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1. Introduction

In general, MU-MIMO scheme provides higher peak/average system throughput by fully exploiting multi-user scheduling gain in spatial domain as compared with that of SU-MIMO. However, in order to obtain reasonable spatial multi-user diversity gain, it is necessary to handle multi-user interference properly. The MU-MIMO scheme in LTE is based on classical SDMA and the system doesn’t provide any interfering channel information to the UE. Therefore, there is a huge CQI mismatch between UE feedback and downlink channel when the eNB schedule multiple UEs in the same time-frequency resource. Hence, more sophisticated MU-MIMO operation should be introduced for LTE-advanced to provide better performance. 

In this contribution, we describe the characteristics for several potential algorithms of downlink MU-MIMO and introduce some consideration points including demodulation RS structure.
______________________________________________________________________
2. Candidates for MU-MIMO in LTE-A
Three types of MU-MIMO can be considered for LTE-Advanced system. As a simplest one, unitary precoding based on codebook can be considered as an enhanced version of Rel-8 MIMO. Since unitary precoding based multiple-user pairing allows more accurate CQI measurement, huge CQI mismatch problem in Rel-8 MU-MIMO mode can be solved. However, the performance improvement could be limited to a certain level due to its co-channel interference and scheduling issue. Hence, we may consider more sophisticated MU-MIMO scheme such as non-unitary precoding (e.g., ZF-BF: Zero-forcing beamforming). The ZF-BF may provide significant performance gain compared to unitary precoding based MU-MIMO as far as CSI information is enough. The last candidate can be a non-linear precoding based MU-MIMO (that is, a dirty paper coding) in which co-channel interference is almost removed at the transmitter so that a UE doesn’t need to have complicated receiver operation. The table 1 shows characteristics and some pros and cons of abovementioned three types of MU-MIMO scheme.

Table 1. MU-MIMO candidates and its properties
	
	Characteristics & Requirements
	Pros & Cons

	Unitary Precoding

(codebook-based)
	· Orthogonal precoding vector pairing in spatial domain for multiplexing multi-user

· eNB follows precoding recommended by UE

· Small codebook size required – codebook subset restriction can be utilized for this purpose
	· Pros

- relatively low feedback overhead due to its small codebook size

- provide reasonable performance under medium loaded cell since small size codebook allows eNB to easily find paired UE
- robust to RB size of PMI feedback since it doesn’t try to separate spatial sreams completely or cancel before transmission
- relatively low complexity at eNB and minimal CQI mismatch

· Cons

- relatively low beamforming gain

- largest co-channel interference among three schemes

	Non-unitary Precoding

(codebook or sounding )
	· The transmit precoding vectors for each stream or UE doesn’t need to be orthogonal
· eNB calculates precoding vectors according to UE feedback with a specific algorithm (e.g., ZF-BF)

· Large size codebook and narrow RB size for PMI feedback is required
	· Pros

- better spatial separation is provided (i.e., less co-channel interference)

- higher beamforming gain can be obtained compared to unitary precoding 
- it works well under a heavily loaded cell since co-channel interference gets reduced as a number of UE becomes larger while enjoying large beamforming gain
- CQI mismatch could be reasonable if eNB employs efficient CQI modification
· Cons

- relatively high feedback overhead due to larger codebook size and narrow RB size for PMI feedback

- CQI mismatch may be increased in case of sounding based precoding

	Non-linear Precoding

(Sounding or partial codebook)
	· Transmit signals are processed with non-linear function such as modulo operation

· eNB calculates precoding vectors according to UE feedback with an algorithm (e.g., THP)

· Large codebook size or sounding-based feedback is required with narrow RB size for channel feedback.
	· Pros

- it performs well when the number of UE is large enough in a cell and operating SNR is high

· Cons

- high feedback overhead due to larger codebook size and narrow RB size for PMI feedback

- CQI estimation is difficult due to the non-linear function (e.g., modulo operation).


From discussions above, it is noted that non-linear precoding seems to be inappropriate for LTE-A system due to its excessive feedback overhead and complicated CQI estimation. Therefore, we prefer to focus on unitary and non-unitary precoding as a candidate of MU-MIMO transmission scheme.

______________________________________________________________________
3. Consideration Points
In Rel-8, MU-MIMO scheme is not fully optimized to minimize co-channel interference. Simply reusing SU-MIMO codebook and feedback mode may cause serious performance degradation with huge CQI mismatch. Therefore, separate design with SU-MIMO and further optimization seems to be needed for LTE-A system. Some detailed proposals [1]-[5] have been discussed in order to employ enhanced the MU-MIMO scheme in Rel-9 and Rel-10 compared to that of LTE such as new codebook design, supporting finer granularity of channel feedback and interfering vector indication for better supporting of CQI calculation. In our point of view, designing enhanced MU-MIMO should be discussed together with RS structure since MU-MIMO scheme in LTE is designed under cell-specific RS. However, in LTE-A, dedicated RS can be employed for MU-MIMO to minimize RS overhead while enjoining beamformed RS at the receiver. Thus, it is worthwhile to focus more on MU-MIMO design under dedicated RS in LTE-A system.
· Demodulation RS for MU-MIMO
Two types of demodulation RS (i.e., dedicated RS) [6] can be considered such as precoded RS and non-precoded RS. The precoded RS can provide lower RS overhead with beamforming gain which may provide better channel estimation performance compared to that of non-precoded RS. Therefore, the precoded RS seems to be appropriate as a demodulation RS for MU-MIMO. In this case, the DRS can be designed in two different ways as follows:

· Same DRS position within scheduled multiple UEs

Each UE’s scheduling in a same frequency/time resource can have same DRS pattern with different precoding vector. Hence, each UE’s DRS can interfere to the others, thus resulting in channel estimation performance degradation. In addition, RS boosting is may not help to give more reliable channel estimation since the interference level also becomes larger as the RS power gets higher. However, major advantage of this DRS structure could be simpler design of DRS for MU-MIMO. 
· Different DRS position within scheduled multiple UEs

Although DRS patterns are same irrespective of a UE, time/frequency position and/or code could be different according to a UE in order to provide better channel estimation performance. In this case, the DRS position should be informed to a UE so that the DRS can be used to demodulate. From positioning DRS to different time/frequency resources, co-channel interference between RSes can be handled by eNB with power control and interference suppression at a UE receiver is also possible if UE can see other UE’s DRS allocated in same RB(s).
· Multi-stream support for a single UE
Rank-1 transmission is only allowed to a UE in MU-MIMO mode in Rel-8. Therefore, as the number of UE scheduled in a same time/frequency resource gets larger the downlink control signaling becomes bigger. Therefore, multi-stream transmission for a single UE in MU-MIMO mode seems to be beneficial in terms of downlink control signaling overhead and single user throughput. However, system level investigation seems to be inevitable to see whether it can provide additional system throughput gain. One challenging point to support multi-stream in MU-MIMO mode could be a rank adaptation since it is a bit complicated to calculate preferred rank at a UE side without co-channel interference information and scheduling policy. 
______________________________________________________________________
4. Summary
In this contribution, we discussed possible candidate of MU-MIMO scheme for LTE-A system and some consideration points to enable MU-MIMO transmission with dedicated RS. The discussions can be summarized as follows:

· Unitary precoding and/or non-unitary precoding can be considered as an enhanced MU-MIMO scheme  for LTE-A system
· Demodulation RS for MU-MIMO

· Precoded-RS is preferable to exploit its beamforming gain for channel estimation and have less RS overhead

· Two types of DRS positioning were discussed such as same DRS position for all UEs in a same RB(s)  and different DRS position according to a UE.

· Multi-stream support for a UE in MU-MIMO mode 

· Supporting multiple streams to a single UE may be beneficial

· Further investigation is necessary to see the benefit from multiple stream supporting

______________________________________________________________________
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