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1 Introduction
Multi-user MIMO (MU-MIMO) is a promising technology to increase the system-level throughput by enabling multiple UEs to share a set of resource blocks in a subframe. MU-MIMO also improves the scheduling gain by creating new resource dimension in the spatial domain. To achieve this goal in downlink (DL), LTE Rel.8 specifies a simple version of DL MU-MIMO. However, there is much room for MU-MIMO enhancement in LTE advanced (LTE-A) since the DL MU-MIMO scheme available in LTE Rel.8 has been designed simply assuming the transmit antenna configuration with very high correlation. Followings are the major features of MU-MIMO specified in LTE Rel.8:
· Codebook-based precoding, i.e. common reference signal (CRS) assisted
· Rank-1 transmission only

· No difference in CQI/PMI feedback signalling between SU-MIMO and MU-MIMO
· 1-bit power offset signalling on PDCCH

In this document, we will discuss following topics to derive design principles and discussion items for MU-MIMO enhancements in LTE-A.
· Reference signal (RS) structure

· Feedback information
· DL control signalling

2 Reference signal structure
In LTE Rel.8, both SU-MIMO and MU-MIMO are designed to operate with the CRS. Since the CRS cannot capture the UE-specific precoding applied to PDSCH, the precoder index should be signalled on PDCCH. Meanwhile, LTE Rel.8 defines only one pattern of dedicated RS (DRS) so that the dedicated beamforming supports rank-1 transmissions only.
On the other hand, LTE Rel.9 and LTE-A will introduce multiple DRS. From the last RAN meeting, it was agreed to work on dual-stream dedicated beamforming for LTE Rel.9. From RAN1 #55 meeting, following agreements have been reached for further discussion on the DL RS structure in LTE-A [1].
· Two types of RS defined in LTE-A: Demodulation RS (DM-RS) and channel status information (CSI) RS

· DM-RS

· RS targeting PDSCH demodulation

· UE specific (dedicated), i.e. transmitted only in scheduled RBs and the corresponding layers
· Extension of the concept of Rel-8 DRS to multiple layers
· RSs on different layers are mutually orthogonal
· RS and data are subject to the same precoding operation

· CSI-RS
· RS targeting CSI generation (for CQI/PMI/RI/etc reporting when needed)

· Cell specific (common)
· Sparse in frequency and time
Since multiple orthogonal DRS will be available in LTE-A, MU-MIMO enhancements with extended DRS will be possible even though they are originally introduced for DL higher order MIMO and DL CoMP.
There are several benefits of DRS-assisted MU-MIMO. One is that the eNB scheduler is not limited to select a precoder from the codebook. A smart scheduler may be able to select an appropriate precoder to reduce the inter-user interference in MU-MIMO operations. However, MU-MIMO specified in LTE Rel.8 just relies on the codebook-based approach so that the smart algorithm for determining MU-MIMO precoders is limited. With multiple orthogonal DRS, this kind of flexible MU-MIMO precoding will be supportable. The other is that we can remove the precoder signalling in the DL control information (DCI) for MU-MIMO since the DRS captures the UE-specific precoding applied to the data signal.
The concept of DRS-assisted MU-MIMO is already reflected in the way forward. There is a sentence saying “different layers can target the same or different UEs” in [1].

3 Feedback information
For DRS-assisted MU-MIMO operation, the required feedback information will not necessarily be the precoding matrix index (PMI) which indicates the preferred precoder within the codebook. Some of design principles used in deciding LTE Rel.8 precoders were made from eNB transmitter’s perspective. Constant modulus property was an important feature of LTE Rel.8 precoders since it promises DL transmission power balance between different antenna ports. Constraint alphabet was also a key feature of LTE Rel.8 precoders to reduce computational complexity. However, what the eNB scheduler needs to have for better precoder selections is accurate channel status information. Whether the eNB transmitter selects non-constant modulus precoders should be leaved as an implementation issue in DRS-assisted MU-MIMO. If the property of constraint alphabet becomes an obstacle to representing accurate channel status information, it should be reconsidered.
One important issue to be discussed for MU-MIMO enhancements is how to solve the CQI mismatch problem [2,3]. A UE cannot imagine what kind of precoder will be used for PDSCH transmissions and how much interference the UE will experience from other users’ beams so that it is very difficult for a UE to measure and report accurate and/or appropriate CQI. Therefore, a certain rule for CQI calculation should be provided as a guideline.

Feedback of more accurate channel status information is definitely helpful to the eNB scheduler for MU-MIMO operations. However, this leads to more feedback overhead. Therefore, feedback overhead reduction techniques should be studied. Considering the trade-off between MU-MIMO scheduling gain and feedback overhead, appropriate feedback overhead should be determined.

Feedback structure is also related to other technologies for LTE-A, such as CoMP and higher order MIMO. A universal way to define feedback information and feedback structure needs to be studied.
4 DL control signalling
For DRS-assisted MU-MIMO operation, the PMI signalled in PDCCH is no more needed as mentioned above. Therefore, new DCI format for MU-MIMO needs to be specified.
The main motivation of MU-MIMO is to increase the system throughput by allowing more users to share the same physical resources. This requires more PDCCH to be transmitted since the scheduling information for a UE is transmitted in a PDCCH. Even though the potential capacity of PDSCH is extremely improved by MU-MIMO, the PDCCH capacity will become the bottleneck of MU-MIMO scheduling if such a lot of PDCCH cannot be transmitted in a subframe.
One solution for this problem is to develop a mechanism enabling more PDCCH to be transmitted in a subframe. A compact DCI for MU-MIMO will be helpful to increase the PDCCH capacity. The compact DCI for MU-MIMO should contain must-have fields only. For example, whether to include the rank signalling in the DCI to allow multi-stream MU-MIMO [2,4] should be carefully investigated since it cannot help increasing the DCI size.

5 Conclusions
In this contribution, we proposed to introduce DRS-assisted MU-MIMO for LTE-A and discussed following design issues.
· Feedback information

· Reconsider PMI feedback approach
· Provide a guideline of CQI calculation to solve the CQI mismatch problem

· Study on feedback overhead reduction techniques

· Study on a universal feedback structure applicable to DL CoMP, DL higher order MIMO, and DL MU-MIMO as well

· DL control signalling
· Improve PDCCH capacity
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