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1. Introduction

For Release-10, feedback enhancements significantly target multiuser MIMO operation for 4 Tx, which is also considered a priority [1]. However, CQI enhancements for MU-MIMO must also be investigated to realize some of these potential gains enabled by spatial feedback. 

Unlike the CQI derivation in SU precoding/beamforming, in MU transmission, a UE does not have any knowledge of potentially co-scheduled UEs’ channels or their precoding parameters to effectively calculate the interference caused by the concurrent transmission.  Hence the feedback of the accurate CQI under MU operation could be challenging.  This contribution discusses some methods to address reliable computation, feedback, and other related signaling aspects, of multi-user CQI (MU-CQI).
2. CQI Measurement and Accuracy
MU-MIMO allows simultaneous transmission to multiple users using the same frequency and time resources.  The accuracy of channel feedback information is key to these advanced MU-MIMO operations.  This is partly due to the fact that the transmitter should, by beamforming and user selection, mitigate any mutual interference between the multiple users.  Such schemes require good channel information to determine best user pairing and the precoding weights so that eNB can deliver power more efficiently to each of the co-scheduled users while minimizing mutual interference between users [1].  CQI under MU transmission is more difficult to compute because the UE has no idea of the potential interference, and therefore cannot effectively predict the gain of interference cancellation that the UE receiver may provide. Hence the CQI could become less relevant for eNB, and at best serve as a very coarse estimate of actual CQI. This compares to SU transmission where the inter-layer interference can be easily estimated. In the presence of coarse channel information feedback mainly in the form of PMI which captures the dominant channel directions, post-precoding MU interference is inevitable. CQI reporting enhancements that can realize the MU gain may be very desirable.
Accurate CQI under MU is not only important for the accurate MCS selection, but it impacts the effectiveness of a scheduler in terms of user selection, SU/MU switching etc., which all could significantly affect the achievable system throughput gain.
It is well understood that for accurate CQI measurements/prediction, the key challenges are to capture:
i) Frequency selectivity of spatial channel information

ii) Receiver processing and impairments under both measurable and unpredictable interference 
iii) Scheduling hypothesis (SU/MU mode and UE paring)
i) and ii) are best measured at the UE, but iii) is only available at eNB considering any applicable scheduling restrictions. 

3. MU-CQI enhancement options in Release 10

To better support MU-CQI in Release-10, we may target the following objectives:

1) The additional CQI should not significantly increase the overhead of the current feedback modes. 

2) SU-CQI should always be fed back regardless of whether MU-CQI is enabled.

3) MU-CQI may be sufficient to be fed back on a wideband basis, and multiplexed with SU and may also be feedback less often.

4) It is also preferable that the MU-CQI definitions are testable with a simple extension of current RAN4 testing procedures.  

Several options for CQI enhancement are discussed below.
3.1. Option 1: Completely based on eNB guess.

The operations for MCS determination will be as follows:
· An eNB receives rank 1 SU-CQI from all potential UEs
· For a pairing hypothesis, the MU-CQI is predicted at eNB based on the SU-CQI and the predicted post MU precoding interference (see for example [3]). The prediction often relies on SU-SNR in dB, which is not exactly the MCS level as represented by SU-CQI. Even though the MCS can be mapped to an SNR metric, the operation could be coarse and further degrades MU gains.

The advantage of this option is of course that no additional specification support or additional feedback is needed. However, not only the SU-CQI can be very coarse (must be rank-1 also), but also the receiver’s MU interference mitigation capability is not accounted for. New CQI definitions may be needed (e.g., ideally SNR in dB), which may be difficult to introduce at this stage since this kind of explicit channel quality metric impacts uplink feedback modes, RAN4 tests etc.

3.2. Option 2: Measured at UE based on a fixed hypothesis of an interfering set

The operation will typically include the following:
· A UE measures a “combined” CQI based on the assumption that the interference is potentially from a subset of companion PMIs in the codebook. An example of a companion subset could be PMIs that are orthogonal to the UE-preferred PMI. A heuristic combining process could be an operation that performs a weighted average of the measured CQIs each derived under pairing with a companion PMI. Alternatively, the best or worst CQIs may be used.
· eNB uses the MU CQI for scheduling, possibly with some additional heuristic compensation if needed.
The advantage of this approach is that it captures receive processing and representative of a typical set that the eNB is likely to co-schedule. However, the heuristically weighted CQI may still have varying degree of usefulness and essentially does not match with actual CQI. For example, a best or worst CQI may be more useful for user pairing decisions (by imposing some hard restrictions) and less useful for MCS decision. In addition, depending on the size of the companion set, the UE may be required to add a significant order of complexity for computing CQI under multiple hypotheses. 
3.3. Option 3: eNB indicates a predetermined subset selection 

This option is a minor modification to option 2 above, where an eNB may indicate the hypothesis set on a semi-static basis. Such sets may have to be predefined. Some proposals have suggested using the interferer rank/number of layers to improve CQI [6]. Similar restrictions on codebook have also been proposed [4]
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This approach shares similar advantages as Option 2, while making reported CQI more meaningful and limiting the UE complexity.
3.4. Other Options

Outer-loop MCS adjustment 

Note that the initial MCS mismatch can be somewhat mitigated with an outer-loop adjustment. However, the effectiveness of outer-loop depends on whether the frequency location of RBs changes from allocation to allocation and in general, how static some scheduling parameters are in terms of stabilizing the effective post-precoding channel quality. Note that regardless of definitions of CQI, outer-loop will always be used. However, outer loop does not solve all CQI issues, as the adjustment loop is coarse based on ACK/NACK, and better CQI accuracy translates to improved performance.
Precoded RS

Another idea being proposed is the precoded RS. DRS for demodulation are precoded, but only present in the user’s own allocation. Measurement based on DRS can be very accurate as it relates to capturing exact UE processing and achieved performance, but not useful if the scheduling decision changes (e.g., frequency location, user pairing, etc.).  Precoded RS covers the entire bandwidth under a certain precoding which is pre-determined. The benefit is that a UE can report accurate CQI, at the cost of scheduling flexibility at eNB. High-layer signaling of certain scheduling parameters could provide similar benefit, but with no additional RS overhead and the eNB does not have to be constrained by the signaled scheduling hypothesis. 
4. Conclusions

In this contribution, we share some preliminary observations for MU-CQI feedback and MCS determination at eNB in Release-10. 

Specifically, our view is to enable MU-CQI using a simple and straightforward approach minimizing overhead and specification impact. Any new definitions should target: 
i) providing efficient support for eNB for scheduling MU without complicated prediction and compensation and ii) minimizing the additional UE computational complexity for MU-CQI.
Proposal: Consider high layer signaling of certain precoder restrictions (e.g., based on the same precoder codebook used for CSI feedback).
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