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1. Introduction
At RAN #43, a work item on the for single user dual layer beam-forming using UE specific RS, [1], was agreed for Rel-9.  The scope of the work is characterized by the following

· Support single user dual-layer beamforming using UE specific RS for both LTE-TDD and FDD
· The design of the UE specific demodulation reference signals and the mapping of physical data channel to resource elements should aim for forward compatibility with LTE-A demodulation RS 

· Principles exploiting channel reciprocity shall be considered in the feedback design where applicable. The need for additional feedback shall be assessed.
· All new enhanced features and capabilities shall be backward compatible with networks and UEs compliant with LTE Release 8, and also should aim to be as an extension of the beamforming in Release 8.

It was also agreed to discuss possible extensions to the scope of the work item, such as MU-MIMO at RAN #44 [1].

The present paper discusses the design of the feature within the agreed framework including aspects such as forward compatibility and MU-MIMO. It should be noted that there is an overlap between the support for up to eight layer spatial multiplexing  in the ongoing study item on LTE-Advanced and that a general guideline  in our view therefore is to align the solutions as much possible. 

2. Single user dual layer beamforming

2.1. Demodulation reference signal patterns

To support two-layer transmission with UE specific reference signals, two UE specific antenna ports needs to be defined.  In the spirit of the agreements reached on demodulation reference signals for LTE-A [2], demodulation reference signals transmitted on different layers are mutually orthogonal, and hence the reference signals are to be orthogonal.   

Furthermore, the density of the pattern should be designed for the application in mind, and hence throughput at relevant operating points needs to be considered as well as expected channel characteristics. Furthermore, collisions with   primary and secondary synchronization signals, physical broadcast channel, control signaling as well as cell specific reference signals should be avoided.  For TDD operation, the fact that DwPTS can have shorter duration than other downlink subframes can be considered as well.

Proposal
· Define two UE specific antenna ports with mutually orthogonal reference signal patterns.

· Design the RS patterns of the two antenna ports to avoid collisions with other signals such as synchronization signals and cell specific RS.

· Consider relevant operating points in terms of geometry and channel conditions and choose densities according to the expected throughput.  

There appears to be no fundamental reason to take the UE specific RS pattern defined for antenna port 5 in Rel-8 as some form of a starting point except to limit the scope of further investigations.  Using the Rel-8 pattern as a starting point appears to conflict with the aim of forward compatibility, which rather indicates that LTE-Advanced operating conditions should be considered.   
Ambition
· From a forward compatibility perspective it would be preferable to use the same antenna ports and RS patterns as for rank one and two transmissions in releases beyond Rel.-9.

2.2. Cell specific reference signals

Even though additional cell specific RS targeting CSI will be used for LTE Advanced features,   CSI feedback such as CQI/PMI/RI is expected to be based on the existing Rel-8 cell specific RS. This since channel reciprocity shall be exploited and the target is to accomplish an extension of beamforming (based on UE specific RS) in Rel-8 which only uses the cell specific RS for CQI reporting. 
Conclusion
· UE feedback such as CQI, PMI and RI are based on existing Rel-8 cell specific RS.

2.3. CSI feedback such as CQI/PMI/RI

Even though the physical radio channel may be reciprocal, the interference is not and for this reason receiver agnostic feedback such as CQI, PMI and RI needs to be considered.  Hence the feedback needs to reflect UE specific characteristics such as receiver structure and number of receiver antennas in addition to interference characteristics.

To ensure forward compatibility, leave room from implementation optimization and allow for future enhancements and deployment conditions such as antenna arrangements and future multi-cell multi-user optimization, the feedback from the UE to the eNodeB should not make assumptions on specific algorithms.

Furthermore, since for FDD, only long term channel properties are expected to be reciprocal, it was agreed during RAN #42, that PMI feedback will be introduced in Rel-9 for transmission mode 7 using UE specific RS.  In the case with two layer transmission, rank indicator (RI) feedback needs to be considered as well.

For TDD the reciprocity may not always be perfect due to possibly less transmit antennas than receive antennas and channel estimation errors from uplink transmissions such as SRS. For this reason PMI and RI feedback should be considered not only for FDD but also for TDD.  For example, channel estimates obtained from SRS transmissions in a cellular environment needs to be considered.

Proposal
· For FDD CQI, PMI and possibly RI feedback similar to Rel-8 transmission modes, such as closed loop spatial multiplexing, is supported.

· To determine whether TDD can be operated without PMI or RI feedback, uplink channel estimates obtained in a multi-cell environment shall be considered. 
A guiding principle is to re-use existing feedback mechanisms of Rel-8.

2.4. Codeword to layer mapping

For LTE-Advanced, the code-word to layer mapping is currently under discussion when it comes to spatial multiplexing in the downlink. With layer shifting each codeword is uniformly distributed over both the virtual antennas, in this case the two UE specific antenna ports. Layer shifting reduces the loss of spatial bundling while still enabling the use of advanced receivers such as SIC and can hence be used to reduce the control signaling in both uplink and downlink [3].   Spatial bundling is used for TDD in case of ACK/NACK multiplexing on PUCCH and PUSCH as well as when ACK/NACKs are transmitted together with a positive SR or CQI on PUCCH.

Proposal
· Layer shifting, distributing each codeword uniformly over both UE specific antennas ports shall be considered.

Other aspects, such as the impact on ACK/NAK based CQI adjustment algorithms can also be considered when it comes to this end.

2.5. Rank adaptation

Similar to the existing Rel-8 spatial multiplexing transmission modes, rank adaptation without the need to perform higher layer signaling should be supported.  In case of rank one transmission,   single antenna port transmission, similar to transmission mode 7 in Rel.-8 appears preferable. 

Proposal

· Dynamic rank adaptation without the need for higher layer signaling should be allowed.
· For rank one transmission, transmission along the lines of transmission mode 7 with a single antenna port is used.

Rank adaptation is performed by the eNodeB using feedback such as RI and CQI from the UE, and a topic that deserves attention mentioned above is the required feedback to aid the eNodeB. 

2.6. Uplink control signaling

The impact on the uplink control signaling can be kept small, and the main impact is expected mainly on the CQI /PMI/RI which can take the Rel-8 transmission mode reporting as starting point. Additionally in case of layer shifting, the number of ACK/NACK bits can be reduced from two to one in case of rank two transmissions.

Proposal

· Impact on uplink control signaling is made small and takes existing Rel-8 transmission modes as starting point. 
· In case layer shifting is adopted, the number of ACK/NAK bits can reduced to one independent of transmission rank.
2.7. Downlink control signaling

Aside from the fact that at least one additional transmission mode needs to be defined, it appears likely that an additional DCI format needs to be defined.  In light of the previous discussion, at least the transmission rank needs to be indicated but if forward compatibility with other LTE-Advanced features such as basic forms of CoMP and MU-MIMO;  there may be a need to consider additional information to the DCI carrying downlink assignments. There appears however to be limited need to let the DCI format depend on the number of cell specific RS.  Furthermore, HARQ related parameters may in case of layer shifting be bundled to reduce the overhead.

Proposal
· A new DCI format is defined and it contains at least the transmission rank.

· The design of the DCI format shall consider other LTE-Advanced features such as basic forms of CoMP/MU-MIMO and the number of DCI formats should be kept to a minimum.

It is expected that the information on transmission rank also indicates which UE specific antenna ports to be used for demodulation.

3. Forward compatibility with CoMP

To ensure forward compatibility with CoMP, CoMP transmission schemes that are transparent to the UE can be targeted. In such a case, the UE is configured to be in single user spatial multiplexing mode using UE specific RS, but the network is free to select the transmission points to use. Such a selection can be based on uplink measurements by several transmission points.  In essence, the dual-layer functionality may be viewed as an early but simple LTE-Advanced feature that supports basic forms of COMP not relying on advanced CSI feedback. Such a scheme where advanced UE feedback is turned is anyway expected to be supported for Rel-10 and designing the dual-layer functionality with that in mind helps to ensure forward compatibility. 

Currently, the discussion on CoMP including RS mappings and mappings of PDSCH to resource elements (REs) is ongoing. Depending on the outcome of the discussion, this could call for considerations of dynamic or semi-static signaling of parameters related to  antenna port and PDSCH to RE mappings.

Proposal

· The design should support UE-transparent CoMP.

· Enables support for basic form of COMP already in Rel-9 as a side product of standardization efforts if forward compatibility is properly maintained

· Signaling of parameters related to antenna port and PDSCH to RE mapping is to be considered.
4. MU-MIMO aspects

When it comes to MU-MIMO,   the main impact is foreseen on the design of the demodulation reference signals and to some extent on the downlink control signaling, for example in terms of DCI format.   When it comes to the demodulation reference signals, we note that already in Rel-8,   UE specific scrambling together with spatial processing in the base station can be used to create demodulation reference signals to multiple users.  A possible extension would be to improve the orthogonality between the demodulation reference signals by using different UE specific antenna ports with orthogonal patterns.

Proposal
· The benefit of using antenna ports with orthogonal patterns as compared to using mechanisms available in Rel-8 for the MU-MIMO application should be considered.

At the same time, the benefit of such operation as compared to higher order sectorization needs to be assessed. Given that there is a benefit of using orthogonal UE specific RS to support MU-MIMO, the main impact appears to be to allow the UE to receive a rank one transmission on only one out of the two newly defined antenna ports. In turn, the main impact of this from a specification point of view is on the downlink control signaling.   

Observation

· The impact of some form of MU-MIMO is on the downlink control signaling to indicate which UE specific antenna port is to be used for demodulation.
5. Concluding remarks

In the contribution, we discussed various design aspects for dual layer beamforming using UE specific RS were discussed. We propose to consider the above mentioned aspects during the work item. 

We also discussed forward compatibility for CoMP/MU-MIMO aspects and concluded that a major impact may be related to downlink control signaling to indicate antenna ports and PDSCH to resource element mappings.  

Furthermore, since dual layer beamforming using UE specific RS is also considered in the study item on LTE-A, we propose to align as much as possible designs such as antenna ports and RS.
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