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1. Introduction
At RAN1 #57, several aspects of dual layer beamforming were discussed based on the summary in [1].   Topics that require further consideration include UE feedback such as CQI/PMI/RI, layer shifting and MU-MIMO forward compatibility aspects.  In the present contribution these topics are discussed.
2. CSI feedback such as CQI/PMI/RI

For FDD, it has been agreed to support PMI  based CQI feedback whereas  it remains for further studies whether or not TDD should also support PMI based CQI feedback.   As outlined in our contribution [2], it appears challenging to acquire full knowledge to enable adequate eNodeB compensation of CQI feedback from the UE for the case PMI is not part of the feedback; especially for the case that the UE has only a single transmit antenna. Furthermore, under more realistic SRS operation conditions in terms of sounding periodicity, there is a clear performance benefit of PMI feedback.  PMI feedback does not constrain the choice of possible eNodeB vectors. Based on the discussion and evaluations in [2]  we propose the following.
Proposal
· For TDD, CQI, PMI, as well as RI feedback similar to Rel-8 transmission modes, such as closed loop spatial multiplexing, is adopted.

3. Layer shifting
For LTE-Advanced, the code-word to layer mappings have been defined in the uplink and downlink for up to four and eight antennas respectively. 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, but the use of layer shifting in the DL is still an open issue.
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, 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. We also note that in the ACK/NACK bundling mode and ACK/NACK transmission on PUSCH, two bits of ACK/NACK feedback bits are always transmitted even for the case that only one codeword is used.
Furthermore, in light of LTE-Advanced and carrier aggregation we see a need, especially for TDD, to reduce the number of ACK/NACKs since the ACK/NACK feedback may otherwise be very large.

When it comes to performance evaluations we could see clear benefits on link level for  a codebook based set-up  as demonstrated in [3] with realistic link adaptation. In [4] , SVD based dual layer beamforming assuming error free complete channel knowledge in time and frequency was considered and it was argued that the benefits of layer shifting become smaller. At the same time, from the discussion in [2], our view is that ideal SVD based dual layer beamforming may not feasible under realistic conditions, and further that PMI based operation with interference between layers and imperfect link adaptation is the relevant scenario to consider.    
Proposal
· Layer shifting should not be precluded at this early stage with so many uncertainties in the design of the dual layer beam forming and extended DL MIMO functionality.
In short, we expect the benefits of layer shifting to increase when more realistic assumptions are used in the evaluations.
4. Forward compatibility with MU-MIMO
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.
As further discussed in [3],   linear interference rejection in the UE could be beneficial in MU-MIMO operation. Our understanding of the current evaluations is that the benefits of terminal interference rejection combining as compared to maximum ratio combining are demonstrated. It should be noted that the benefit is likely to depend on the scheduling strategy in the MU-MIMO. Furthermore, preliminary link level evaluations indicate that interference rejection is possible also for the case with non-orthogonal DMRS even though there is a benefit of orthogonal DMRS, at least at high SNR.  From this we conclude that, the gain of having orthogonal RS is expected to be a fraction of the gain of terminal IRC as compared to MRC.  Furthermore, assuming that there is a gain of orthogonal DMRS for MU-MIMO at high SINR, one may further consider using the SU dual layer functionality.  
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.

In light of the agreement to have 12 and 24 REs for RS for up to two and more than two layers respectively, we note that there is potential collision problem. Since in Rel-9 up to 12 REs are used for  DMRS and the rest are used for data, there will, in the same eNodeB be a conflict in the sense that the same RE is to be used for data for a Rel-9 UE and for RS for a Rel-10 UE in case of more than two layers.   Rel-10 can be designed so that the rel-10 UE will not expect  data on REs which are used for DMRS for release 9  so this is not a problem. However, if no actions are taken, the Rel-9 UEs will either suffer from puncturing of data or interfere the Rel-10 UEs DMRS resulting in that the benefits of orthogonal DMRS are diminished.  This leads to the following proposal
Proposal
· If there is a benefit of using orthogonal patterns for MU-MIMO, the design needs to be forward compatible in the sense that Rel-9 and Rel-10 UEs can be co-scheduled. 

· The forward compatibility consists of being able to configure the PDSCH mapping to REs with and without  reserved REs (“holes”).  These reserved REs are then used for rel-10 DMRS.
Note that this is inline with the agreed work item [5] where it is stated that “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 “. 

Observation

· To enable a forward compatible design, REs used for DMRS for up to eight layers for rel-10 needs to be agreed within the Rel-9 time frame.
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