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1. Introduction
For the E-UTRA it is assumed that both the Node B and UE employ 2 antennas. This facilitates the use of multi-input multi-output (MIMO) techniques. While the use of multiple antennas at the Node B and UE has some potential gain, choosing the set of MIMO techniques that results in the best overall performance requires some extensive study. In previous contributions [2,3] we presented several MIMO OFDMA schemes that are applicable to the downlink E-UTRA with some preliminary simulation results. Among which are the single user and multi user per-antenna rate control (SU-PARC and MU-PARC) for 2-antenna transmitter systems. In particular, preliminary simulation results presented in [2] suggest that MU-PARC can provide up to 30% improvement in spectral efficiency (average sector throughput) over SU-PARC due to the spatial multi user diversity gain.     
This contribution attempts to provide a more thorough throughput comparison between SU-PARC and MU-PARC in the context of the OFDMA E-UTRA. We assume two antennas at both the Node B and UE. In addition to the average sector throughput, percentile user throughputs are also used to compare the two schemes. We demonstrate that the 2-antenna MU-PARC OFDMA provides up to 87% improvement in spectral efficiency over the single antenna OFDMA transmission and 14% improvement in spectral efficiency over the 2-antenna SU-PARC OFDMA scheme. More significant gains are observed in 5% user throughput where the 2-antenna MU-PARC can offer up to 87% gain over the 2-antenna SU-PARC.   
The rest of this contribution is organized as follows. The single and multi user PARC schemes are described in Section 2, followed by the simulation assumptions in Section 3. The simulation results for different scenarios are given in Section 4. Section 5 concludes the contribution.
2. Single user and multi user PARC
Per-antenna rate control (PARC) was first proposed for HSDPA in the context of single user MIMO. The basic idea of the scheme is to obtain a finer granularity in the MCS selection by independent MCS selection across antennas (see [4]). Further improvement can be obtained by adding a channel-responding unitary transformation (also known as the per-stream rate control or PSRC) which can be viewed as a MIMO generalization of Rel.6 TxAA. This scheme is further enhanced by allowing user multiplexing across the independent streams which was proposed as the PU2RC scheme (see [4] for further details). That is, different streams can be assigned to different users thereby resulting in spatial multi user diversity.
In this contribution, we compare the performance of the single and multi user PARC (SU-PARC and MU-PARC) which can be described in Figure 1 and 2, respectively. We assume 2 antennas at the Node B. Note that MU-PARC is equivalent to PU2RC with the identity transformation. For each OFDMA sub-channel, only a single UE can be scheduled in an SU-PARC transmitter. The scheduled UE can transmit 1 or 2 streams depending on its CQI values. For the MU-PARC, however, the transmitter can schedule up to 2 UE’s within a single OFDMA sub-channel. It is clear that MU-PARC should provide additional gain over SU-PARC both in the sector and user throughputs.   
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Figure 1: Single user PARC (SU-PARC) with 2 transmit antennas
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Figure 2: Multi user PARC (MU-PARC) with 2 transmit antennas

In both schemes, each of the active UE’s needs to send the CQI associated with the first and second transmit antennas (CQI(x,1) and CQI(x,2) for each OFDMA sub-channel). Hence both schemes incur the same uplink CQI feedback requirement. The difference lies in the CQI characteristics. For SU-PARC, CQI(x,1) and CQI(x,2) may signify a single CQI corresponding to antenna selection (see [4], where selecting antenna 2 is signified with CQI(x,1) = -M where M is the largest magnitude indicating ∞). In MU-PARC, it is always assumed that the base station transmits 2 data streams. That is, CQI(x,1) and CQI(x,2) indicate the CIR corresponding to antenna 1 and 2.
In terms of the downlink signaling overhead, MU-PARC may result in some additional control overhead as it requires the control channel to indicate the UE assigned to each of the 2 transmit antennas. This is not the case for SU-PARC as the same UE is assigned to both the transmit antennas.
3. Simulation Assumptions
The agreed link level numerology in [5] is applied. Additional simulation assumptions are given in Table 1. Three different localized OFDMA chunk sizes corresponding to 1, 5, and 15 chunks are simulated to assess the performance under different frequency scheduling gains. The exponential effective SIR mapping (EESM) was applied to map the channel conditions to an effective SINR that can be used to determine the expected BLER from the link level AWGN curves. In terms of scheduling, proportional fairness criterion is used. For MU-PARC, the proportional fair scheduling is performed as follows:
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Here R1(k) and R2(k) indicate the throughput associated with antenna 1 and 2 for user k, respectively. RAV(k) refers to the average data rate of user k. The parameters x and y indicate the user associated with antenna 1 and 2, respectively. The system simulation parameters for the macro-cell deployment are shown in Table 2, which are obtained mainly from [5]. Note that two inter-site distance values corresponding to a macro-cell deployment are chosen in this contribution.
Note that all the simulated schemes in this contribution are OFDMA-based.

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Number of frequency chunks for the localized OFDMA
	1 (4.5 MHz per chunk), 5 (900 kHz per chunk), 15 (300 kHz per chunk)

	Channel Models
	Typical Urban 3 kmph

	Modulation scheme

and

Channel coding rate
	QPSK (R = 1/4, 1/2, 3/4),

16QAM (R = 1/2, 5/8, 3/4),

64QAM (R = 5/8, 3/4)

	Scheduling delay
	0

	Scheduling algorithm
	Proportional Fair in time and frequency chunk (MU-PARC also schedules across antennas)

	Number for users per sector
	5, 10, 20, 40

	Target BLER
	10%

	Antenna configuration
	· 1 transmitter, 2 receiver ( (1,2)
· 2 transmitter, 2 receiver for MIMO ( (2,2)

	Spatial correlation (Node B, UE) for (2,2)
	(0%,0%) and (50%,50%)
(1,2): assume 0% correlation for UE antennas

	Traffic model
	Full queue traffic

	MIMO detector
	Iterative MMSE with post-decoding feedback and SIR-based detection ordering


Table 1: Simulation Assumptions for Throughput Evaluation

	Parameter
	Assumption

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

	Minimum distance between UE and cell site
	35 m

	Site-to-site distance
	1.0 km, 2.8 km

	Antenna pattern
	70-degree sectored beam

	Total BS Tx power
	43 dBm

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0


Table 2: System Simulation Parameters for Macro-Cell Deployment 
4. Simulation Results 
Figure 3 depicts the average sector throughput/spectral efficiency as a function of the number of users per sector for different chunk sizes and inter-site distances. Another important metric for assessing the system level gain of MIMO is the user throughput. Figure 4 shows the mean user throughput comparison, followed by the 5%, 50%, and 95% user throughput comparison in Figure 5, 6, and 7, respectively. Tables 3 and 4 summarize the performance comparison between SU-PARC and MU-PARC.
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Figure 3: Average sector throughput vs. no. users per sector: (a) 1 chunk: 1.0 km ISD (b) 1 chunk: 2.8 km ISD (c) 5 chunks: 1.0 km ISD (d) 5 chunks: 2.8 km ISD (e) 15 chunks: 1.0 km ISD (f) 15 chunks: 2.8 km ISD
The sector throughput gain of (2,2) MU-PARC over (2,2) SU-PARC and the (1,2) reference case are approximately 4-15% and  65-87%, respectively. Also, MU-PARC offers more gain over SU-PARC for larger chunk number (higher frequency scheduling gain) and larger cell size (2.8 km ISD). For a given spatial correlation, the gain stays approximately the same as the UE number changes. Notice also that 50% spatial correlation results in approximately 6-7% loss in spectral efficiency for the MIMO schemes.
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Figure 4: Mean user throughput vs. no. users per sector: (a) 1 chunk: 1.0 km ISD (b) 1 chunk: 2.8 km ISD (c) 5 chunks: 1.0 km ISD (d) 5 chunks: 2.8 km ISD (e) 15 chunks: 1.0 km ISD (f) 15 chunks: 2.8 km ISD
While we observe similar trend in the user throughputs (mean, 5%, 50% user throughputs), the gains tend to decrease slightly as the number of users per sector increases. Also, MU-PARC can offer up to 85% gain in 5% user throughput over SU-PARC (see Table 4). In terms of the 95% user throughput where the user geometry is high, the gain of MU-PARC over SU-PARC is expected to be negligible since both the schemes have the same per user peak data rate. In this case, a MU-PARC transmitter tends to schedule the same user for both the antennas which is identical to SU-PARC. 
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Figure 5: 5% user throughput vs. no. users per sector: (a) 1 chunk: 1.0 km ISD (b) 1 chunk: 2.8 km ISD (c) 5 chunks: 1.0 km ISD (d) 5 chunks: 2.8 km ISD (e) 15 chunks: 1.0 km ISD (f) 15 chunks: 2.8 km ISD
As expected, the throughput values change with the cell size. We notice that the lower percentile user throughputs are more sensitive to the change in the cell size. For instance, the 5% user throughput increases by a factor of 2 as the inter-site distance is decreased from 2.8 km to 1.0 km. For the mean user throughput, however, we observe only 25-40% increase. No significant increase is found in 95% user throughput as the peak user data rate is the same regardless of the cell size. Notice also from Tables 3 and 4 that the gain of MIMO over single-antenna is slightly smaller for the 2.8-km inter-site distance. The gain of MU-PARC over SU-PARC, however, is more pronounced for the larger inter-site distance.
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Figure 6: Median (50%) user throughput vs. no. users per sector: (a) 1 chunk: 1.0 km ISD (b) 1 chunk: 2.8 km ISD (c) 5 chunks: 1.0 km ISD (d) 5 chunks: 2.8 km ISD (e) 15 chunks: 1.0 km ISD (f) 15 chunks: 2.8 km ISD
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Figure 7: 95% user throughput vs. no. users per sector: (a) 1 chunk: 1.0 km ISD (b) 1 chunk: 2.8 km ISD (c) 5 chunks: 1.0 km ISD (d) 5 chunks: 2.8 km ISD (e) 15 chunks: 1.0 km ISD (f) 15 chunks: 2.8 km ISD
In summary, (2,2) MU-PARC offers some significant gain over single-antenna transmission as well as (2,2) SU-PARC. While the gain of MU-PARC over SU-PARC in sector throughput is quite modest, the gain in cell-edge (5%) user throughput is more appreciable. The gain becomes more significant in the localized OFDMA as the chunk dependent scheduling is performed. 
Table 3: Average sector throughput and mean user throughput (same relative performance) 
	(2,2) Antenna Corr.
	ISD (km)
	No. frequency chunks
	Gain of (2,2) SU-PARC over (1,2) OFDMA
	Gain of (2,2) MU-PARC over (1,2) OFDMA
	Gain of (2,2) MU-PARC over (2,2) SU-PARC OFDMA

	0%
	1.0
	1
	67-70%
	78-82%
	6-8%

	
	
	5
	62-67%
	78-84%
	10%

	
	
	15
	61-69%
	79-87%
	11%

	
	2.8
	1
	61-67%
	75-83%
	9-11%

	
	
	5
	56-64%
	75-83%
	12-13%

	
	
	15
	55-64%
	75-86%
	13-14%

	50%
	1.0
	1
	60-64%
	70-72%
	4-6%

	
	
	5
	55-58%
	68-73%
	9-10%

	
	
	15
	52-57%
	69-77%
	12-13%

	
	2.8
	1
	56-60%
	66-71%
	6-8%

	
	
	5
	50-54%
	65-72%
	10-12%

	
	
	15
	47-53%
	65-74%
	13-15%


Table 4: 5% user throughput 
	(2,2) Antenna Corr.
	ISD (km)
	No. frequency chunks
	Gain of (2,2) SU-PARC over (1,2) OFDMA
	Gain of (2,2) MU-PARC over (1,2) OFDMA
	Gain of (2,2) MU-PARC over (2,2) SU-PARC OFDMA

	0%
	1.0
	1
	48-86%
	53-95%
	3-15%

	
	
	5
	36-61%
	67-92%
	11-40%

	
	
	15
	35-63%
	62-96%
	14-46%

	
	2.8
	1
	80-90%
	94-99%
	4-8%

	
	
	5
	8-76%
	75-91%
	9-62%

	
	
	15
	5-58%
	68-96%
	15-87%

	50%
	1.0
	1
	41-80%
	45-91%
	2-22%

	
	
	5
	33-56%
	43-92%
	5-17%

	
	
	15
	25-58%
	53-83%
	11-41%

	
	2.8
	1
	51-85%
	55-92%
	2-6%

	
	
	5
	5-61%
	42-79%
	7-46%

	
	
	15
	5-53%
	47-85%
	12-77%


5. Conclusions
In this contribution, two MIMO schemes are studied for the downlink OFDMA E-UTRA: the single user and multi user per antenna rate control (SU-PARC and MU-PARC). Assuming two antennas at the Node B and the UE, we demonstrate via simulations that:

· The SU-PARC OFDMA scheme offers up to 87% increase in spectral efficiency over the single-antenna OFDMA transmission scheme.

· The additional spatial multi user diversity gain inherent in MU-PARC translates to an additional 4% to 15% spectral efficiency gain over SU-PARC. A more significant gain is also observed in terms of the cell-edge user throughput where MU-PARC can offer up to 87% gain over SU-PARC.

· MU-PARC offers more significant gains over SU-PARC in the localized OFDMA as the chunk dependent scheduling is performed. The gain is also more pronounced when the cell size is larger. 
Although more detailed system simulations need to be conducted to further assess the gain offered by the above schemes in different scenarios (such as higher mobility, CQI feedback & measurement error, more advanced MIMO detector, SCM, throughput loss due to signaling overhead), the results presented in this contribution demonstrate the potential of the presented MIMO schemes to improve the throughput of the downlink E-UTRA.
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