
TSG-RAN Working Group 1 meeting #30

R1-030130
January 07th-10th, 2003, San Diego, USA
Agenda Item:
AH32: HSDPA

Source:
Samsung

Title:

Further benefits of the revised definition of CQI for TxAA (R1-030100)
Document for:
Discussion and approval
Abstract

In this document, we present further benefits of the revised definition of CQI for TxAA when it is used with the proposed unified closed loop space time multiuser diversity (CL-ST-MuDiv) scheme. In this statement, CL-ST-MuDiv is combined scheme of TxAA and the multiuser diversity scheduler and unified means that this scheme provides one organized solution for a UE who has any number of receive antennas, e.g. MISO, MIMO. 
To this end, since it gives a significant improvement of capacity, most compatibility and high flexibility, we propose that this scheme should be included R6 further enhancement TR.
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1. Introduction
History of revision

In previous #29 R1 meeting, it is sufficiently agreed to have some revision of CQI definition of TxAA[1] and interesting company have prepared its CR for this meeting though recent discussions on the e-mail reflector[2]
This revised definition dive the possibility of high accuracy feedback of CQI for SINR estimation (or possible throughput estimation) being used in Node-B scheduling. Furthermore, if this definition is used with the previously proposed closed loop space time multiuser diversity (CL-ST-MuDiv) then further benefits is available because of its higher accuracy feedback of CQI.
Closed loop space time multiuser diversity

From the several previous contributions, direct combination with Tx diversity and the multiuser diversity scheduling may give some sacrifices of its original benefits[3]. Instead of this kind of direct combination, new closed loop space time multiuser diversity (CL-ST-MuDiv) scheme as in Figure 1 was proposed where this scheme gives balanced control between diversity and multiplexing. For an instance, different antenna basis (antenna weight vectors) transmit different multiple stream whenever there are already sufficient diversity.
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Figure 1. Closed loop space time multiuser diversity for 2 user case
Codebook for CL-ST-MuDiv

In this scheme, since inherently TxAA feedback as well as simultaneous CQI feedback is used, the resolution of TxAA feedback information bits according to its code book should be carefully designed. In particular, we consider mode 1 (2bits), mode 2 (4bits) and STD (1bit) code book in this document as like as usual 3GPP discussion.
2. Unified CL-ST-MuDiv

Modelling of the received signal

The received multi-user signals y in multiple transmit antennas case can be modeled as
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where W is a transmit weight matrix and P is a diagonal matrix for power allocation into each stream, for open loop (OL) approach for allocating resource as like as transmit power, P = (1/N)IN and for closed loop (CL) approach, each diagonal element of P is determined by the water-filling rule in terms of the distribution of the weight power normalization matrix 
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 as CQI feedback is used for ZF case and let’s call it as namely CL-ZF-MISOs.
Note that further improvement with MMSE filtering is also available.

Capacity prediction criterion

The potential capacity of this CL-ST-MuDiv scheme which is used for throuput estimation in Node-B is equal to
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where Es/No is SNR (Signal to Noise Ratio), H is Tx-Rx channel matrix, power alloaction factor (i between antenna basis which is diagonal element of P in Eqn. (1) is 1/N for open loop approach and is generated from water-filing algorithm for closed loop approach.
Multiple Rx antennas UE case

With multiple receiver antennas, Rx linear filtering is so additionally possible to signel receiver antennas that the channel matrix H for feedback can be replaced with (VH. Further operation, i.e. filtering and capacity calculation can be done by exactly same to above CL-ZF-MISOs case as in Eqn. (2) without loss of generality. Therefore, the potential capacity for this case has same result to below CL-MIMO capacity :
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where (i is i-th eigen value from SVD of Tx-Rx channel matrix in RH=HHH.
Finally, if the channel feedback information is suitably adaptable, then the proposed CL-ST-MuDiv scheme for multiuser MISOs is sufficiently able to used for not only single receiver antenna case but also multiple receiver antenna case, i.e. MIMO, without any performance scarification. Therefore, unified approach is so possible by adoption of this scheme that this is sure high compatible and high flexible scheme to abtain a significant capacity improvement.
An example (Performance comparison)
We compared CL-ST-MuDiv capacity performance among Mu-MISO (4 users, 4x1 Tx-Rx antennas), Mu-MISO (2 users, 4x1 Tx-Rx antennas) & MIMO (1 users, 4x2 Tx-Rx antennas) and MIMO (1 users, 4x4 Tx-Rx antennas) in this simulation, as in Figure 2, the capacity of Mu-MISO is less than MIMO but if number of user is increased more and more then the performance of Mu-MISO will be improved and even better than 1x4x4 fixed MIMO case.
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Figure 2. Mu-MISO (4x4x1), Mu-MIMO (2x4x1) & MIMO (1x4x2), MIMO (1x4x4)

3. Simulation

Simulation target

The performance of CL-ST-MuDiv according to the different CQI definition is considered.
Simulation parameters

Below Table 1 is list of simulation parameters for proper capacity performance comparison.
Table 1. Simulation parameters
	Parameter
	Values

	SNR
	Mean SNR
	Ex/No (Index)

	Idea
	Stream
	Single (1), Flex-Multiple (2), Fix-Multiple (3)

	Metric
	Decision

(Protocol)
	SINR(1), Pseudo SINR: Power (2),

Pseudo SINR: Weighted-Power (3)

SNR: Weighted power, Pseudo SNR:Power

	Mode
	Quantization
	Full (1), TxAA m1 (2), TxAA m2 (3), STD (4)

	Filter
	Filter
	MF (1), ZF (2), WF (3)

	L
	Users
	Integer (L=1,2,…)

	Iter
	Iteration
	Integer (Iter=1,2,…)

	Enc
	Encoding
	Yes, No


Simulation results
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Figure 3. Performance comparison according to the different CQI definition
4. Conclusion

In this document, we present further benefits of the revised definition of CQI for TxAA when it is used with the proposed unified closed loop space time multiuser diversity (CL-ST-MuDiv) scheme. In this statement, CL-ST-MuDiv is combined scheme of TxAA and the multiuser diversity scheduler and unified means that this scheme provides one organized solution for a UE who has any number of receive antennas, e.g. MISO, MIMO. 

To this end, since it gives a significant improvement of capacity, most compatibility and high flexibility, we propose that this scheme should be included R6 further enhancement TR.
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		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

		6		-2.8		1.51E-01		2		7.10E-02		3.40E-01		960		3		147		423360		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		-2.8		1.51E-01		2		7.11E-02		3.40E-01		960		3		147		423360		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		7.21E-02		3.47E-01		960		3		147		423360		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		-2.8		1.51E-01		2		8.37E-02		3.53E-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		7.30E-02		3.54E-01		960		3		147		423360		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		-2.8		1.51E-01		2		7.32E-02		3.67E-01		960		3		147		423360		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		1.72E-01		4		8.43E-02		3.68E-01		960		3		136		391680		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
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