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1 Introduction

In the WID (RP-110457) of the downlink MIMO enhancement SI for Rel-11, CSI feedback enhancement for MU-MIMO and the potential impact to testing are included as one of the high priority items. The related text is duplicated below for convenience:
· With first priority:

· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

In this contribution, we analyze the options of the CSI feedback accuracy enhancements and various ways to utilize the CSI feedback for MU-MIMO in the eNB and the related testing considerations.

2 CSI feedback accuracy enhancement for MU-MIMO
It is a common understanding that for advanced MIMO schemes, such as MU-MIMO, more accurate channel information is critical to obtain its potential gain. Large gains from MU-MIMO (30% to over 50% over SU-MIMO) have been shown for various antenna configurations [1]. However, the gains can be quite limited with a coarse feedback, for example, using Rel-8 codebook for 4 transmit antennas, especially for antenna configurations with cross-polarization and/or large spacing. 
In addition to the accuracy of the CSI feedback, the performance of MU-MIMO (and other advanced MIMO technologies) relies on a few other aspects of the design as discussed below.
2.1 Receiver’s knowledge of the interference
The receiver may have knowledge of the pairing of other user(s) or knowledge of the interference, for example, through PDCCH signalling. The former sometimes is denoted as the transparency of MU-MIMO where related information about the paired user(s) may or may not be signalled to the receiver(s). Furthermore, the receiving UE may blindly detect whether other users are paired for MU-MIMO using the same time-frequency resource. If such information is available at the receiver, the UE may, for example, adjust its receiver filter to suppress the signal from the other users. Generally speaking, with the knowledge of the interference from the paired user(s) and ability to suppress such interference at the receiver, the gain of MU-MIMO is higher and is less sensitive to the accuracy of CSI feedback.
2.2 Precoding (and CQI) adjustment at the eNB
By utilizing the UE-specific DM-RS, the eNB may adjust the precoding for each of the paired users to minimize interference to each other. In order to adjust, eNB needs the knowledge of the channels to each of the paired users. For example, zero-forcing beamforming (ZFBF) is a commonly used method for precoding adjustment for MU-MIMO. As shown in many contributions using ZFBF for MU-MIMO, the feedback CSI is used for precoding adjustment assuming it reflects the actual channel so that the residual interference between the paired users can be kept relatively low. However, the actual effect on reducing the residual interference depends on several factors:
· The resolution/size of the feedback codebook. As mentioned above, feedback based on Rel-8 codebook limits the performance of MU-MIMO though it appears to be sufficient for SU-MIMO. By improving the effective codebook size/resolution (e.g., through adaptive codebooks), the performance of MU-MIMO can be improved significantly since the reported PMI reflects the channel direction so that residual inter-user interference is reduced. Note that the performance gain from a larger codebook size is relatively small for SU-MIMO.
· Matching between the rank of the channel and the feedback rank. For example, with cross-polarized antenna arrays, the channel often spans more than one dimension. If rank 1 CSI/PMI is reported by the UE, ZFBF only avoids interference to the spatial direction represented by such CSI/PMI though the signal for another user may still reside in the actual channel subspace. This residing results in large residual interference and significantly degrades the performance of MU-MIMO. This also makes the CQI adjustment for MU-MIMO transmission more difficult.
· Testing of the UE feedback. Currently, all the CSI feedback reports are implicit the testing is designed accordingly. This may have an impact on how the CSI feedback can be used at the eNB as discussed later in the contribution.
Based on the above discussions, to improve the feedback accuracy, a few options exist:
· Improved feedback codebook design. Candidate schemes include adaptive codebook, downlink/configurable codebooks, etc.
· Feedback enhancement to provide CSI at the eNB that better matches the channel characteristics such as the channel subspace. Candidate schemes include long term channel information (covariance matrix) feedback, multiple feedback reports of various ranks, explicit feedback of the channel, etc.
In the following section, these approaches are analyzed and compared mainly from testing perspective. 
3 Testing and utilization of CSI feedback for MU-MIMO
Before discussing the testing impacts of various feedback approaches to improve MU-MIMO performance, it is beneficial first to review how the testing is done currently in RAN4 specifications.
3.1 Testing of CSI feedback in RAN4
The principle for testing PMI feedback in RAN4 specification is given in Section 9.4 of TS 36.101 (version 10.3.0) as copied below:
The minimum performance requirements of PMI reporting are defined based on the precoding gain, expressed as the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding, respectively. Transmission mode 6 is used with a fixed transport format (FRC) configured. The requirements are specified in terms of the ratio
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The value of  is defined in TS36.101 to be between 1.1 and 1.2 for various feedback modes. Testing and requirement for rank indicator reporting is defined in a similar manner.
Based on the defined testing and requirement for PMI reporting, some observations can be made:
· PMI feedback is tested based on the throughput gain of closed loop beamforming (SU-MIMO using the reported PMI) over random precoding.
· Selecting PMI to maximize throughput is quite different from quantizing the channel. The selected PMI depends on many aspects including the receiver, the spatial characteristics of the interference, etc.

· Utilization of the Rel-8/9/10 PMI feedback for precoding adjustment during MU-MIMO pairing is not a tested usage of the PMI feedback.
3.2 Analysis of the impact on testing of various proposals
As discussed in Section 2, there are various methods to enhance feedback for MU-MIMO. Each method has advantages and disadvantages in terms of performance, overhead, robustness, etc. Each also has different impact on testing design and performance requirements of the feedback. 
3.2.1 Explicit feedback
Generally speaking, explicit feedback of the channel part is a direct quantization of the estimated channel (short term or long term) at the receiver. Although the definition of the feedback content can be straightforward, it can be quite tricky when defining test cases and requirements for explicit feedback. The accuracy of quantization cannot be directly measured since the channel seen at the UE depends on transmitting antennas and filters, physical channel, receiving filters, and channel estimation method. In addition, since there is no transmission mode defined to directly use the explicit feedback, the accuracy of feedback also cannot be measured as throughput gain of SU-MIMO as in the testing of implicit feedback. 
An alternative method is to define a use case for explicit feedback such as MU-MIMO and test the accuracy of the feedback indirectly through the performance impact. For example, with MU-MIMO, when the explicit channel information is used to minimize interference between the paired UEs, the accuracy of the feedback can be measured by the throughput of the paired users. 

3.2.2 Implicit feedback used as channel information
As discussed above, the utilization of the implicit feedback directly as channel information is not tested. This applies to Rel-8/9/10 feedback as well as the enhancements of the feedback codebook. Whether there is a need to define additional testing for these new use cases of implicit feedback should be studied.
3.2.3 Enhanced implicit feedback targeting for MU-MIMO
This kind of enhanced feedback may include two parts of channel information: one for SU-MIMO transmission and the other for MU-MIMO pairing. Examples include best/worst companion PMI, multi-rank PMIs, PMI plus long term channel information, etc. For the enhanced feedback, both SU-MIMO and MU-MIMO use cases may be used to define the testing and requirements.
4 Way forward on feedback enhancement and testing design 
Based on the analysis of the feedback enhancements for MU-MIMO and the related testing issues, the following way forward is proposed:
· To investigate whether utilizing the implicit feedback PMI for MU-MIMO without specific testing has any negative impact on the performance;
· For explicit type of feedback, specific use case(s) needs to be identified for testing purposes.
References

[1] Huawei, HiSilicon, “Investigation on CSI feedback enhancements for closed-loop MIMO”, R1-111254, Barcelona, Spain, May 9-13, 2011.
_1299562643.unknown

