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1. Introduction
A framework for Release 8 MU MIMO was agreed upon at RAN1#49b in Orlando [1].  In this framework the UE and Node B use the same codebook which is a subset of the SU-MIMO codebook.  In addition the baseline CQI and precoding feedback is the same as rank 1 SU-MIMO.  While these restrictions streamline the potential incorporation of MU-MIMO into Release 8, concern was raised that they may limit the impact of MU-MIMO on system performance and that – when applied with channels with low transmit correlation – performance may actually degrade with respect to SU-MIMO.  This contribution presents simulation results of a MU-MIMO system aligned with the assumptions of [1].  Performance comparisons between MU-MIMO and SU-MIMO systems are presented for both narrow and wide element spacing and with different granularity of precoding and CQI feedback information.
2. Codebook
The codebook used was a subset of the rank 1 SU-MIMO codebook as agreed at the RAN1#49b MIMO Ad Hoc in Orlando. The subset chosen was the set of eight precoding vectors which satisfy the “ULA” property, i.e. have elements with unit magnitude and phase 
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.  The codebook is: 
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3. Signal Model
Suppose there are
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 antennas at the eNB, 
[image: image5.wmf]N

 antennas at the UE, and 
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 data streams are to scheduled. The received signal is
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where 
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and 
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 represent the sum of thermal noise and inter-cell interference.  The inter-cell interference is assumed to be spatially WSS. During system simulation, the serving cell and the six strongest interfering cells to each simulated UE were modeled using the SCM, with spatial covariance determined accordingly.  Interference from cells in the outer rings (i.e. beyond the six strongest cells) was modeled as spectrally and spatially white.  The matrices 
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,are subcarrier-dependent since they depend on the frequency selective channels between the serving and interfering cells respectively.  When no confusion will result  this dependence has been dropped.  

4. Receiver Description
Two receiver types were evaluated.  Both receivers performed the same precoding vector selection and CQI reporting but differed in their combining weight computation. The first receiver did not make use of the knowledge of the interfering user and therefore performed maximal ratio combining (MRC).  The second receiver used the knowledge of the interfering user’s precoding vector to perform MMSE combining of received antennas.  These functions are described in more detail below.
4.1. Precoder Weight Selection
The precoding vector is chosen as with rank-1 SU MIMO.  The UE 1) assumes precoding vector, 
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, 2) calculates the optimum receiver combining vector 
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 assuming the presence of only one user with this precoding vector, 3) calculates the post-combiner SINR, 
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and 4) repeats this procedure for each precoding vector in the codebook and then selects the precoding vector which produces the largest SINR:
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In the simulations, the granularity of the precoding vector feedback is either one vector in each RB, termed full feedback, or one vector for the entire band, termed wideband feedback.  In the latter case, the fed back precoding vector is calculated by averaging over subcarriers: 
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4.2. CQI Reporting

The CQI reported is the SINR at the output of the combiner assuming the transmission of the detected precoding vector, i.e. 
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 and receiver weights chosen to maximize SINR under the assumption of single stream transmission, 
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As with the precoding vector, the CQI is reported either on an RB basis or one value across the entire band.  In the latter case, the expression given above for CQI is averaged over all subcarriers.
4.3. Receiver Weight Calculation
4.3.1. MRC 

With no knowledge of interfering users, the optimal receiver weight vector is maximal-ratio combining: 
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4.3.2. MMSE
Since the interfering vector information is signalled  through the downlink control channel, the receiver can use a different receiver weight vector than used in the calculation of the precoding weight selection.  Given the interfering vector information, the optimum MMSE receiver combining weight vector is [3]
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is the channel matrix for the interfering users.

4.4. Link Abstraction SINR

The output of the combiner may be expressed as
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The first term is the desired signal, the second is the interference from intracell users, and the last term is due to thermal noise and intercell interference.  Defining, 
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4.4.1. MMSE

The SINR achievable with the MMSE solution is given by [3]


[image: image30.wmf]2

21

11111

(HHI)

H

H

MMSEnN

SINREshh

s

-

=+

.

where 



[image: image31.wmf][

]

[

]

112

1

  

T

Ns

MNMs

HHCC

´´-

=

H

LL

.
5. Scheduling
Scheduling was performed as follows:

1. For each RB, rank the proportional fair (ppf) metric of each UE.  
2. Pick the UE with the largest ppf value, this primary UE will be transmitted in any case.
3. Look through the list, find the subset of UEs whose code is orthogonal to the UE chosen in step 2. 

4. If the subset is not empty, pick the UE with the largest ppf metric within this subset and transmit to this UE and the primary UE simultaneously.  Otherwise, transmit the primary UE only.  
.
6. Simulation Results
System simulations were performed according to the assumptions given in the Appendix.  
Two sets of results are presented. The first set compares 4 X 2 MU-MIMO performance with MRC and MMSE receivers.  The second set compares 4 X 2 MU vs. SU MIMO for the MMSE receiver.  
6.1. Receiver Comparison
Sector, average UE, and 5%-tile UE throughputs are compared in Table 1 for MMSE and MRC receivers with the SCM channel model and full bandwidth feedback, i.e. one CQI fed back for the entire band.  With 10 wavelength element spacing, the MMSE receiver provides a 47% improvement in both sector throughput and average UE throughput for similar 5%-tile UE throughput. 
Table 1 MMSE vs. MRC Receiver Comparison for Downlink 4x2 MU-MIMO, 10 Wavelength Spacing, SCM Channel Model, Full Bandwidth Feedback
	
	Receiver 

	
	MMSE Receiver
	MRC Receiver

	Sector Throughput (kbps)
	19175
	 13040

	Average UE Throughput (kbps)
	1918
	1304

	5%-tile UE Throughput (kbps)
	598
	611


6.2. MU vs. SU MIMO
Table 2 through Table 4 compare MU vs. SU MIMO for 10 wavelength transmit array spacing. MU-MIMO throughput is about 7% lower than SU-MIMO for both wideband and full feedback.  While MU-MIMO allows the second spatial channel to be assigned to users other than the primary and thereby offers multiuser diversity, this gain is offset by interference between spatial channels.
Table 5 through Table 7 compare MU-MIMO and SU-MIMO with half wavelength spacing.  MU-MIMO is found to have between 9 and 11% higher sector and average UE throughput compared with SU-MIMO.  As discussed in [2] this may be attributed to the reduced level of intracell interference afforded with a narrow-spaced array in spatial channel models with reasonably small spread in angle of arrival, and to reduced limited SU-MIMO channel rank distribution in this case. 
It should be noted that the PDCCH was not simulated and that each RB is scheduled individually and therefore the pair of users being scheduled is different for each RB.  Results with explicit  PDCCH modeling and the further constraint that the paired UEs assigned the same RBs are given in [6]. With these modified assumptions, the gain of MU-MIMO is significantly reduced.
Table 2: Sector Throughput (kbps) for Downlink MU-MIMO vs. SU-MIMO, 10 Wavelength Spacing
	
	4x2 MU-MIMO
	4x2 SU-MIMO

	Wideband Feedback
	19175
	20594

	Full Feedback
	20956
	22558


Table 3: Average UE Throughput (kbps) for Downlink MU-MIMO vs. SU-MIMO, 10 Wavelength Spacing
	
	4x2 MU-MIMO
	4x2 su-mimo

	Wideband Feedback
	1918
	2060

	Full Feedback
	2096
	2257


Table 4: 5%-tile UE Throughput (kbps) for Downlink with MU-MIMO vs. SU-MIMO, 10 Wavelength Spacing
	
	4x2 MU-MIMO
	4x2 su-mimo

	Wideband Feedback
	598
	545

	Full Feedback
	631
	534


Table 5: Sector Throughput (kbps) for Downlink MU-MIMO vs. SU-MIMO, 0.5 Wavelength Spacing

	
	4x2 MU-MIMO
	4x2 SU-MIMO

	Wideband Feedback
	22240
	20112

	Full Feedback
	21762
	19877


Table 6: Average UE Throughput (kbps) for Downlink MU-MIMO vs. SU-MIMO, 0.5 Wavelength Spacing

	
	4x2 MU-MIMO
	4x2 su-mimo

	Wideband Feedback
	2224
	2011

	Full Feedback
	2177
	1988


Table 7: - 5%-tile UE Throughput (kbps) for Downlink with MU-MIMO vs. SU-MIMO, 0.5 Wavelength Spacing

	
	4x2 MU-MIMO
	4x2 su-mimo

	WidebandFeedback
	834
	735

	Full Feedback
	827
	728


7. Conclusions
The agreed-upon framework for MU-MIMO enables modest (~10%) improvements in sector and user throughput for channels with large eNB antenna correlation such as those arising with narrow-spaced (sub-wavelength) eNB arrays.  The MU-MIMO framework assumptions of [1] realized a loss of performance of MU-MIMO with respect to SU-MIMO when applied to the case of widely-spaced array elements (i.e. uncorrelated transmission).  The degree of performance degradation with narrow spaced arrays and spatial channel models with large angular spreads requires further study. However at the present stage of discussion in RAN1, the network performance gains achievable using MU-MIMO appear quite limited. Furthermore, as shown in [6], with explicit PDCCH modeling and the further constraint that the paired UEs assigned the same RBs, the gain of MU-MIMO can be significantly reduced.
ANNEX A – System Simulation Assumptions
Table 8 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Distance-dependent path loss
	L=120.9 + 37.6log10(.R), R in kilometers @ 0.9GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20/10 dB 

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model [5] SCM-C (Urban Macro, high spread [4]

	Total BS TX power (Ptotal)
	43dBm (1.25MHz),  46dBm (10MHz)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users for full queue traffic model
	10

	AMC
	ON  (2/3<MCS<4.8) , 16 Levels

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols per subframe
	14 (Total)

	Scheduler
	PF (both in time and frequency domain), round-robin
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