downlink coordinated transmission is, by far, the most simple and elegant approach to downlink coordinated transmission, allowing for a more flexible coordination with less downlink signaling overhead and very limited, if any, impact on the radio-interface specification. 

Proposal: 

Downlink joint transmission is implemented as transmission from antenna port 5. The only potential impact on the radio-interface specification is an  introduction of support for multi-layer transmission using antenna port 5.
2.2. UE measurements and reporting

Regardless of how the actual downlink coordinated transmission is carried out, the network will need some information related to the downlink channel conditions, as seen by the UEs, for the set of physical antennas that are involved in the coordinated transmission. It should be noted that this kind of information is needed, at least to some extent, also in the case of dynamic scheduling coordination. 

Fundamentally, there are two approaches for the network to acquire such information.

Information about the downlink channel conditions can be acquired based on uplink measurements at the network side. Such information would be limited to channel properties that are downlink/uplink reciprocal. In case of FDD this would imply that the information is limited to path loss and long-term fading (most likely sufficient in case of dynamic scheduling coordination). In case of TDD, additional information related to short-term fading could potentially also be acquired. This approach would in principle require no additional major functionality to be introduced, compared to what is already available.
Alternatively information about the downlink channel conditions are acquired (measured) by the UE and reported to the network. Fundamentally, UEs can measure on different types of downlink reference signals or, equivalently, antenna ports. There are then two alternatives

· Alternative 1: 
Measurements/reporting are limited to reference signals of a single cell. For this approach to make sense in a CoMP scenario, where there is an assumption about coordination between multiple geographically separated transmissions points, there would be a need to introduce additional cell-specific reference signals (beyond the current maximum of four), i.e. additional antenna ports, within a cell. For backwards compatibility, one would then need to define up to four of these antenna ports as primary antenna ports and limit e.g. BCH and other system-information transmission to these antenna ports. Furthermore, the remaining secondary antenna ports and their corresponding reference signals would need to be invisible to release 8 UEs. Thus this approach would imply substantial additions to the radio-interface structure to allow for the secondary reference signals
.  

· Alternative 2: 
Measurements/reporting are, in the general case, not limited to antenna ports of the same cell. In this case, support for downlink coordinate transmission does not imply a  need to introduce additional antenna ports within a cell, i.e. one can, at least from CoMP point-of-view, retain current maximum of four antenna ports in a cell. Due to the much less impact on the radio-interface specification we believe this approach to be preferred. 

Proposal

To support downlink coordinated transmission, it is assumed that the UE can measure and report the dynamic channel conditions of different cells. The support of downlink coordinated transmission should not imply a need to introduce additional cell-specific reference signals within a cell.
3. Conclusions

The possible impact of support for downlink coordinated transmission on the radio interface specification has been discussed. The conclusion is that support for downlink coordinated transmission can be introduced with very limited impact on the specification. 

The preferred approach for the actual downlink transmission is the use of antenna port 5, the support for which is already part of LTE release 8. Extension of antenna-port-5 transmission to spatial multiplexing should be considered.

To support downlink coordinated transmission, it is assumed that the UE can measure and report the dynamic channel conditions of different cells. The support of downlink coordinated transmission should not imply a need to introduce additional cell-specific reference signals within a cell.

4. References

[1]
36.814 v0.0.1, “Further Advancements for E-UTRA Physical Layer Aspects”

[2]
R1-082569, “Considerations on Technologies for LTE-Advanced”, CATT
� Although not required, uplink CoMP may benefit from the availability of an extended set of orthogonal uplink demodulation reference signals.


� Any downlink transmission is always carried out from one or multiple antenna ports. It is just a question about what type of antenna ports the transmission is carried out from.


� Note that these would not be UE-specific reference signals but a new type of cell-specific reference signals.
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