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1. Introduction
At RAN1 #57, several aspects of dual layer beamforming were discussed based on the summary in [1], and the discussions continued during RAN1 #57bis.  Among the topics that require further attention, in addition to control signaling and reference signal design, we have UE feedback such as CQI/PMI/RI for TDD. Additionally, forward compatibility for MU-MIMO is discussed.

2. CQI for dual layer beamforming

It has been concluded that for FDD, PMI feedback is to be supported. A remaining open issue is whether or not to have PMI based CQI feedback for TDD. As discussed in [2] obtaining accurate full wideband channel knowledge appears challenging under practical operating conditions. Even if channel knowledge is obtained, it is challenging for the eNodeB to compensate a transmit diversity based CQI and assess the impact of interference for dual layer transmission with a dual polarized antenna array since the eNodeB does not know the details of the UE processing. 

Assuming that the beam forming functionality is to be used with two groups of correlated antennas, such as a dual polarized antenna array, it may be expected that the beam forming gain for each group is relatively stable and similar for both groups.  In such a case, a possibility is to use PMI and RI based CQI reporting mechanism of Rel-8. We note the following

· The offset, nomPDSCH-RS-EPRE-Offset, representing the (UE specific) beam forming gain can be signaled to the UE so that the UE can perform adequate rank adaptation and determine a RI accounting for beam forming gain.

· The UE can given the RI determine a preferred co-phasing of the two groups in terms of PMI. 

· The UE can determine the CQI accounting for inter-layer interference for the selected PMI and RI

· The eNodeB can more or less directly use the reported PMI and co-phase the beam forming weights of the two groups according to the PMI. An alternative is to select beam forming weights according to available channel knowledge and use the reported PMI to compensate the CQI.

This processing is hence a combination of using channel reciprocity to determine beam forming weights for the co-polarized correlated antennas as well as UE feedback.  The eNodeB can determine long term beamforming vectors for each group of correlated antennas separately or jointly without the need for excessive semi-statically configured sounding or relying on two UE transmission antennas.
We further note that the following

· PMI and RI based CQI reporting does in no way constrain the eNodeB on the selection of beamforming weights.  Beamforming weights can still be selected according to channel knowledge, and the eNodeB is not required to in any way follow the PMI which is only a recommendation.

· Codebook subset restriction can be used to enforce that only a subset of precoding vectors is considered, such as only rank 1 vectors or a single precoding vector.  This ensures that the eNodeB can control how the CQI is determined so that the CQI can be reliably compensated. 

PMI and RI based CQI reporting appears to offer all advantages that transmit diversity based CQI offers in addition to all the advantages of having PMI and RI.

Based on the discussion and the simulation results in [2] we propose the following

Proposal
· For TDD, CQI, PMI, as well as RI feedback is adopted.

Optimization for reciprocity is left for eNodeB implementation using existing mechanisms in Rel-8 such as signaling of offset and codebook subset restriction.   
3. Forward compatibility with MU-MIMO
Various aspects of orthogonal demodulation reference signals have been discussed in [6]  and based on it, we propose the following.

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.

Assuming that orthogonal reference patterns are 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 important to have a large population of terminals from which UEs may selected for to be co-scheduled. 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 as illustrated in Figure 1. 
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Figure 1 Illustration of forward compatible design for CDM based RS design.
Note that this is inline with the agreed work item [4] 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.
Rather than considering the benefit of orthogonal DMRS in the MU-MIMO context, recent evaluations submitted to 3GPP on MU-MIMO appears to be mainly focusing on the benefit of UE interference suppression, and indicate a rather modest gain under, according to our understanding, quite idealized assumptions. There are also several different ways to implement interference suppression and in our view, further investigations of this are needed.
When it comes to forward compatibility, we note that the most forward compatible design is to make in essence no assumptions on the details of the interference, such as the number of users, their MCS or their demodulation reference signals, and hence treat intracell and intercell interference in the same way.  This approach is in fact taken for MU-MIMO transmission mode 5 of Rel-8, there is no signaling of the existence of a co-scheduled UE. In fact, it is stated in Section 7.1.5 of [5] that “for the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH would be performed on one layer”. 
4. Conclusion

We propose 

· For TDD, CQI, PMI, as well as RI feedback is adopted.

· To consider forward compatibility in the design of the SU-MIMO mode such as reserving elements for Rel-10 DMRS.
References

[1] R1-092216, “Summary of email discussion for dual-layer BF,” CMCC
[2] R1-092733, “CQI for dual layer beamforming,” Ericsson

[3] R1-092187, “Further considerations on dual layer beamforming,” Ericsson
[4] RP-090359, “Enhanced DL transmission for LTE,” CMCC
[5] 3GPP TS 36.213 v8.7.0

[6] R1-092732, “Some considerations on dual layer beamforming,” Ericsson

_1311963616.doc

[image: image1]

Reserved �(no PDSCH)







Layers 1-2







P1-2







P1-2







P1-2







P1-2







P1-2







P1-2







P1-2







Layers 1-2







P1-2







P1-2







P1-2







P1-2







P1-2







P1-2







P1-2












