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Abstract

In this document, the performance of TxAA is conducted in terms of throughput enhancement from numerical simulations of various type of TxAAs, i.e. mode 1, mode 2 and STD, to find out which mode is more suitable for throughput enhancement. From this simulation results, two noticeable conclusions are founded. One of them is that mode 2 is most effective for interference mitigation since its highest resolution of beamforming weight and another is that multiuser filtering in transmitter side may not give gain for interference mitigation because of limited resolution of TxAAs, where multiuser filtering is operation to minimize interference with some user’s TxAA beamforming weights.
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1. Introduction
During R5 HSDPA discussion, much time has been spent to discuss about TxAA applicability on HSDPA. Yet, mode 1 is accepted but mode 2 is left as FFS (For the Further Study) in the previous #28 Espoo meeting since mode 2 have some unclear aspects although its performance difference is not yet significant over mode 1. 
However, this view is only from focusing on circuit transmission but not fully considering of high speed packet transmission characteristic. In fact, in high speed packet transmission, there are two major characteristics which are multiuser diversity scheduling and short duration of frame size in terms of TxAA relationship. By proper utilizing of these two characteristics, TxAA can be used not only for reliability enhancement from diversity operation but also for throughput enhancement from interference mitigation.

Thus in this document, the performance of TxAA is conducted in terms of throughput enhancement from numerical simulations of various type of TxAAs, i.e. mode 1, mode 2 and STD, to find out which mode is more suitable for throughput enhancement. From this simulation results, two noticeable conclusions are founded. One of them is that mode 2 is most effective for interference mitigation since its highest resolution of beamforming weight and another is that additional processing for multiuser filtering in transmitter side may not give gain for interference mitigation because of limited resolution of TxAAs, where additional processing for multiuser filtering is operation forcing to minimize interference with some user’s TxAA beamforming weights, e. g. Winner filtering operation.
TxAA with multiuser diversity scheduling
Until now, several discussions conducted in WG1 about space-time multiuser diversity which is TxAA with multiuser diversity scheduling in Figure 1 [1]

 REF _Ref24198481 \n \h 
 \* MERGEFORMAT [2]

 REF _Ref24198483 \n \h 
 \* MERGEFORMAT [3]. These kinds of approach give a significant throughput gain just with nowadays TxAA structures in the specification for HSDPA, since antenna diversity and multiuser diversity are co-operated simultaneously. Furthermore, it is noteworthy that this gain is come, however, without using of additional receiver antennas in UE, so these methods are most practically attractive.
Especially, in [1] it was shown that the cooperation of TxAA and multiuser diversity would give potential throughput gain, in [2] modification of TxAA operation for this objective was shown in detail and in [3] open loop approach for similar objective was proposed.
In this document, about potential throughput gain of these approaches is described in section 2 and the performance differences between open loop and closed loop space-time multiuser diversity are compared by numerical simulations in section 3. Additionally, ambiguity of CQI definition for TxAA in R5 HSDPA specification is conducted in section 4. The conclusion is conducted in the last section.
2. Potential throughput
It was well known that if we use multiple antennas in Rx as well as in Tx, theoretically channel throughput would be increased. However, in this case, not only we need to use multiple antennas in Rx, usually in UE, but also we need to send more that one streams into one user, simultaneously. In contrary, as it was noted above, in these approaches, it is possible to increase a system throughput for HSDPA with TxAA system without this kind of additional cost.
To compare between with multiple antennas in Rx and without multiple antennas in Rx, each capacity without multiuser diversity is shown in Figure 2 which are described by Eqn. (1) for MIMO (SVD), Eqn. (2) for Mu-MISO (ZF) and two numerical calculations for Mu-MISO (MF) and Mu-MISO (WF), where SVD means a Tx filtering from Singular Value Decomposition, ZF means Tx filtering from Zero Forcing filter, MF means Tx filtering from Matched Filtering filter, WF means Tx filtering from Winner Filter and Mu-MISO means Multiple User MISO system.
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where N is number of Tx antennas and number of Rx antennas, simultaneously, 
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 is i-th eigen value from SVD of Tx-Rx channel matrix in Figure 1, 
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With combination of multiuser diversity on this transmit diversity system, the Mu-MISO performance will approach into the MIMO performance.
3. Open loop vs Closed loop
As in the Figure 3 which is from [2], the test performance of these approaches with TxAA mode 2 seems to be better than the test performance of these approaches with TxAA mode 1 in 3 km/h mobility environments since mode 2 weight resolution is higher than mode 1.
To analyze the reason of above results, various theoretical simulations are conducted as in Figure 4.
Simulation parameters

For simulation in Figure 4, table 1 is used for environment parameters.

Table 1. Simulation parameters
	Parameters
	Value
	Parameters
	Value

	#Antennas (Tx:Rx)
	2:1
	Delay profile
	Flat (1-path)

	Channel
	Rayleigh fading
	UE speed
	ideal

	Multiuser filtering
	MF: Matched Filter

ZF: Zero forcing Filter

WF: Winner Filter

ZFq: Quantized ZF

WFq: Quantized WF
	Antenna correlation
	0%

	
	
	TxAA assumption
	ideal

	
	
	TxAA mode
	Ideal, mode 1 & 2, STD

	
	
	Measure

(Capacity)
	Base on SINR [2]
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Simulation results
In (a) of Figure 4, it is shown that both ZF and WF is around 2bps better than MF for ideal (no) quantization case. In (b) of Figure 4, it is shown that mode2 is approach to ideal performance for MF case and STD is worst. In (c), (d), (e), (f) of Figure 4, if the resolution of feedback is fixed case, e.g. mode 1, mode2, STD, then the performance of each filter method is stable, although, according to the filtering method, i.e., MF, ZF and WF. Of cause, higher resolution case, e.g. mode, ZF and WF is slightly better than MF.
To help further understanding, mode 1 and mode 2 can be categorized closed loop space-time multiuser diversity and STD can be categorized open loop since only CQI feedback is sufficient for STD case. From this simulation, closed loop scheme may give larger potential gain over open loop scheme exception of its complexity increase.

4. CQI definition
For proper operation for this scheme, clear CQI definition for TxAA is required. Actually, in section 6A.2 Channel quality indicator (CQI) definition of TS 25.214, for TxAA, it is stated that “CQI(
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 but in case of TxAA mode 1 and TxAA mode 2 case, both of values are similar but definitely not exactly same. Thus, it should be changed as following
· For STTD, 
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· For TxAA, 
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 would be used
for proper denotation where L is number of time resolvable multipaths.
5. Conclusion
In this document, the performance of TxAA was conducted in terms of throughput enhancement from numerical simulations of various types of TxAAs, i.e. mode 1, mode 2 and STD, to find out which mode is more suitable for throughput enhancement. From this simulation results, two noticeable conclusions were founded. One of them is that mode 2 is most effective for interference mitigation since its highest resolution of beamforming weight and another is that multiuser filtering in transmitter side may not give gain for interference mitigation because of limited resolution of TxAAs, where multiuser filtering is operation to minimize interference with some user’s TxAA beamforming weights. In addition, it was pointed out that for proper operation of TxAA with multiuser scheduling that CQI definition for TxAA should be updated in the TS 25.214.
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Figure 1 Closed loop space time multiuser diversity for 2 user case
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Figure 3 Closed loop space-time multiuser diversity with TxAA (3km/h)
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Figure 4 Open loop vs Closed loop: Ideal, TxAA mode I, II, STD
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		1		3.2		3.51E-02		8		7.61E-03		4.70E-02		960		3		999		2877120		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		1		5.2		5.35E-02		10		5.66E-03		4.80E-02		960		3		999		2877120		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		7		3.2		6.87E-02		8		9.94E-03		5.17E-02		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		6		3.2		6.87E-02		8		9.88E-03		5.38E-02		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		5		3.2		6.87E-02		8		1.00E-02		5.69E-02		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		4		3.2		6.87E-02		8		1.00E-02		5.79E-02		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		3		3.2		6.87E-02		8		1.01E-02		5.89E-02		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		2		3.2		6.87E-02		8		1.03E-02		6.41E-02		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		6		1.2		5.03E-02		6		1.32E-02		6.44E-02		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		7		1.2		5.03E-02		6		1.30E-02		6.44E-02		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		0		3.2		3.51E-02		8		8.56E-03		6.51E-02		960		3		999		2877120		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		5		1.2		5.03E-02		6		1.33E-02		6.56E-02		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		3		1.2		5.03E-02		6		1.35E-02		6.69E-02		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		4		1.2		5.03E-02		6		1.33E-02		6.69E-02		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		0		3.2		3.90E-02		8		7.49E-03		6.91E-02		960		3		999		2877120		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		2		1.2		5.03E-02		6		1.38E-02		7.34E-02		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		1		3.2		6.87E-02		8		1.06E-02		7.76E-02		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		1		1.2		5.03E-02		6		1.39E-02		8.75E-02		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		6		1.2		6.53E-02		6		2.21E-02		9.36E-02		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		7		1.2		6.53E-02		6		2.21E-02		9.36E-02		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		0		5.2		5.35E-02		10		6.79E-03		9.81E-02		960		3		999		2877120		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		5		1.2		6.53E-02		6		2.22E-02		9.93E-02		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		4		1.2		6.53E-02		6		2.24E-02		1.03E-01		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		3		1.2		6.53E-02		6		2.27E-02		1.07E-01		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		2		1.2		6.53E-02		6		2.27E-02		1.09E-01		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		0		1.2		5.03E-02		6		1.58E-02		1.25E-01		960		3		777		2237760		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		1		1.2		6.53E-02		6		2.28E-02		1.27E-01		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		7		-0.8		9.51E-02		4		3.31E-02		1.37E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		5		1.2		9.93E-02		6		3.14E-02		1.40E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		6		1.2		9.93E-02		6		3.14E-02		1.40E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		7		1.2		9.93E-02		6		3.12E-02		1.40E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		5		-0.8		9.51E-02		4		3.32E-02		1.42E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		6		-0.8		9.51E-02		4		3.33E-02		1.42E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		4		-0.8		9.51E-02		4		3.36E-02		1.48E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		4		1.2		9.93E-02		6		3.17E-02		1.49E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		3		1.2		9.93E-02		6		3.15E-02		1.52E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		3		-0.8		9.51E-02		4		3.37E-02		1.53E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		7		-0.8		1.02E-01		4		3.57E-02		1.57E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		2		1.2		9.93E-02		6		3.17E-02		1.57E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		5		-0.8		1.02E-01		4		3.55E-02		1.60E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		6		-0.8		1.02E-01		4		3.53E-02		1.60E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		0		3.2		6.87E-02		8		1.30E-02		1.66E-01		960		3		967		2784960		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		4		-0.8		1.02E-01		4		3.60E-02		1.67E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		2		-0.8		9.51E-02		4		3.38E-02		1.67E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		3		-0.8		1.02E-01		4		3.57E-02		1.73E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		1		1.2		9.93E-02		6		3.22E-02		1.77E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		2		-0.8		1.02E-01		4		3.61E-02		1.79E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		0		1.2		6.53E-02		6		2.52E-02		1.82E-01		960		3		534		1537920		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		1		-0.8		9.51E-02		4		3.49E-02		1.92E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		1		-0.8		1.02E-01		4		3.68E-02		1.98E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		0		-0.8		9.51E-02		4		3.79E-02		2.58E-01		960		3		365		1051200		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		0		1.2		9.93E-02		6		3.52E-02		2.72E-01		960		3		356		1025280		0.333333		2		1		2		1		0		0		7		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 17:56:27 2002

		0		-0.8		1.02E-01		4		4.00E-02		2.96E-01		960		3		318		915840		0.333333		2		1		2		1		0		0		8		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		64		1		1		1		Tue Oct 08 15:18:16 2002

		5		-2.8		1.51E-01		2		8.29E-02		3.33E-01		960		3		150		432000		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		6		-2.8		1.51E-01		2		8.18E-02		3.33E-01		960		3		150		432000		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		7		-2.8		1.51E-01		2		8.21E-02		3.33E-01		960		3		150		432000		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002

		4		-2.8		1.51E-01		2		8.34E-02		3.40E-01		960		3		150		432000		0.333333		2		1		2		1		0		0		6		2		0.00E+00		1		3.00E+00		2.00E+00		2.40E-01		1		1		1		1		Tue Oct 08 14:30:41 2002
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