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1. Introduction
Average spectral efficiency and cell-edge user throughput are the main challenges for LTE-A to fulfill the ITU-R requirements for IMT-Advanced systems. To address these challenges, feedback for MU-MIMO is agreed to be enhanced in Rel-10. 

In [1], a two-stage framework was agreed for the enhanced feedback for MU-MIMO in Rel-10. This was further developed in [2], which was agreed at RAN1#61. 

This contribution discusses the main open issues in the feedback design for MU-MIMO and SU-MIMO. The major different approaches discussed in RAN 1 are analyzed. Common points and differences are emphasized and discussed, with the aim of achieving better understanding of the proposed approaches so that further progress can be made. 

2. About the dynamic reporting of two-feedback components
In RAN1 #61 the following way forward was agreed [2]: 
-For PUCCH, the feedback corresponding to 
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can be sent in different or the same subframe (unless it turns out that the payload is too large to ever send 
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 in the same subframe on PUCCH).

-Periodic and aperiodic reports are independent

-For PUSCH: FFS

-FFS whether feedback corresponding to 
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 and/or 
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 may be switched off
This way forward is built on the observation that, as 
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 targets wideband and/or long-term channel properties and 
[image: image8.wmf]2

W

 targets frequency-selective and/or short-term channel properties, it is natural to report them separately (e.g. with a different periodicity). 

The long-term feedback could be updated only when a change in the long-term characteristics of the channel is estimated at the UE side (for example after the UE moves from inside to outside a building).  

[image: image9]
Figure 1. Example of dynamic reporting.
 Therefore, we propose:
Proposal 1: Wideband/long-term feedback (corresponding to W1) should be updated only when the UE detects a variation of the wideband/long-term characteristics of the channel.
3. About the exploitation of spatial-correlation in the framework of the two-feedback components
In this section we discuss different proposals for the two stage feedback framework. We refer to a system with M transmit antennas, N receive antennas, K users scheduled over the same RBs, each with a 
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 rank transmission. 
The description here is given in terms of different times, t1 and t2, to which the feedback of W1 and W2 correspond. However, the description could equally well have been written in terms of wideband and narrowband frequency measurements, fw and fn. 

We first recall the ultimate goal of the feedback: from the point of view of the eNB, the feedback provided by the different UEs has to enable the eNB to form a suitable precoder for all the co-scheduled UEs, together with an appropriate MCS selection for each UE based on the reported CQI that corresponds to the implicit precoder feedback. 

We denote the 
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 kth user long-term/wideband precoder at the eNB updated at the 
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th instant as 
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. In the same way, we denote the 
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 kth user short-term/frequency selective precoder updated at the 
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th instant as 
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The kth user’s precoding weights are assumed to be generated as follows at the eNB’s side
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where the exact function 
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 is left for specific vendor implementation and allows freedom for the eNB to use a different precoder from those recommended by the UEs.
It is clear that the quantity above cannot be used at the UE side for CQI calculation..
Therefore the following assumption can be made for CQI calculation:
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where the exact function 
[image: image20.wmf](

)

f

×

 is left for further studies.
In the following we review the two main approaches proposed in RAN 1to link the two-stage feedback to the spatial characteristics of the channel.

Approach 1(tall long-term/wideband component)
We firstly consider the case of cross-polarized antennas at the eNB (M=4,8), and 2 antennas at the UE (N=2). Then, building on this case, we will extend the analysis to the case of vertical polarized antennas at the eNB.

We model the channel as follows 
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In the first approach, 
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 targets for aligning the signals sent by antennas having the same polarization towards the direction of the kth user, while 
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 targets the equivalent low-rank channel across different polarizations (see for example [3-5]).

In some instances, 
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 can be designed such that the virtual channel obtained as follows 
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behaves like an equivalent single-user channel over the two polarizations.

In [3] a codebook implemented from DFT based precoder vectors is proposed for 
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, which assumes that the channel over antennas belonging to the same polarization can be modelled as correlated and directional. For 
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a codebook is chosen such that 

-under the assumption of rank 1 transmission the two cross-polarized components are co-phased
-under the assumption of rank 2 transmission 
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is composed of two orthogonal columns.
The analysis described above can be easily extended to the case of co-polarized antennas. In this case 
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 would be a 
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matrix and the equivalent channel could be written as
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We believe that also the codebooks used for representing 
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can be extended from the case above. 
Approach 2 (square long-term/wideband component)
In the second approach, the main idea is to match the codebook to a particular propagation scenario [4,6,7]. 
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targets a linear transformation of the quantization space in such a way that the precoding vector density is increased and thereby the quantization error is reduced in preferred directions. 
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 targets selecting a vector within the transformed space.

The main difference from Approach 1 is that 
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is not designed to create an equivalent low-rank channel. The full-rank 2xM  equivalent channel is obtained as follows, 
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The analysis described above can be easily extended to the case of co-polarized antennas. In this case 
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matrix, and the equivalent channel can be written as
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We believe that also the codebooks used for representing 
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can be extended from the case above. 
As emphasized above, Approach 1 and Approach 2 target different objectives. Approach 1 seems to be tailored for a channel with low angle-of-spread at the transmitter side. Its performance must be evaluated under more generic propagation assumptions, before taking any further decision. Approach 2, seems to be able to give good performance under different propagation assumptions, at the cost of an increased feedback overhead. 
Therefore, we propose:

Proposal 2: Approach 1 and Approach 2 should be compared by simulation before taking any further decision, under different propagation scenarios. Moreover, the codebooks for 
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should be tailored to either approach 1 or approach 2.
Our initial evaluation results to compare the two approaches can be found in [13].
4. About the exploitation of time/frequency-correlation in the framework of the two-feedback components
Different proposals in RAN 1 target refinement of the feedback channel by combining different time/frequency feedback reports [8-12]. 
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or/and 
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 can be refined in time or frequency exploiting different feedback reports. 
In [9] it has been discussed how it is critical to try to exploit both time and space correlation. Evaluation based on simulation results showed that spatial-correlation (under the assumption of square 
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) provides up to 25% gain over LTE Rel-8 feedback in the most favorable scenario like correlated antenna with feedback period of 60ms. On the other hand hierarchical feedback has been shown to provide 37% gain in the most favorable scenario of stationary users with uncorrelated antennas. These gains seem to be quite high. The next step should be the evaluation of the robustness of feedback refinement in time/frequency with respect to errors in the feedback channel. 
Therefore, we propose:

Proposal 3: Spatial and time/frequency correlation should exploited at the same time. 
5. Conclusions

This contribution discusses possible approaches to help RAN1 to decide the remaining details of the feedback scheme to enable real gains from the utilization of MU-MIMO techniques.
We propose:

Proposal 1: Wideband/long-term feedback should be updated only when the UE detects a variation of the wideband/long-term characteristics of the channel.

We identify two main categories of approach to W1 and W2 in the proposals from different companies. In Approach 1, W1 is a tall matrix, whereas in Approach 2 W1 is a square matrix. 

Proposal 2: Approach 1 and Approach 2 should be compared by simulations before taking any further decision, under different propagation scenarios. Moreover, the codebooks for 
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should be tailored to either approach 1 or approach 2.
Proposal 3: Spatial and time/frequency correlation should exploited at the same time.

Our initial evaluation results to compare the two approaches can be found in [13].
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the UE measures a variation of the long-term characteristics of the channels.
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