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Discussion
1
Introduction

During RAN4#61, the evaluation methodologies and initial simulation assumptions for the study item on enhanced performance requirements for LTE UE were further discussed and approved in [1]. The following input was agreed to be provided by interested companies for RAN4#62 meeting: 

· Provide the link level simulation results based on conditional median DIP

· Provide the link level simulation results based on the “DIP table for weighted average throughput gain study” table provided on 23rd January 2012 by interested companies

· Typical DIP scenario based on the average throughput gain will be defined.

· Provide the system level simulation results by interested companies

· Finalize TR

In this contribution, we provide requested input based on system simulation results. Link level simulation results are presented in a companion paper [2].  

2 
Receiver assumptions and error modelling
Simulation parameters comply with the agreed assumptions in [1] which are also listed in Annex. Full buffer traffic model and hard handover margin of 3dB are assumed. The system level performance is compared for the following receiver structures:

· Rel-8/9 baseline receiver: MMSE option 1 for SU-MIMO transmission [3], which includes the intra-cell interference covariance matrix for the layers in which the UE is being scheduled.
· Rel-8/9 baseline receiver: MMSE option 2 for MU-MIMO transmission [3], which contains the intra-cell interference covariance matrix for the layers in which the UE is being scheduled plus the intra-cell interference covariance matrix of co-scheduled UE on the same PRBs sharing the same transmission point.
· RS-based MMSE-IRC receiver with error modelling via Wishart Distribution (MMSE-IRC Wishart). The following assumptions on modelling the interference covariance matrix estimation at system level have been made:
· Intra-cell interference covariance matrix similar as baseline SU-MIMO/MU-MIMO.
· RS-based inter-cell interference covariance matrix averaging per 1 PRB within 1 subframe:
· CRS locations in OFDM symbols {4, 7, 11} assumed for TM4/TM6: 12 samples per PRB.

· DM-RS locations assumed for TM9: 12 samples per PRB

· In system level the RS-based intra-cell interference covariance matrix is modelled via a Wishart distribution. The [image: image2.png]


, degrees of freedom, of the Wishart Distribution equals the number of RS samples.  As detailed discussed in [5], the receiver filter reads  
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where the 
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can also be considered to be a Wishart random matrix. 

· MMSE-IRC ideal receiver: ideally the receiver possesses the complete knowledge of the interference covariance matrix. 
PUSCH 3-1 CSI feedback mode (i.e. wideband PMI, frequency selective CQI) is assumed.
3 
Simulation results
3.1
Scenario 1 – TM6, TM4
System level simulations for scenario 1 (CRS based transmission modes) were performed following the assumptions in the Annex. The system performance for SU-MIMO with TM4, TM6 and two types of antenna configuration (2x2 ULA-/2 and 2x2 XP) is compared across the mentioned receiver structures. Chosen performance metrics are average cell spectral efficiency (SE) and 5%-tile (cell edge) spectral efficiency. As agreed in [1], the hard handover margin of 3 dB was used.
Table 1: System level performance of TM6, 2x2 XP. 
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline
	1.8121
	0.0411
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	1.8327
	0.0448
	+1.14%
	+8.89%

	MMSE-IRC Ideal
	1.8782
	0.0474
	+3.65%
	+15.11%


Table 2: System level performance of TM4, 2x2 XP. 

	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline
	2.2103
	0.0410
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	2.2212
	0.0448
	+0.49%
	+9.38%

	MMSE-IRC Ideal
	2.2468
	0.0474
	+1.65%
	+15.63%


Table 3: System level performance of TM6, 2x2 ULA-/2.
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline
	1.8935
	0.0518
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	1.9693
	0.0614
	+3.90%
	+18.52%

	MMSE-IRC Ideal
	2.0194
	0.0647
	+6.65%
	+24.83%


Table 4: System level performance of TM4, 2x2 ULA-/2.
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline
	1.9599
	0.0512
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	2.0194
	0.0608
	+3.04%
	+18.75%

	MMSE-IRC Ideal
	2.0565
	0.0656
	+4.93%
	+28.13%


These simulation results show moderate-to-good gains of an MMSE-IRC receiver in a 2 TX scenario with either TM4 or TM6. From Tables 1-4 we can make the following observations: 
· For the ideal IRC receiver structure: the gains of the MMSE-IRC compared to the baseline receiver are ranging from +1.6% to +6.6% in average cell spectral efficiency (SE) and +15% to +28% in cell edge SE for the ideal receiver structure.
· For the more realistic Wishart-based modelling of the RS-based MMSE-IRC: spectral efficiency gains are in the range of 0.5% to 4% in average cell SE and +8% to +18% in cell edge SE. 
· Higher gains are observed in with closely spaced ULA antennas than with cross-polarized configuration. There are two reasons for reduced IRC processing gain with cross-polarized antennas: 1) Less spatially correlated channel wrt. ULA setup and 2) Higher likelihood of rank-2 transmission in neighbour cells. 

System level performance with realistic IRC-MMSE modelling in studied scenarios provides us with good insight on the magnitude of gains to be expected in practice with CRS-based transmission modes.
3.2 
Scenario 2 – TM9
System level simulations for scenario 2 (DM-RS based transmission mode) were performed following the assumptions in Annex. The system performance for SU-MIMO with TM9 rank-1, TM9 with rank adaptation (maximum rank = 2) and two types of antenna configuration (4x2 ULA-/2 and 4x2 XP-4) is compared across the mentioned receiver structures. In addition, MU-MIMO simulations were performed for the 4x2 ULA-/2 antenna configuration and mentioned receiver structures. As agreed in [1], the hard handover margin of 3dB was used.

Table 5: System level performance of TM9, SU-MIMO rank-1 in serving cell, 4x2 ULA-/2. 
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline
	1.8893
	0.0589
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	1.9712
	0.0717
	+4.37%
	+21.74%

	MMSE-IRC Ideal
	2.0066
	0.0768
	+6.21%
	+30.43%


Table 6: System level performance of TM9, SU-MIMO rank-1&2 in serving cell, 4x2 ULA-/2 
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline
	2.1591
	0.0608
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	2.2180
	0.0747
	+2.73%
	+22.81%

	MMSE-IRC Ideal
	2.2432
	0.0755
	+3.89%
	+24.21%


Table 7: System level performance of TM9, MU-MIMO rank-1 per UE in serving cell, 4x2 ULA-/2. 

	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline (Option 2)
	2.5058
	0.0704
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	2.5628
	0.0794
	+2.27%
	+12.73%

	MMSE-IRC Ideal
	2.6001
	0.0848
	+3.76%
	+20.45%


Table 8: System level performance of TM9, SU-MIMO rank-1 in serving cell, 4x2 XP-4. 

	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE baseline
	1.7269
	0.0422
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	1.7581
	0.0461
	+1.80%
	+9.09%

	MMSE-IRC Ideal
	1.8001
	0.0480
	+4.24%
	+13.64%


Table 9: System level performance of TM9, SU-MIMO rank-1&2 in serving cell, 4x2 XP-4.
	
	Average cell SE
[bps/Hz/Sector]
	5% cell edge SE
[bps/Hz/UE]
	Average cell SE gain [%]
	5% cell edge SE gain [%]

	MRC/MMSE Baseline
	2.2268
	0.0427
	+0.00%
	+0.00%

	MMSE-IRC Wishart
	2.2428
	0.0448
	+0.72%
	+4.92%

	MMSE-IRC Ideal
	2.2596
	0.0496
	+1.48%
	+16.25%


The simulation results show moderate gains of an MMSE-IRC receiver on the 4 TX DM-RS scenario 2. From Tables 5, 6, 8 and 9 we can make the following observations concerning SU-MIMO simulations: 
· For the ideal IRC receiver structure: The gains of the MMSE-IRC compared to the baseline receiver are ranging from +1.5% to +6% in average cell SE and from +13.6% to +30% in cell edge SE. 
· For the more realistic Wishart-based modelling of the RS-based MMSE-IRC: gains are in the range of 0.7% to 4.7% in average cell SE and +4.9% to +22.8% in cell edge SE. 
Furthermore, through less important, there are also remarkable gains to be expected for MU-MIMO (see Table 7).

Overall, system level performance with realistic IRC-MMSE modelling in studied scenarios provides us with good insight on the magnitude of gains to be expected in practice with DM-RS-based transmission modes (TM9).
4
Conclusions
In this contribution we provided system level simulation results following the agreed scenarios at link level. Remarkable gains of MMSE-IRC receiver were found in both CRS and DM-RS based studied scenarios, taking into account the impact of modelling of errors in spatial interference covariance matrix estimation.  
Based on this system level performance evaluation and the link level results in [2] it would appear beneficial to specify performance requirements for MMSE-IRC as a Release 11 work item. A corresponding work item description is provided for information in RAN4 in [6].
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Annex – Simulation Assumptions
Table A1: Simulation assumptions for interference modelling.
	Parameter
	3GPP Case 1
	3GPP Case 3

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Inter-site
	500 m
	1732 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	Traffic model
	Full buffer traffic

and non-full buffer/ non-full traffic model (optional)


Table A2: Simulation assumptions for Scenario 1 (CRS based).

	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP case 1 (according to Table A1), fading process SCM NLos UMA 3D
Azimuth spread: 15o, UE speed: 3 km/h

	Base station antenna configuration
	2 antenna elements
ULA 0.5 λ – 45o degrees slant
XP– 45o/-45o degrees slant

	UE antenna configuration
	2 antenna elements
ULA 0.5 λ -  0o degrees slant
XP -  0o/90o degrees slant

	Transmission mode on serving cell
	TM6 (SU-MIMO rank-1)
TM4 (SU-MIMO with dynamic rank-1 & rank-2 adaptation)

	Transmission mode on interference cell
	TM4

	Number of UEs / sector
	10 UEs

	Codebook
	Rel’8 4 TX codebook

	TD-FD scheduler
	Proportional Fair – Proportional Fair

	Number of samples for Wishart Distribution
	N_rs=12 (12 CRS samples)

	Inter-cell interference model
	2 TX transmission with random rank & PMI in interfering cells

	Channel estimation for demodulation
	Realistic (via AVI tables)

	Channel estimation for CSI
	CRS based

	Reference symbol overhead
	2 TX Rel’8 CRS

	PMI
	Wideband over 50 PRB 
5 ms reporting interval
8 ms delay

	CQI
	Sub-band size 6 PRB
5 ms reporting interval
8 ms delay

	OLLA
	Enabled, BLER target 10%

	HARQ
	6 ms ACK/NACK delay
6 processes
Maximum 4 transmissions

	PDCCH
	Only the overhead modelled

	UE noise figure
	9 dB

	Hard handover hysteresis
	3 dB


Table A3: Simulation assumptions for Scenario 2 (DM-RS based).
	Parameter
	Value

	Cellular layout
	Hexagonal, 19 sites, 3 sectors per site

	Traffic model
	Full Buffer

	Simulation scenario
	3GPP case 1 (according to Table A1), fading process SCM NLos UMA 3D

Azimuth spread: 15o, UE speed: 3 km/h

	Base station antenna configuration
	4 antenna elements
ULA 0.5 λ – 45o degrees slant
XP  4 λ – 45o/-45o degrees slant

	UE antenna configuration
	2 antenna elements
ULA 0.5 λ -  0o degrees slant
XP -  0o/90o degrees slant

	Transmission mode on serving cell
	TM9 (SU-MIMO rank-1)

TM9 (SU-MIMO with dynamic rank-1 & rank-2 adaptation)

TM9 (MU-MIMO maximum of 2 paired UEs, 1 layer / UE)

	Transmission mode on interference cell
	TM9

	Number of UEs / sector
	10 UEs

	MU-MIMO Precoding
	Zero Forcing 

	Codebook
	Rel’8 4 TX codebook

	TD-FD scheduler
	Proportional Fair – Proportional Fair

	MU-MIMO scheduler
	Sum Proportional Fair

	Number of samples for Wishart Distribution
	N_rs=12 (12 DM-RS samples)

	Inter-cell interference model
	4 TX transmission with random rank & PMI in interfering cells

	Channel estimation for demodulation
	Realistic (via AVI tables)

	Channel estimation for CSI
	CSI-RS Based

	Reference symbol overhead
	2 TX Rel’8 CRS
DRS overhead: 12 RE / PRB
CSI-RS overhead: 4 RE / PRB, 5 ms interval

	PMI
	Wideband over 50PRB 
5 ms reporting interval
8 ms delay

	CQI
	Sub-band size 6 PRB
5 ms reporting interval
8 ms delay

	OLLA
	Enabled, BLER target 10%

	HARQ
	6 ms ACK/NACK delay
6 processes
Maximum 4 transmissions

	PDCCH
	Only the overhead modelled

	UE noise figure
	9 dB

	Hard handover hysteresis
	3 dB
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