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1. Introduction
In this contribution, we combine MIMO with interference co-ordination for fractional soft frequency re-use (soft IC-FFR) radio resource management to evaluate the average user throughput and spectral efficiency for the E-UTRA downlink relative to the reference case of 1x2 Rel.6. Results for MIMO without interference co-ordination were presented in [1, 2]. Results for interference co-ordination and the 1x2 case for E-UTRA were presented in [3]. Macro-cellular deployments with 0.5 km and 1.732 km ISD (case 1 and 3 as specified in TR 25.814) are simulated. 

For interference co-ordination, uniform UE distribution (with same data rate characteristics) is assumed. Moreover, the simple case of 1/3 soft frequency re-use is considered, that is 1/3 of UEs are always regarded as cell edge ones. As shown in [4, 5], this is a pessimistic assumption resulting to at least 10% cell edge throughput losses over semi-static interference co-ordination (also, semi-static interference co-ordination would be necessary for non-uniform UE distribution or traffic requirements). 

Simulation results indicate that static IC-FFR for 2x2 E-UTRA achieves nearly 3x the average user throughput of the reference case, thereby meeting the E-UTRA target, while achieving 2.5x-3.5x the 5% CDF user throughput, thereby meeting or exceeding the E-UTRA target. The corresponding average throughput gain for 4x4 E-UTRA is around 4.6x-5.0x and the 5% CDF user throughput gain is 5.4x-6.5x, both well exceeding the E-UTRA targets. Even higher gain can be obtained with the semi-static approach. It is also demonstrated that the 4x4 per-group rate control (PGRC) scheme achieves nearly the same throughput as per-antenna rate control (PARC) with significantly less feedback overhead for linear and more advanced MIMO receivers 
For the 2x2 case, the E-UTRA targets for average sector and user throughput are barely met while the corresponding target for 5% CDF user throughput is comfortably met. A small bias can then be introduced on the scheduler, which was assumed to be proportional fair in the evaluations, towards cell interior UEs. For example, the scheduler can be between a PF one and a max C/I one. By introducing a small penalty to the throughput of cell edge UEs, while still meeting the E-UTRA target gain, the corresponding target for average cell throughput gain can be more easily met. Obviously, much more flexibility exists, if needed, for the 4x4 case. Unfortunately, results with a somewhat biased scheduler were not available at the time of the submission deadline and will be presented in a following contribution.  
2. Simulation Setup and Assumptions
The simulation assumptions are given in Table 1. The system-level parameters are given in Table 2. The effective SNR is calculated using the EESM method and used for PER calculation. The following schemes are compared:
1. 1x2 Rel.6 HSDPA with Rake receiver

2. 2x2 precoded MIMO with a 2-bit codebook and per-stream rate control for E-UTRA OFDMA. The receiver employs successive interference cancellation. 
3. 4x4 per-antenna rate control (PARC) and 4-iteration successive interference cancellation (SIC) receiver.
4. 4x4 per-group rate control (PGRC) and 2-iteration group-SIC receiver [7]. PGRC is essentially a 4-antenna MIMO scheme with 4 transmission layers but only 2 codewords (e.g. see [1, 6, 7] for details). The group-SIC receiver for PGRC is less complex than the full SIC receiver used in PARC [7].
	Parameter
	Assumption

	Bandwidth
	5 MHz for Rel.6

5 MHz  For E-UTRA

	Channel Models
	ISD=1.732km: SCM Urban Macro [3]

ISD=0.5km: SCM Urban Micro [3]

	UE speed
	3 kmph

	Channel estimation
	Perfect (for both Rel.6 and E-UTRA)

	MIMO detector
	Successive Interference Cancellation for 2 X 2 and 4 X 4 PARC
Group-SIC for 4 X 4 PGRC (see [7])

	Resource Block Bandwidth
	375 kHz 

	MCS (coding scheme is 3GPP Turbo) with target PER = 10%
	QPSK: rate ¼, ½, ¾ 

16QAM: rate ½, ¾  

64QAM: rate 5/8, ¾  

	CQI feedback delay
	2 TTIs

	Scheduling 
	PF, same MCS used for one stream across RBs

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3

	Pilot / Signalling overhead
	No overhead assumed, for both Rel 6 and E-UTRA


Table 1: Simulation Assumptions for Coverage Evaluation

Table 2: System Simulation Parameters
	Parameter
	Macro-cell

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

	Minimum distance between UE and cell site
	35 m

	Site-to-site distance
	0.5 km, 1.732 km [2]

	Antenna pattern
	70-degree sectored beam, 20dB sidelobe

	Total BS Tx power
	43 dBm

	Distance dependent path loss
	128.1 + 37.6log10(d)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0


3. Simulation Results for Two Node B and UE Antennas
In this section, we present simulation results comparing 2x2 E-UTRA against the reference 1x2 Rel. 6 case. The average sector throughput, average user throughput, and 5% user throughput with IC-FFR are given in Tables 3, 4, and 5, respectively. The spectral efficiency can be derived from the average sector throughput by normalizing it with the system bandwidth.
Table 3: Average sector throughput and spectral efficiency with and without IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver

(Sector Thruput (Mbps), Spectral Efficiency)
	2x2 E-UTRA PARC without IC-FFR, 

SIC receiver
	2x2 E-UTRA PARC with IC-FFR, 

SIC receiver

	
	
	(Sector Tput (Mbps), Spectral Efficiency)
	Gain over 1x2 Rel 6
	(Sector Tput (Mbps), Spectral Efficiency)
	Gain over 1x2 Rel 6

	1.732
	4.43 Mbps, 0.89 bps/Hz
	13.4 Mbps, 2.68 bps/Hz
	3.02
	13.1 Mbps, 2.62 bps/Hz
	2.96

	0.5
	5.15Mbps, 1.03 bps/Hz
	16.1 Mbps, 3.22 bps/Hz
	3.13
	16.4 Mbps, 3.28 bps/Hz
	3.18


Table 4: Average user throughput with and without IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver


	2x2 E-UTRA PARC without IC-FFR, 

SIC receiver
	2x2 E-UTRA PARC with IC-FFR, 

SIC receiver

	
	
	User Throughput (Mbps)
	Gain over 1x2 Rel 6
	User Throughput (Mbps)
	Gain over 1x2 Rel 6

	1.732
	0.51 
	1.53 
	3.0
	1.50 
	2.94

	0.5
	0.56
	1.74 
	3.11
	1.77 
	3.16


Table 5: 5% user throughput with and without IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver

(Kbps)
	2x2 E-UTRA PARC without IC-FFR, 

SIC receiver
	2x2 E-UTRA PARC with IC-FFR, 

SIC receiver

	
	
	5% User Throughput (Kbps)
	Gain over 1x2 Rel 6
	5% User Throughput (Kbps)
	Gain over 1x2 Rel 6

	1.732
	115 
	183 
	1.59
	289
	2.51

	0.5
	150
	289 
	1.93
	517 
	3.45


As seen from the above results, 2x2 E-UTRA offers about 3x the spectral efficiency of the reference Rel. 6 1x2 case. Without IC-FFR, the cell-edge throughput gain is only 1.5-1.9x. However, even with static IC-FFR, the cell-edge throughput gain goes up to 2.5x-3.5x, without significant change in the spectral efficiency. Even greater gains are expected with semi-static IC-FFR. Again, note that the cell-edge user throughput gains can be traded off to obtain greater spectral efficiency by changing the fairness of the scheduler.
4. Simulation Results for Four Node-B and UE Antennas
In this section, we present simulation results comparing 4x4 E-UTRA against the reference case of 1x2 Rel. 6. The average sector throughput, average user throughput, and 5% user throughput with and without IC-FFR are given in Tables 6, 7, and 8, respectively. For 4x4 E-UTRA results are presented for per-antenna rate control (PARC) and per-group rate control (PGRC). As described in [6, 7], PGRC significantly reduces feedback and signaling overhead when compared to PARC. Simulation results presented in [6, 7] and below, show that PGRC closely achieves nearly the same performance as PARC. Note also that the 2-iteration G-SIC receiver that is used for PGRC is less complex than the 4-iteration SIC receiver that is used in PARC. For brevity, only results with interference coordination are presented in this section. Results without interference coordination can be found in Appendix 1.
Table 6: Average sector throughput and spectral efficiency with IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver

(Sector Thruput (Mbps), Spectral Efficiency)
	4x4 E-UTRA PARC with IC-FFR, 

SIC receiver
	4x4 E-UTRA PGRC with IC-FFR, 

G-SIC receiver [7]

	
	
	(Sector Thruput (Mbps), Spectral Efficiency)
	Gain over 1x2 Rel 6
	(Sector Thruput (Mbps), Spectral Efficiency)
	Gain over 1x2 Rel 6

	1.732
	4.43 Mbps, 0.89 bps/Hz
	21.6 Mbps, 4.32 bps/Hz
	4.88
	20.5 Mbps, 4.10 bps/Hz
	4.63

	0.5
	5.15Mbps, 1.03 bps/Hz
	27.6 Mbps, 5.52 bps/Hz
	5.36
	26.1 Mbps, 5.22 bps/Hz
	5.07


Table 7: Average user throughput with IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver


	4x4 E-UTRA PARC with IC-FFR, 

SIC receiver
	4x4 E-UTRA PGRC with IC-FFR, 

G-SIC receiver

	
	
	User Throughput (Mbps)
	Gain over 1x2 Rel 6
	User Throughput (Mbps)
	Gain over 1x2 Rel 6

	1.732
	0.51 
	2.47 
	4.84
	2.34 
	4.59

	0.5
	0.56
	3.02 
	5.39
	2.84 
	5.07


Table 8: 5% user throughput with IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver

(Kbps)
	4x4 E-UTRA PARC with IC-FFR, 

SIC receiver
	4x4 E-UTRA PGRC with IC-FFR, 

G-SIC receiver

	
	
	5% User Throughput (Kbps)
	Gain over 1x2 Rel 6
	5% User Throughput (Kbps)
	Gain over 1x2 Rel 6

	1.732
	115 
	622 
	5.41
	622
	5.41

	0.5
	150
	981 
	6.54
	981 
	6.54


As seen from the results, 4x4 E-UTRA obtains nearly 4.4x-5x the spectral efficiency and average user throughput of the reference 1x2 Rel. 6 case. Even greater gains can be expected in hot-spot and micro cell environments. Moreover, the cell edge (5% CDF) user throughput increases by 5.4x-6.4x. Both corresponding E-UTRA targets are exceeded. Similar to the 2x2 scenario, some of the cell edge throughput gain can be traded-off for achieving higher spectral efficiency gain as the former exceeds the corresponding E-UTRA target by a much larger factor. Note that PGRC achieves nearly the same throughput as PARC, though its feedback requirements (CQI and HARQ) are comparable to that of two-antenna deployments.
5. Conclusions
In this contribution, we evaluated the average and cell edge user throughput and spectral efficiency of MIMO for E-UTRA with 2 and 4 transmitter and receiver antennas relative to the reference 1x2 Rel.6 HSDPA with Rake receiver. Case 1 and 3 as specified in TR 25.814 were simulated. We demonstrated that:

· With 2x2 MIMO, E-UTRA can closely approach the 3x average user throughput and spectral efficiency gain E-UTRA target. 
· 4x4 MIMO with per-group rate control (PGRC) offers 4.6x-5.0x gain in spectral efficiency.
· Interference coordination with static soft fractional frequency re-use offers considerable gains in cell-edge throughput without significantly affecting the average user throughput. For 2x2 E-UTRA, the 5% CDF user throughput improves by 2.5x-3.4x relative to the reference Rel. 6 HSDPA case. For 4x4 E-UTRA, the gain is 5.4x-6.5x. Even higher gain can be obtained with the semi-static approach.
· For 4x4 deployments, PGRC closely approaches the throughput of PARC with significantly reduced feedback requirements, in accordance with results presented in [7].
As mentioned in the introduction, some of the cell edge throughput gains can be traded off to improve the average user throughput and spectral efficiency by having the scheduler have a small bias towards cell interior UEs that achieve higher throughput. This is because with IC-FFR, the E-UTRA targets are more easily met for cell edge UEs while the E-UTRA target for average user throughput is more difficult to meet (with or without IC-FFR), especially for the 2x2 E-UTRA. Results with such scheduler biasing will be presented in a subsequent contribution.
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Appendix

Average and cell-edge user throughput for 4x4 E-UTRA without interference coordination are presented in Tables 9-11.
Table 9: Average sector throughput and spectral efficiency

	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver

(Sector Thruput (Mbps), Spectral Efficiency)
	4x4 E-UTRA PARC without IC-FFR
	4x4 E-UTRA PGRC without IC-FFR

	
	
	(Sector Thruput (Mbps), Spectral Efficiency)
	Gain over 1x2 Rel 6
	(Sector Thruput (Mbps), Spectral Efficiency)
	Gain over 1x2 Rel 6

	1.732
	4.43 Mbps, 0.89 bps/Hz
	20.4 Mbps, 4.08 bps/Hz
	4.61
	19.2 Mbps, 3.84 bps/Hz
	4.33

	0.5
	5.15Mbps, 1.03 bps/Hz
	24.8 Mbps, 4.98 bps/Hz
	4.82
	23.6 Mbps, 4.72 bps/Hz
	4.58


Table 10: Average user throughput without IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver


	4x4 E-UTRA PARC without IC-FFR
	4x4 E-UTRA PGRC without IC-FFR

	
	
	User Throughput (Mbps)
	Gain over 1x2 Rel 6
	User Throughput (Mbps)
	Gain over 1x2 Rel 6

	1.732
	0.51
	2.33
	4.57
	2.18
	4.28

	0.5
	0.56
	2.75
	4.91
	2.58
	4.61


Table 11: 5% user throughput without IC-FFR
	ISD

(km)
	1x2 Rel.6 HSDPA

Rake receiver

(Kbps)
	4x4 E-UTRA PARC without IC-FFR
	4x4 E-UTRA PGRC without IC-FFR

	
	
	5% User Throughput (Kbps)
	Gain over 1x2 Rel 6
	5% User Throughput (Kbps)
	Gain over 1x2 Rel 6

	1.732
	115
	447
	3.89
	447
	3.89

	0.5
	150
	631
	4.21
	622
	4.15
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