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1 Introduction

In this contribution, we present system level simulations for the proposed D-ASTTD with Sub-Group Rate Control (SGRC) scheme [2]. In the accompanying contribution [2], the same comparison is made on the link level and in [6], the text proposal for inclusion of D-ASTTD-SGRC in the TR25.876 is outlined. 
The performance is compared to the DSTTD-SGRC [3], which is the open loop equivalent of D-ASTTD-SGRC. Full queues are assumed and a Round Robin scheduler is employed. The simulated channel is based on the 3GPP Spatial Channel Model (SCM) [4]. We show that D-ASTTD-SGRC gives a significant cell throughput gain over DSTTD-SGRC in a spatially correlated flat fading environment for both the double data stream configurations (4x4 and 4x2) and the single data stream configurations (2x2 and 2x1). 
This document is organized as follows. In Section 2, we review the post-detection SINR metric used in selecting MCS's. In Section 3, we outline the simulation assumptions and Section 4 contains the simulation results. Finally, the most important conclusions are summarized in Section 5. 
2 Post-detection SINR Metric 
The metrics used for the SINR estimate in D-ASTTD are similar to the DSTTD metrics in [1], but with a small modification, given in the following. Assume a flat fading MIMO channel. The vector 
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 contains the channel coefficients from the i:th transmitter antenna to the receiver antennas at the UE. If we have 4 transmit antennas at the Node B, we can define the channel matrix as 
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. When D-ASTTD is introduced, we weight the signals at transmit antenna 1-4 with the corresponding weights w11, w12, w21, w22, given in [2]. This results in an equivalent channel matrix
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 to be used in the SINR metric of [1]. 

Define the equivalent channel matrix
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Also, define 
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 where Nk is the number of codes used in sub-stream k and 
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. For the MMSE spatial interference suppression filter, the post-detection SINR metric for the two data streams becomes 
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These metrics are more general than the ones for D-STTD in [1] since it allows the two substreams to use an unequal number of codes (use different MCS) which is the more practical case. For the ideal spatial interference suppression receiver, which completely cancels the cross-interference between the two substreams, the post-detection SINR metrics for the two substreams are
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(5)
These different SINR metrics are used in the system level simulator to select MCS's and in the calculation of success/failure for a transmitted block.

3 Simulation Assumptions

Table 1 shows the simulation assumptions used in system simulations. They are basically taken from the SCM text [4]. 
Table 1: Simulation parameters

	Parameter description
	Value
	Comments

	Site to site distance
	3000 m
	As recommended in SCM [4].

	Cellular layout
	Hexagonal grid, 3 sector sites
	

	MIMO configurations
	4x4, 4x2, 2x2, 2x1
	

	Spreading factor
	16
	HSDPA

	Node B
	Total TX Power / Assigned to HS-PDSCH
	20 W / 16 W
	

	
	Antenna gain
	14 dBi
	

	
	Antenna pattern
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	Antenna element distance
	ULA with 10( and 5( spacing
	

	Propa-gation
	Environment type
	Urban and Suburban Macro
	See Table 5.1 in SCM [4] for parameters

	
	Number of paths
	1 (Flat fading)
	N=1 multipaths is used in the SCM [4]

	UE
	Thermal Noise
	Power density -173.9 dBm/Hz measured in 5 MHz bandwidth
	

	
	Noise figure
	9 dB
	

	
	Antenna pattern
	Omni, -1 dBi gain
	

	
	Antenna element distance
	ULA with 2( and 0.5( spacing
	

	
	Speed
	3 or 30 kmph
	

	
	Channel estimation
	Ideal
	

	H-ARQ
	Delay from CQI- report to 1st transmission
	7 slots
	MCS is then assumed to be fixed during all retransmissions

	
	CQI Feedback and ACK/NACK error probability
	0 %
	

	
	Maximum number of retransmissions
	4
	

	
	Delay between retransmissions
	9 slots
	

	ASTTD
	FBI feedback rate
	1 bit/slot
	

	
	FBI feedback error probability
	4 %
	

	
	FBI delay
	1 slot (single stream case)

2 slots (double stream case)
	

	MCS Table
	Same table as in UE category 10
	See [5]

	Post-detection SINR Metric
	Eq. (2),(3) (MMSE receiver)  
Eq. (4),(5) (Ideal receiver)
	For single stream transmission (2x1 and 2x2 schemes), metric (4) is used. 


The SINR metric computation is given in Section 2 and is used to select the MCS at the UE. For the double data stream cases (4x4 and 4x2), the MCS's are selected independently for the two substreams and signalled back to the Node B via an feedback channel.  
4 Simulations results

In this section we compare the performance of D-ASTTD-SGRC with DSTTD-SGRC under the assumptions given in Table 1. We assume that the queues in the Node B are full so there is always data available for transmission and measure the average cell-throughput to study the network performance. A round-robin scheduler is used and thus the cell-throughput is independent on the number of users in the system. Table 2 to Table 5 shows the results for the various antenna configurations. We make a number of observations:
1. With an ideal receiver, the cell throughput gain of D-ASTTD-SGRC over DSTTD-SGRC is 5-7 % for the 4x2 scheme and 7-11 % for the 2x1 scheme. The variation is due to UE speed, antenna element spacing and the MIMO scattering environment.
2. When the number of receive antennas equals the number of transmit antennas, as in the 4x4 and 2x2 schemes, the gain in cell throughput is smaller, 3-5% and 4-7 % respectively for the ideal receiver. Hence, receive diversity makes the use of feedback in D-ASTTD less effective.

3. The MMSE receiver shows good performance when the antenna spacing at the Node B and UE is large (10(,2(), but the cell throughput gain of D-ASTTD over D-STTD  vanish at small antenna spacing (2(,0.5(). With this smaller antenna spacing, the channel coefficients in the channel matrix H becomes more correlated which makes the matrix inversion in the MMSE receiver less well-conditioned and the spatial separation capabilities reduces. This matrix inversion enter in the post-detection SINR metrics for MMSE in (2),(3).  
4. The setting of UE speed to 3 or 30 kmph does not have any significant impact on the cell throughput gain. 

5. The scattering environment (suburban, urban 8(, urban 15() seem to have only a small impact on the cell throughput gain.

Table 2 Cell throughput improvement for the 4x2 D-ASTTD-SGRC scheme over the 4x2 DSTTD-SGRC scheme. Round robin scheduling is used, the queues are assumed to be full and the transport formats are from UEcat10 table in [5], and the SCM model from [4] is used with a single tap (flat fading channel).

	Antenna spacing
	
	Environment

	Node B
	UE
	UE speed
[km/h]
	Suburban
	Urban, 8(  angular spread
	Urban, 15( angular spread

	
	
	
	MMSE receiver
	Ideal receiver
	MMSE receiver
	Ideal receiver
	MMSE receiver
	Ideal receiver

	10(
	2(
	3
	5.6 %
	6.7 %
	5.4 %
	7.3 %
	5.6 %
	7.0 %

	
	
	30
	3.4 %
	6.7 %
	3.7 %
	7.0 %
	4.1 %
	7.2 %

	10(
	0.5(
	3
	2.8 %
	7.7 %
	2.9 %
	7.3 %
	3.3 %
	7.5 %

	
	
	30
	1.3 %
	7.3 %
	1.8 %
	7.6 %
	2.1 %
	7.3 %

	5(
	2(
	3
	1.9 %
	5.6 %
	2.6 %
	6.1 %
	2.0 %
	6.2 %

	
	
	30
	0.3 %
	7.4 %
	0.9 %
	7.3 %
	0.8 %
	7.6 %

	5(
	0.5(
	3
	-0.3 %
	6.0 %
	0.1 %
	6.7 %
	0.8 %
	6.2 %

	
	
	30
	-0.8 %
	7.0 %
	-0.8 %
	7.2 %
	-0.7 %
	7.6 %


Table 3 Cell throughput improvement for the 4x4 D-ASTTD-SGRC scheme over the 4x4 DSTTD-SGRC scheme. Round robin scheduling is used, the queues are assumed to be full and the transport formats are from UEcat10 table in [5], and the SCM model from [4] is used with a single tap (flat fading channel).
	Antenna spacing
	
	Environment

	Node B
	UE
	UE speed [km/h]
	Suburban
	Urban, 8(  angular spread
	Urban, 15( angular spread

	
	
	
	MMSE receiver
	Ideal receiver
	MMSE receiver
	Ideal receiver
	MMSE receiver
	Ideal receiver

	10(
	2(
	3
	3.3 %
	4.0 %
	3.9 %
	4.1 %
	3.7 %
	4.3 %

	
	
	30
	3.2 %
	3.7 %
	3.4 %
	4.1 %
	2.8 %
	4.3 %

	10(
	0.5(
	3
	2.8 %
	4.2 %
	3.5 %
	5.2 %
	3.0 %
	5.2 %

	
	
	30
	2.2 %
	4.2 %
	1.5 %
	4.3 %
	2.4 %
	4.6 %

	5(
	2(
	3
	1.3 %
	3.2 %
	1.7 %
	3.4 %
	1.2 %
	3.5 %

	
	
	30
	-0.1 %
	4.1 %
	0.4 %
	3.8 %
	0.0 %
	4.1 %

	5(
	0.5(
	3
	0.7 %
	3.6 %
	0.7 %
	4.4 %
	0.7 %
	4.0 %

	
	
	30
	-0.4 %
	4.3 %
	-0.5 %
	4.9 %
	-0.4 %
	4.6 %


Table 4 Cell throughput improvement for the 2x1 D-ASTTD-SGRC scheme over the 2x1 DSTTD-SGRC scheme. Round robin scheduling is used, the queues are assumed to be full and the transport formats are from UEcat10 table in [5], and the SCM model from [4] is used with a single tap (flat fading channel).

	Antenna spacing
	
	Environment

	Node B
	UE speed [km/h]
	Suburban
	Urban, 8(  angular spread
	Urban, 15( angular spread

	10(
	3
	8.3 %
	9.4 %
	9.5 %

	
	30
	10.5 %
	11.1 %
	10.4 %

	10(
	3
	8.9 %
	9.3 %
	10.2 %

	
	30
	10.8 %
	10.4 %
	9.4 %

	5(
	3
	7.6 %
	8.0 %
	8.6 %

	
	30
	10.8 %
	10.3 %
	11.3 %

	5(
	3
	8.0 %
	8.8 %
	7.6 %

	
	30
	10.2 %
	11.2 %
	11.1 %


Table 5 Cell throughput improvement for the 2x2 D-ASTTD-SGRC scheme over the 2x2 DSTTD-SGRC scheme. Round robin scheduling is used, the queues are assumed to be full and the transport formats are from UEcat10 table in [5], and the SCM model from [4] is used with a single tap (flat fading channel).

	Antenna spacing
	
	Environment

	Node B
	UE
	UE speed [km/h]
	Suburban
	Urban, 8(  angular spread
	Urban, 15( angular spread

	10(
	2(
	3
	5.2 %
	6.3 %
	6.1 %

	
	
	30
	6.9 %
	7.0 %
	6.7 %

	10(
	0.5(
	3
	6.2 %
	6.7 %
	6.4 %

	
	
	30
	6.9 %
	7.0 %
	7.0 %

	5(
	2(
	3
	4.7 %
	5.1 %
	5.6 %

	
	
	30
	6.6 %
	7.0 %
	6.8 %

	5(
	0.5(
	3
	5.2 %
	5.6 %
	5.4 %

	
	
	30
	6.9 %
	7.6 %
	7.3 %


5 Conclusions

We have compared the D-ASTTD-SGRC proposal with the DSTTD-SGRC using a system level simulator. Under the given assumptions, the D-ASTTD-SGRC shows superior performance for all simulated antenna element spacing, conditioned that a more advanced receiver than the basic MMSE is used. For instance, the MMSE with serial interference cancellation (MMSE-SIC), proposed for DSTTD-SGRC in [1] is one example of such a receiver with performance closer to the ideal than the basic MMSE used here.  The reason is that in MMSE-SIC [1], one of the two substreams is received with the basic MMSE receiver and due to the interference cancellation step; the second substream is received with no cross-stream interference, i.e. the metric for the ideal receiver is used for the second substream. 
It has thus been shown, both by system level simulations in this contribution and link level simulations in [2] that D-ASTTD scheme outperforms the DSTTD scheme by a significant margin. Therefore we suggest to RAN1 to accept the D-ASTTD technology as an additional MIMO candidate technology for consideration within MIMO Working Item. The corresponding text proposal for inclusion in the MIMO technical report, describing the principles of D-ASTTD, is in the accompanying contribution [6].
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� The factor � EMBED Equation.3  ��� assures that the total transmitted power is the same in D-STTD and D-ASTTD. 
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