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1. Introduction
At RAN1 #56bis, several overview contributions were presented in the area of dual layer beamforming. Topics identified include design of UE specific demodulation reference signals, rank adaptation, UE feedback such CQI/PMI/RI, layer shifting and MU-MIMO.  The present paper discusses some of these aspects, except for the need for UE calibration, which is treated in [1].
2. Use of CSI-RS
Sparse cell specific reference signals for CSI feedback including CQI, PMI and RI will be used for LTE Advanced features in releases beyond 9. For the case that such CSI-RS can be transmitted in release 8/9 subframes, the two main alternatives include transmitting them in the control part, by hiding them in the PDCCH region, or in the data part, by simply puncturing the PDSCH.  

As compared to using the cell specific RS of release 8 for CQI/PMI/RI reporting, performance is likely improved in many scenarios by using CSI-RS tailored for this purpose, while also relaxing the requirements on hardware calibration as well as sounding reference signal transmission. However, considering the effort needed and the time available to complete the work item, defining fully functional CSI-RS already in release 9 may be very challenging, but reserving place for them, for example in the PDSCH region may still be feasible. This means that higher layer signaling to configure CSI-RS is defined, and the PDSCH to RE mapping is defined accordingly to avoid puncturing, but the UE should not do any additional assumptions on the design of these CSI RS and consequently not use them.
Proposal
· UE feedback such as CQI, PMI and RI are based on existing Rel-8 cell specific RS.

· Consider to design the PDSCH mapping to resource elements so that CSI-RS will not puncture data.
3. CSI feedback such as CQI/PMI/RI

Even though the physical radio channel may be reciprocal, the interference is not. Therefore the receiver dependent feedback such as CQI, PMI and RI needs to be considered.  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, the feedback from the UE to the eNodeB should not make assumptions on specific algorithms, as to leave room from implementation optimization and allow for future enhancements and deployment conditions such as antenna arrangements and future multi-cell multi-user optimization.
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.  SRS transmissions are semi-statically configured and contain a component of code division multiplexing and this means that capacity limitations need to be considered.  For example, channel estimates obtained from SRS transmissions in a cellular environment needs to be considered.

Furthermore, assuming that the eNodeB can acquire channel state information, it will need to predict the supported rate and rank using the channel state information, the determined transmission weights as well as the UE reports.  In the case of PMI feedback, the CQI is conditioned on the reported PMI, and the eNodeB prediction need then to take this into account.  In general, more knowledge at the eNodeB is expected to improve performance, given that it is used in a correct way. 
It appears unclear whether the transmit diversity based CQI reporting, without PMI in Release-8, offers any performance benefits as compared to PMI based CQI reporting when SRS transmission is considered, PMI assisted CQI  shall be considered as well. 
Proposal
· For FDD, CQI, PMI, and possibly RI feedback similar to Rel-8 transmission modes, such as closed loop spatial multiplexing, is supported.

· For TDD, uplink channel estimation errors and CQI , PMI, and possibly RI feedback similar to Rel-8 transmission modes, such as closed loop spatial multiplexing shall be considered.
A guiding principle is to re-use existing feedback mechanisms of Rel-8.

4. Layer shifting
For LTE-Advanced, the code-word to layer mappings have been defined in the uplink and  downlink for up to four antennas, whereas there are still discussions ongoing for the case with more than four transmit antennas in the downlink. In addition, it has been agreed to support layer shifting together with spatial ACK/NACK bundling for uplink. As a side note, in Rel.-8, layer shifting in the form of large delay CDD is supported for open-loop spatial multiplexing.
Layer shifting will distribute each codeword uniformly over both virtual antennas in the case with two UE specific antennas ports envisioned for the dual layer beam forming functionality.   One key advantage of layer shifting is that it mitigates the loss of spatial bundling of ACK/NACK bits while still enabling the use of advanced receivers such as SIC.  Especially for TDD this is important since spatial bundling is used to reduce the number of ACK/NACKs. In fact, in the TDD ACK/NACK multiplexing feedback mode is based on spatial bundling, whereas the ACK/NACK bundling mode resorts to spatial bundling when ACK/NACKs are transmitted together with SR and CQI on PUCCH.
Another aspect to consider is the impact on link and rank adaptation, where layer shifting adds robustness towards imperfections such as estimation errors and simplifies implementation of simple, yet effective ACK/NACK based adjustment algorithms.
Proposal
· Layer shifting, such as large delay CDD used in Rel-8 open-loop spatial multiplexing, distributing each codeword uniformly over both UE specific antenna ports shall be considered.

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 supported.
6. MU-MIMO aspects

When it comes to MU-MIMO, possible impacts are in the area of control signaling as well as of demodulation reference signals [3].  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.
It is argued in [4] that orthogonal RS could enable MMSE SIC at the UE receivers since the channel of the co-scheduled interferer could then be estimated.  At the same time, for SIC, we note that this would require that the UE also read the control channels of co-scheduled users to learn coding and modulation schemes and it could also lead to scheduling constraints.  This would not be needed for a linear MMSE receiver which on the other hand is expected to offer less benefit. The benefit of such UE interference rejection is further likely to depend on the operating conditions in terms of noise as well as interference levels. The level of interference which can be suppressed in this way from co-scheduled UEs does not only depend on the receiver type, but also on how well the co-scheduled UEs can be separated by means of precoding. If multiple users are co-scheduled, a reasonable assumption may be that they are well separated by means of the precoding in the eNodeB and that the benefit of linear interference rejection in the UE may then be limited.  
Proposal
· The benefit of using antenna ports with orthogonal patterns for MU-MIMO should be considered.

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

We further note that in case that orthogonal reference patterns are indeed preferable for MU-MIMO, then this has large impact on the demodulation reference signal design, since in order to benefit from MU-MIMO it is of value to have a large population of terminals from which UEs may be paired. In turn it is then important to ensure that Rel-9 and beyond Rel-9 UEs can be co-scheduled, which in turn calls for designing at least the RS patterns in a forward compatible manner.
Proposal
· If there is a benefit of using orthogonal patterns for MU-MIMO, the demodulation reference signal design needs to be forward compatible in the sense that Rel-9 and Rel-10 can be co-scheduled. 
As a side note, we think it is desirable to minimize the number of transmission mode in order to avoid mode switching.
7. Concluding remarks

In the contribution, we discussed various design aspects for dual layer beamforming using UE specific RS. We suggest considering the proposals made above.
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