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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.
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1
3GPP Work Area

	x
	Radio Access

	
	Core Network

	
	Services


2
Classification of WI and linked work items

2.0
Primary classification

This work item is a …

	
	Study Item (go to 2.1)

	X
	Feature (go to 2.2)

	
	Building Block (go to 2.3)

	
	Work Task (go to 2.4)
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Justification

Advanced receivers have been investigated and utilized in multiple recent releases. Interference cancellation has been applied to different reference signals like CRS, PSS, SSS while different downlink channels have been, or there are currently enhanced, such as PBCH, 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.

Multi-user operation (MU-MIMO) has been a LTE feature since release 8. The operation of MU MIMO on CRS had some technical hurdles in the form of too high inter user interference and poor MU pairing due to lack or orthogonality between the user's streams. This was due to the limited codebook design, no dynamic switching between SU/MU MIMO, inflexible PMI handling at the eNB and lack of inter-stream interference cancellation at the UE. Later introduction of DMRS has improved the MU MIMO operation, allowing the orthogonalization of the paired streams at the transmitter. Yet all the MU MIMO processing is based on the assumption of linear receivers. 

MU MIMO operation can be improved by non-linear processing at the UE, leveraging current UE implementation of advanced receivers, i.e., enhanced LMMSE, R-ML, SLIC and CWIC receivers. 

For enhanced LMMSE, R-ML and SLIC receivers the CRS based MU MIMO may be improved by allowing the UE to perform 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 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, power and modulation order of the paired UEs. Network assistance may be considered to help the detection of the interferers’ parameters provided it brings significant performance gains.  

The support of transparent enhanced CRS operation should be the starting point, that is enhanced TM5 operation DMRS MU MIMO is also considered.

Increased MU pairing would be possible in network deployments of 2, 4 and 8Tx. 

4
Objective

4.1          Objective of SI or Core part WI or Testing part WI

The work item is to specify performance requirements and network assistance for LTE downlink data channels of users multiplexed in spatial domain (MU MIMO). 

RAN4: 

· Identify and agree on the parameters combinations that could be blindly detected jointly, including if under subset restriction for any parameters. The starting point of the investigation is based on NAICS findings that under specific interference conditions the joint blind detection is possible for interference presence, transmission mode, PMI, RI, modulation order, PA. 

· The candidate advanced receivers to be considered are existing PDSCH receiver structures defined in Rel-11/Rel-12/Rel-13: enhanced-LMMSE IRC, RML/SLIC, CWIC with and without CRS IC.

· Consider the total number of spatial streams used in the advanced receiver processing, targeting the operation of 4 streams paired in MU/spatial domain (originating from a minimum of 2 UEs or a maximum of 4 UEs). The number of transmit antennas are 2, 4, 8Tx while 2,4Rx are considered at the UE.

RAN1:

· Perform the necessary specification changes allowing the enhanced MU MIMO interference cancellation supported by RAN4. 

· Define the network assistance, if any, with respect to interferers’ parameters estimation, CSI feedback computation and/or reporting.  

RAN2: 

· Perform necessary changes of RAN2 specification for providing higher-layer signalling

 4.2
Objective of Performance part WI

NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

Specify demodulation and CSI feedback performance requirements based on the outcome of the core part of the work item. Target performance requirements is covering both CRS and DMRS operation.

 
4.3
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Once the WI/SI is approved, the tables below will no longer be updated in the WI/SI description (i.e. the tables reflect the status of the initial approval). But changes can be proposed in the status report of the WI/SI.

	RAN #71
Q2/2016
RAN #72

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	84bis
	84bis
	93bis
	93bis
	93bis
	91bis
	78bis
	78bis
	78bis
	78bis
	85
	85
	94
	94
	94
	92
	79
	79
	79
	79

	
	
	
	
	
	
	
	1
	
	
	0.5
	
	
	
	
	
	
	1
	
	


	RAN #72
Q3/2016
RAN #73

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	86
	86
	95
	95
	95
	93
	80
	80
	80
	80

	
	
	0.5
	
	
	
	1.5
	
	
	


	RAN #73
Q4/2016
RAN #74

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf
	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF Perf
	R4RD Perf

	86bis
	86bis
	95bis
	95bis
	95bis
	93bis
	80bis
	80bis
	80bis
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	87
	87
	96
	96
	96
	94
	81
	81
	81
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	2
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	RAN #74
Q1/2017
RAN #75

	R1L
	R1U
	R2L
	R2U
	R2J
	R3
	R4RF

Core
	R4RD Core
	R4RF

Perf
	R4RD Perf

	87
	87
	96
	96
	96
	94
	81
	81
	81
	81

	
	
	
	
	
	
	
	
	
	2


L: LTE, U: UMTS, J: Joint, RD: RRM/demodulation

NOTE:
In case further explanation of the time budget proposal is needed, then please explain this below.

additional comments to the time budget proposal:

5
Service Aspects

6
MMI-Aspects

7
Charging Aspects

8
Security Aspects

9
Impacts

	Affects:
	UICC apps
	ME
	AN
	CN
	Others

	Yes
	
	
	
	
	

	No
	
	
	
	
	

	Don't know
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Expected Output and Time scale

	New specifications [If Study Item, one TR is anticipated]

	Spec No.
	Title
	1st rsp. WG
	2nd rsp. WG(s)
	Presented for information at plenary#
	Approved at plenary #
	Comments

	
	
	
	
	
	
	


NOTE:
If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Comments for each spec.
By default a new specs can only be new for one of both parts.
	Affected existing specifications  [None in the case of Study Items]

	Spec No.
	CR
	Subject of the CR
	Approved at plenary#
	Comments

	36.211
	
	Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation
	RAN #73
	Core part

	36.213
	
	Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical layer procedures
	RAN #73
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Radio Resource Control (RRC);
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	Core part

	36.101
	
	Evolved Universal Terrestrial Radio Access (E-UTRA);
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	RAN #76
	Perf. part
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