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1
Introduction

Advanced receivers have been investigated and utilized in multiple recent releases. Interference cancellation has been applied to different reference signals like CRS, PSS, SSS, P-BCH while different channels have been, or are currently enhanced, such as PDSCH, PDCCH/EPDCCH. More specifically, PDSCH inter-cell interference and inter-stream interference is possible to be cancelled by means of symbol level non-linear processing, allowing for increased coverage and average system performance. In this contribution we discuss the motivation for the new work item on downlink inter-user interference cancellation of PDSCH channels for LTE.
2

Motivation for enhanced MU MIMO transmission
Multi-user operation (MU-MIMO) has been a LTE feature since release 8. The operation of MU MIMO on CRS has some technical hurdles in the form of too high inter user interference and poor MU pairing due to lack of orthogonality between the user's streams. This was due to the limited codebook design, no dynamic switching between SU/MU MIMO, inflexible PMI processing at the eNB and lack of inter-user interference cancellation at the UE. 
Later introduction of dedicated reference symbols (DMRS) has improved the MU-MIMO operation, allowing improved orthogonality between paired streams at the transmitter. Such transmit processing, while improving the orthogonality between the users’ streams, it is also reducing the precoding gain from the user perspective. The benefits of transmit processing are more visible when the CSI feedback is of high accuracy. Contrary, benefits of receiver processing become visible when feedback is delayed and/or of low frequency granularity.
MU MIMO operation can be improved by non-linear processing at the UE, leveraging current UE implementation of advanced receivers. The CRS based MU MIMO may be improved by allowing the UE to perform interference cancelation (IC) of the paired stream, this being possible by simple extension of release 12 NAICS operation. DMRS based MU MIMO may be enhanced in a similar manner. Such enhanced MU MIMO operation is expected to exploit the blind detection mechanism of NAICS. For example for CRS operation the UEs are required to perform blind detection of interference presence, PMI, and modulation order of the paired UEs. Enhanced MU MIMO operation would be possible in network deployments of 2, 4 and 8Tx.
2.1 Link level performance

In this section we present selected link performance of enhanced MU MIMO operation based on advanced receivers. The main operation modes consider best SU CSI feedback from the UE and flexible pairing from the eNB with respect to the reported PMIs. Note that in this setup we have not considered same PMI pairing (such as in MUST), but such operation could be easily accommodated. The receivers of interest in this study are symbol based reduced complexity ML (RML) and enhanced LMMSE. We note that SLIC receiver may be applicable as well. In CRS modes the baseline operation is TM5 where the UE constructs interference covariance matrix without network assistance and blind detection. 

The MIMO performance depends on the antenna correlation, hence we are investigating three scenarios of low, medium and high antenna correlation. Figure 1 shows the performance with low correlation, Figures 2 and 3 consider medium correlation with EVA 70 Hz and ETU 70 Hz channel types, respectively, while in Figure 4 we depict performance with high correlation. Receivers utilizing interference covariance of the paired UE (RML and E-MMSE) are providing significant gain compared to legacy operation. The legacy operation exhibits bad performance as the interference covariance of the paired UE is not known. In this scenario the UE may construct interference covariance as an average of covariance matrices based on the potential paired PMIs (3 choices in 2Tx). Such operation, while containing the paired UE covariance, contains also a destructive affect due to the remaining non-paired PMI-covariance which means that that UE cancels interference in directions where it is not needed. Certainly cancelling interference only in the direction of the paired PMI is equivalent with the enhanced MMSE performance (black curves in the figures). At the expense of showing the modulation of the paired UE, one may apply RML receiver, harvesting further gains (red curves in the figures).
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Figure 1: E-MU-MIMO CRS operation, low antenna correlation, EVA 70 Hz, MCS 16QAM ½.
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Figure 2: E-MU-MIMO CRS operation, medium antenna correlation, EVA 70 Hz, MCS 16QAM ½
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Figure 3: E-MU-MIMO CRS operation, medium antenna correlation, ETU 70 Hz, MCS 16QAM ½.
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Figure 4: E-MU-MIMO CRS operation, high antenna correlation, EVA 70 Hz, MCS 16QAM ½.
3
Conclusion
In this contribution we have been presenting the background and motivation for a new work item targeting enhanced multi-user MIMO operation based on advanced receivers. The link level investigation indicate good performance gains due to the non-linear receiver utilization. The gains are varying with respect to the antenna correlation, however dynamic SU/MU switching covers several cases of antenna correlation. Considering the existing performance requirements for the utilization of advanced receiver in SU MIMO operation, the extension into MU MIMO would leverage the existing UE implementation and allow flexible eNB operation. Such enhanced operation comes with limited specification impact apart from the RAN4 performance requirements.
Therefore, considering the importance of multi-user MIMO operation and the recent trends in advanced receiver utilization, we propose to start a new WI in Release 14 for enhanced MU MIMO transmission. 
A
Annex – link simulation assumptions
	Parameters
	Values

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	PDSCH Resource allocation
	50 PRB

	UE1/UE2 Power allocation
	-3 dB / -3 dB (50/50 power split)

	Cyclic prefix
	Normal

	Propagation channel
	2x2 EVA and ETU 70 Hz

	Antenna correlation
	Low, Medium, High

	EVM
	0%

	MCS#
	16 QAM 1/2

	Receiver algorithms
	1. R-ML*, 2. E-MMSE**, 3. MMSE-IRC

	Channel and SNR estimation
	Realistic

	PMI feedback
	Follow wideband PMI

	PCFICH
	CFI=2


NOTE*: Presence, PMI and modulation of interfering UE are known.

NOTE**: Presence and PMI of interfering UE are known.
