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1 Introduction
In the RAN WG1#49bis meeting, some of the agreements for MU-MIMO were:

· MU-MIMO scheme focusing on the correlated antenna elements (but its use for the uncorrelated antenna elements is not precluded)

· Precoding codebook baseline

· Reuse (a part of) the rank-1 SU-MIMO precoding possibilities defined for 2 TX and 4 TX antennas

· UE and Node B uses the same codebook

· Node B has the ability to independently choose the precoding vectors for the UEs scheduled in the same subframe.

· UE feedback

· CQI calculation: same as the rank-1 SU-MIMO

· Precoding feedback: same as the rank-1 SU-MIMO 

· It is possible to configure non-frequency selective precoding feedback

· Need for additional means for robustness is FFS (inclusion into Rel8 is not precluded)

· An additional CQI terms for interference indication 

· Alternative CQI definition

· Downlink control signalling
· Explicit signalling of the used precoding vector for a scheduled UE is allowed

· Other possibilities are to be aligned with the conclusion of SU-MIMO case

· Signalling of the interference vector(s) is FFS

· Indication of the power share for a UE among the scheduled UEs on the same set of frequency resource in the same subframe is FFS

· Detailed signalling scheme is FFS

· The conclusion on the UE-specific RS-to-PDSCH power offset signalling should preferably be reused. 

· Taking into account the subframe-wise power variation… 

During this meeting we agreed to present in the next meeting Link and system simulation results showing the gain over an SU-MIMO configuration in a correlated fading environment. In this contribution we present these simulation results and also propose to introduce an additional CQI term for interference indication or an alternative CQI definition as is highlighted above.  Additionally we need to limit the number of scheduled UE’s per SB to the number of transmit antennas.
2 Numerical Simulations

We perform both link and system simulations to determine an optimum CQI feedback structure, as well as to quantify the gains of MU-MIMO over SU-MIMO. We simulated the following configurations:

1. A 1x2 Baseline Non-MIMO configuration

2. A 2x2 SU- MIMO configuration. Note that in a correlated environment this configuration will always operate in a Rank 1 state
3. Some 2x2 MU-MIMO configurations.
a. MU-MIMO where each UE reports CQI based on the rank 1 SU-MIMO codebook  using MRC calculations 

b. MU-MIMO where each UE reports CQI based on the full rank SU-MIMO codebook using MMSE calculations. Note that during data reception the UE may still use MRC receiver here. 

c. MU-MIMO where each UE reports CQI based on MRC calculations, and an additional term to indicate the difference between the MMSE and MRC CQI’s.  Note that during data reception the UE may still use MMSE interference suppression receiver here.
2.1 System Simulations

The simulations assumptions are inline with the agreed scenario of spatial multiplexing for the scheduled traffic channels as is described in TR25.812 [1], Case 1. The detailed simulations assumptions are summarized in Table 1. 
Table 1 System Simulation Assumptions

	Parameter
	Value

	Transmission  Bandwidth
	10 MHz

	NFFT
	1024

	Usable sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Subframe duration
	1 ms

	Number of OFDM symbols per sub-frame
	12 (data) & 2 (control)

	ISD
	500m

	Resource Block size (RB)
	12 tones

	SubBand Size
	5RB’s 

	Channel Model
	SCM (Macro Urban)

	Tx & Rx Antenna spacing
	½ Lambda

	Mobile Speed
	3 km/hr

	Target FER
	1%

	MCS Levels
	QPSK: 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5

QAM16:  ½, 3/5, 2/3, ¾,4/5
QAM 64: 3/5, 2/3, 3/4, 4/5

	HARQ
	Chase Combining, max 6 transmissions

	UE’s per Cell
	10,16

	5 Bit quantizations
	-7 to 23 dB in 1dB increments

	Receiver
	MMSE-IRC

	Number of TX x RX antenna configurations
	2x2

	SubBand size for CQI reporting, Rank adaption, Precoder selection and scheduling
	5RB’s

	Channel Estimation
	Ideal

	CQI Reporting
	Every 8 TTI, delayed by 3 TTI, per SubBand


The system performance results for the different schemes simulated are shown in Figure 1and the CDF of the User throughputs are shown in Figure 2. The UE does MMSE-IRC processing, this enabled the UE to switch between MRC and MMSE processing based on the changing interference situation and transmission rank. In all cases we used a single precoder matrix of 
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In the case where the UE reported an MRC CQI as well as a delta to the MMSE CQI, the UE selected a column representing an MRC CQI and also calculated an MMSE CQI assuming the other column in the matrix as interference. In the case where the UE reported only the MMSE CQI (the CQI based on the FULL RANK SU-MIMO codebook), the UE would only report the MMSE CQI. For the case where the UE reported a CQI based on the RANK 1 SU-MIMO codebook (referred to as MRC CQI), the codebook consisted of the following vectors
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The UE selected the vector that would maximise the MRC CQI. The eNB scheduler in this case would only schedule UE’s together that reported a CQI on orthogonal vectors. 

The legends in the figures are as follows:

· 1x2 Base: A 1x2 Baseline Non-MIMO configuration

· 2x2 SU-MIMO: A 2x2 SU-MIMO configuration. Note that in a correlated environment this configuration will always operate in a Rank 1 state
· 2x2 MU-MIMO: MMSE CQI Only: 2x2 MU-MIMO where each UE reports CQI based on the full rank SU-MIMO codebook using MMSE calculations. Note that during data reception the UE may still use MRC processing here in the absence of interference. 

· 2x2 MU-MIMO: MRC CQI Only: 2x2 MU-MIMO where each UE reports CQI based on the rank 1 SU-MIMO codebook using MRC calculations. Note that during data reception the UE may still use MMSE interference suppression here. 

· 2x2 MRC CQI +Delta MMSE: MU-MIMO where each UE reports CQI based on MRC calculations, and an additional term to indicate the difference between the MMSE and MRC CQI’s
2.2 Link Simulations

The simulations assumptions are inline with the agreed scenario of spatial multiplexing for the scheduled traffic channels as is described in TR25.812 [1]. The detailed simulations assumptions are summarized in Table 2. The differences to the system simulation assumptions are printed in bold.
Table 2 Link Simulation Assumptions

	Parameter
	Value

	Transmission  Bandwidth
	5 MHz

	NFFT
	512

	Usable sub-carriers
	300

	Sub-carrier spacing
	15 kHz

	Subframe duration
	1 ms

	Number of OFDM symbols per sub-frame
	12 (data) & 2 (control)

	Resource Block size (RB)
	12 tones

	SubBand Size
	5RB’s 

	Channel Model
	SCM (Micro Urban & Urban Macro)

	Tx & Rx Antenna spacing
	½ Lambda for Tx, 2 lamda for Rx (Macro)
½ Lambda for Tx, ½ lamda for Rx (Micro)

	Mobile Speed
	3 Km/Hr

	Target FER
	10%

	MCS Levels
	QPSK: 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5

QAM16:  ½, 3/5, 2/3, ¾,4/5
QAM 64: 3/5, 2/3, 3/4, 4/5

	HARQ
	Chase Combining, max 6 transmissions

	Number of UE’s/Cell  (all at same geometry)
	5

	5 Bit quantizations
	-7 to 23 dB in 1dB increments

	Receiver
	MMSE

	Number of TX x RX antenna configurations
	2x2

	SubBand size for CQI reporting, Rank adaption, Precoder selection and scheduling
	5RB’s

	Channel Estimation
	Ideal

	CQI Reporting
	Every 8 TTI, delayed by 3 TTI, per SubBand


The Link performance results for the different schemes simulated are shown in Fig.3 & Fig.4. The UE does MMSE-IRC processing, this enabled the UE to switch between MRC and MMSE processing based on the changing interference situation and transmission rank.  In all cases we used a 1-bit matrix codebook of 
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Where the UE could select a column representing an MRC CQI calculated an MMSE CQI assuming the other column in the matrix as interference. For the case where the UE reported a CQI based on the RANK 1 SU-MIMO, the codebook consisted of the following vectors


[image: image5.wmf]þ

ý

ü

î

í

ì

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

-

ú

û

ù

ê

ë

é

j

j

1

1

1

1

1

1

.

The legends in the figures are as follows:

· 2x2 SU-MIMO: A 2x2 SU-MIMO configuration. Note that in a correlated environment this configuration will always operate in a Rank 1 state
· 2x2 MU-MIMO: MMSE CQI Only: 2x2 MU-MIMO where each UE reports CQI based on the FULL rank SU-MIMO codebook (MMSE) calculations 

· 2x2 MU-MIMO: MRC CQI Only: 2x2 MU-MIMO where each UE reports CQI based on the rank 1 SU-MIMO codebook (MRC) calculations 

· 2x2 MU-MIMO: MRC CQI + Delta MMSE: MU-MIMO where each UE reports CQI based on MRC calculations, and an additional term to indicate the difference between the MMSE and MRC CQI’s
2.3 Discussion

From the system simulation results in a correlated fading scenario we observe that the current working assumption of reporting a single CQI based on the rank 1 SU-MIMO case leads to a 10% LOSS relative to the non-MIMO Baseline. The main cause for this loss is that the reported CQI does not account for the interference when scheduled in MU-MIMO. If we instead reported the CQI based on the FULL rank SU-MIMO case we obtain a 14% - 19% GAIN relative to the Base. If we reported both Rank 1 and the Delta we have a 20% - 33% GAIN relative to the Base, because now the CQI is accurate and we gain the additional link adaptation as well as the rank adaptation gain. 
These results are summarized in Table 3 while the link simulation results are in Table 4 and Table 5. Note that due to the correlated fading environment, the SU-MIMO operates only in the rank 1, case, which means a very small increase in Cell throughput but a significant increase in cell edge throughput due to the virtual antenna selection gain. Another interesting phenomenon is that the MRC + Delta MMSE scheme have much more multi-user diversity gains than the other feedback schemes. 
Table 3 Summary of  System Gains (%) in Cell Throughput over Base with 10UE’s
	UE/cell
	Base
	MMSE
	MRC
	MRC+MMSE
	SU-MIMO

	10
	0
	14.10   
	-10.55    
	19.22    
	6.98

	16
	2.13    
	18.49   
	-9.09    
	33.47    
	9.07


Table 4 Summary of  Link Gains (%) in Cell Throughput over SU-MIMO (Micro)

	SNR
	 0
	   5
	  10
	  15
	  20

	MRC+MMSE
	10.48
	  11.36
	  25.25
	  68.15
	  95.33

	MMSE
	7.87
	   9.75
	  24.84
	  68.15
	  95.33

	MRC
	-7.71
	 -21.58
	 -22.77
	   6.69
	  56.20


Table 5 Summary of  Link Gains (%) in Cell Throughput over SU-MIMO (Macro)
	SNR
	   0
	   5
	  10
	  15
	  20

	MRC+MMSE
	   5.90
	   4.84
	  12.25
	  47.05
	  80.90

	MMSE
	   0.86
	   0.03
	  10.29
	  47.01
	  80.90

	MRC
	  -9.09
	 -25.46
	 -32.84
	 -12.98
	  40.94


3 Summary

We described an alternative CQI feedback structure for multi-user MIMO together with system simulations. The simulations compared this effect on the performance. We propose either the MU-MIMO CQI be

1. Identical to the FULL Rank SU-MIMO CQI

2. or that an additional term to the RANK 1 SU-MIMO CQI be signalled indicating the difference to the FULL Rank SU-MIMO CQI

3. The maximum number of scheduled UE’s per SB be less than the number of transmit antennas

4 References
[1] 3GPP TR 25.814, “Physical Layer Aspects for Evolved UTRA”, September 2006.
[2] Samsung, “Reference signal structure for 4-TX antenna MIMO”.
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Figure 1 The 5% User throughput vs. Cell throughput
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Figure 2 CDF of User Throughput
[image: image8.emf]0 2 4 6 8 10 12 14 16 18 20

1

2

3

4

5

6

7

8

Geometry (dB)

Cell Throughput(bps/Hz)

Urban Macro, (Tx,Rx) = (0.5



,0.5



)  spacing

2x2 MU-MIMO :MRC CQI + Delta MMSE

2x2 MU-MIMO: MMSE CQI only

2x2 SU-MIMO

2x2 MU-MIMO: MRC CQI only


Figure 3 Link Simulation for SCM (Urban Macro)
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Figure 4 Link Simulation for SCM (Urban Micro)
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