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1 Introduction
Per-Antenna Rate Control (PARC) has been proposed as a candidate MIMO scheme for UTRA-TDD. A detailed description of the PARC encoder/decoder for UTRA-TDD along with link and system level simulation results was presented in R1-050936 [1]. Additional link level simulation results were presented, subsequently in R1-051234 [2]. In this document, we present further system level results, obtained under the simulation parameters agreed in R1-051271 [3].
2 PARC for UTRA-TDD
A detailed description of the PARC scheme for UTRA-TDD is given in Section 2, R1-050936 [1].
3 Link to System Level Mapping
For each TTI simulated, MIMO channel responses between UEs and their respective serving cells are computed as described in [4]. For each UE, the associated MIMO channel response is used to derive the SINR of each transmitted stream at the output of the PARC detector using the methodology described in R1-020327 [5]. The SINR values along with the modulation type and coding rate are then used to lookup a block error probability for each transmitted stream. Finally a coin toss is used to determine if an error has occurred during the transmission of each stream in that TTI.
4 System Simulation Assumptions

As per R1-051017 [2]. 
5 System Simulation Results

System level simulation results are presented for Urban Macro (Scenario I) and Urban Micro (Scenario II) deployment scenarios defined in R1-051271[3]. Additional 6dB isolation of signals from neighbour cells, proposed as an option for Scenario II, is not used. Data throughput statistics are presented for web browsing and full-buffer traffic models. In each case, PARC is compared against receive diversity of the same order.
Figure 1 presents the geometry distribution associated to Scenarios I and II, where the C/I is measured with respect to one UE antenna. Note that the geometry is very similarly distributed in both cases. 
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Figure 1 Geometry Distribution
For the web browsing traffic model, 100 UEs per cell traveling at a speed of 3 kmph are simulated. The results are collected over five drops, where a drop corresponds to a simulation of the system over 20,000 consecutive TTIs (i.e. 200 seconds). A maximum of 12 multi-codes over 8 consecutive timeslots are allocated for HS-DSCH transmissions in each TTI.
	Transmission Scheme
	Average Cell Throughput (Mbps)
	Resource Utilisation
	Packet Call Throughput

	
	
	
	Ave (kbps)
	CDF 

	
	
	
	
	<32k
	<64k
	<128k
	<256k
	<512k
	<1M
	<2M

	Urban Macro 
(Scenario I)
	2x2 PARC
	1.46
	85%
	140
	13%
	24%
	47%
	88%
	100%
	100%
	100%

	
	1x2 RxDiv
	1.30
	97%
	68
	20%
	54%
	91%
	100%
	100%
	100%
	100%

	
	4x4 PARC
	1.72
	59%
	221
	15%
	18%
	29%
	61%
	94%
	100%
	100%

	
	1x4 RxDiv
	1.61
	86%
	117
	3%
	20%
	66%
	96%
	100%
	100%
	100%

	Urban Micro 
(Scenario II)
	2x2 PARC
	1.47
	80%
	142
	10%
	19%
	45%
	90%
	100%
	100%
	100%

	
	1x2 RxDiv
	1.37
	96%
	75
	17%
	48%
	87%
	100%
	100%
	100%
	100%

	
	4x4 PARC
	1.92
	65%
	157
	22%
	29%
	48%
	79%
	99%
	100%
	100%

	
	1x4 RxDiv
	1.81
	95%
	87
	13%
	41%
	81%
	98%
	100%
	100%
	100%


Table 1 Data Throughput Statistics for the Web Browsing Traffic Model
A summary of the cell and packet call throughput statistics for Scenarios I and II, with web-browsing traffic and round robin scheduling is given in Table 1. 2x2 PARC gives approximately 10% increase to the average cell throughput and approximately 100% increase to the average packet call rate, relative to second order receive diversity under both scenarios. Note that, on average, only 80-85% of the transmission resources are used in the case of 2x2 PARC, while almost 100% of the resources are used in the case of receive diversity. This suggests that as more users are added the average cell throughput in the case of 2x2 PARC will further increase while the cell throughput for 1x2 receive diversity would remain the same. Similar relative gains are also observed between 4x4 PARC and fourth order receive diversity.
For the full-buffer traffic model, we simulate a single UE per cell traveling at a speed of 3 kmph. Simulation results for a single user are presented as they can be easily scaled to obtain results for a system with any number of users with full buffer traffic and round robin scheduling. The results are collected over 1000 drops, where each drop corresponds to a simulation of the system over 100 consecutive TTIs (i.e. 1 second). In each TTI, 12 multi-codes over 8 consecutive timeslots are allocated for HS-DSCH transmissions. It is assumed that in each TTI sufficient data is available to fill up the available transmission resource.
The average cell throughput and the distribution of the instantaneous data rate per-TTI for simulation scenarios I and II are given in Table 2. Results given in Table 2 show that the average cell throughput for 2x2 PARC is 25-30% higher relative to the reference case (i.e. second-order receive diversity). In addition, the improvement offered by 4x4 PARC is 45-50% relative to 1x4 receive diversity. 
	Transmission Scheme
	Average Cell Throughput (Mbps)
	Instantaneous Data Rate per-TTI

	
	
	CDF 

	
	
	<256K
	<512K
	<1M
	<1.5M
	<2M
	<4M
	<8M

	Urban Macro (Scenario I)
	2x2 PARC
	1.86
	1%
	1%
	10%
	30%
	58%
	100%
	100%

	
	1x2 RxDiv
	1.42
	2%
	2%
	25%
	68%
	90%
	100%
	100%

	
	4x4 PARC
	2.79
	0%
	0%
	0%
	2%
	13%
	94%
	100%

	
	1x4 RxDiv
	1.93
	0%
	0%
	8%
	37%
	68%
	100%
	100%

	Urban Micro (Scenario II)
	2x2 PARC
	2.00
	0%
	0%
	7%
	26%
	50%
	99%
	100%

	
	1x2 RxDiv
	1.60
	2%
	2%
	20%
	58%
	81%
	100%
	100%

	
	4x4 PARC
	3.11
	0%
	0%
	0%
	1%
	5%
	85%
	100%

	
	1x4 RxDiv
	2.07
	0%
	0%
	6%
	30%
	58%
	100%
	100%


Table 2 Data Throughput Statistics for the Full-Buffer Traffic Model
6 Conclusions

We have presented extensive link and system level simulation results for PARC when applied to UTRA TDD under various simulation conditions. In addition, see [1] and [2]. Simulation results show that PARC, even with two antennas at the transmitter and receiver, offers a consistent and significant throughput improvement over receive diversity under all scenarios that have been studied. Furthermore, rather than a fundamentally new receiver structure, linear PARC receivers for UTRA TDD may be seen as an extension to the multi-user receiver architectures currently used for UTRA TDD. Considering the significant improvement that MIMO can offer, we propose that the MIMO WI be restarted in time for Rel-7.
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