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1 Introduction

At RAN4#67 meeting the final way forward on BS performance requirements for HSUPA MIMO was agreed [1]. According to the agreement, companies should have provided ideal and realistic simulation results of TPI generation performance no later than at RAN4#68 meeting as a basis for final decision on new requirements.
This contribution presents both, ideal (with ideal decoding of E-DPCCH and S-E-DPCCH) and realistic (with realistic decoding of E-DPCCH and S-E-DPCCH) simulation results of TPI generation performance for HSUPA MIMO. 
2 Simulation results 
The plots below present ideal and realistic simulation results of TPI generation performance for HSUPA MIMO according to methodology described in [1]. Results were obtained for FRC11 under ideal and realistic decoding of the E-DPCCH and S-E-DPCCH channels in Ped A, 3 km/h, Ped B, 3 km/h and Veh A, 3 km/h propagation conditions. According to agreements from [1], TPI generation performance for FRC11 should be simulated for one of two values of S-E-DPCCH to DPCCH power ratio (6dB or 8dB). Following section provides, for comparison, simulation results for both values of S-E-DPCCH to DPCCH power ratio.
2.1. Ped A, 3 km/h Channel Model, FRC11
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Figure 1. A dependence of throughput on Rx Ec/No for the MIMO mode with fixed and rational beamforming, Ped A, 3 km/h channel model, ideal (S-)E-DPCCH decoding
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Figure 2. A dependence of throughput on Rx Ec/No for the MIMO mode with fixed and rational beamforming, Ped A, 3 km/h channel model, realistic (S-)E-DPCCH decoding
2.2. Ped B, 3 km/h Channel Model, FRC11
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Figure 3. A dependence of throughput on Rx Ec/No for the MIMO mode with fixed and rational beamforming, Ped B, 3 km/h channel model, ideal (S-)E-DPCCH decoding
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Figure 4. A dependence of throughput on Rx Ec/No for the MIMO mode with fixed and rational beamforming, Ped B, 3 km/h channel model, realistic (S-)E-DPCCH decoding
2.3. Veh A, 3 km/h Channel Model, FRC11
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Figure 5. A dependence of throughput on Rx Ec/No for the MIMO mode with fixed and rational beamforming, Veh A, 3 km/h channel model, ideal (S-)E-DPCCH decoding
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Figure 6. A dependence of throughput on Rx Ec/No for the MIMO mode with fixed and rational beamforming, Veh A, 3 km/h channel model, realistic (S-)E-DPCCH decoding
Table below summarizes Rx Ec/No decreases due to the rational TPI selection at the 70% level of the maximum information bit rate for different channel models, S-E-DPCCH to DPCCH power ratios and ideal and realistic E-DPCCH and S-E-DPCCH decoding for FRC11.
Table 1. Simulated Rx Ec/No decreases due to the rational TPI selection at the 70% level relative to the maximum information bit rate for the MIMO mode, ideal and realistic E-DPCCH and S-E-DPCCH decoding
	Channel model
	S-E-DPCCH/
DPCCH power ratio
	Ideal (S-)E-DPCCH decoding
	Realistic (S-)E-DPCCH decoding

	
	
	Rx Ec/No decrease at 70% of the maximum throughput [dB]
	Rx Ec/No decrease at 70% of the maximum throughput [dB]

	Ped A, 3 km/h
	6 dB
	2.3
	2.1

	
	8 dB
	2.1
	2.3

	Ped B, 3 km/h
	6 dB
	7.4
	7.0

	
	8 dB
	N/A
	N/A

	Veh A, 3 km/h
	6 dB
	2.8
	3.0

	
	8 dB
	N/A
	N/A


The N/A fields in the table above correspond to the cases where the throughput curves do not reach the 70% level because of throughput saturation caused by inter-stream and inter-symbol interference.
As can be noted, simulation results for the ideal and realistic decoding of the E-DPCCH and S-E-DPCCH channels are very close. The reason of similar results for the ideal and realistic decoding is low decoding error rate of E-DPCCH and S-E-DPCCH channels for the given gains factors of FRC11.
Obtained gain of rational beamforming is caused by the fact that for the MIMO mode there are two spatial streams and the channel power gain is maximized by the rational TPI selection only for the primary stream, which may lead to some decrease of the secondary stream power gain. In total, taking into account that Tx powers of two streams are equal, the channel power gain of two streams is practically the same as for the fixed TPI. Total throughput gains of two streams are provided in that case by increasing of the primary stream SINR. As far as the primary stream TBS is higher than the secondary stream TBS, a relative throughput gain at the primary stream due to a higher SINR compensates possible relative throughput losses at the secondary stream. 
However, the same explanation can be used to clarify why the overall gain of rational beamforming is not so high, as can be expected in reality. In conditions assumed for the simulation (i.e. no TPC) both streams are approximately in the same conditions which simply means that the gain on the primary stream is compensated by potential losses on secondary stream. In case of realistic transmission, where power control mechanism is activated, the throughputs (SINRs) on the primary and secondary streams change with different proportions, which leads to more noticeable total gains in comparison to the transmission without TPC, but such configuration is not in line with current simulation assumptions and cannot be the subject of this discussion. On the other hand, noticeably higher Rx Ec/No decrease for the Ped B, 3 km/h channel model, in comparisons to other channel models, is explained by the fact that throughput curves at the level of 70% are flat due to throughput saturation which leads to high Ec/No differences corresponding to small throughput gains (see Figure 3 and 4). For instance, the level of 68% of maximum throughput, which in this case is more accurate, corresponds to Rx Ec/No gain around 2.5dB. Due to that, the final comparison between fixed and rational beamforming should be done in the range of throughput before the curves reach the level of saturation or that results should not be taken into account at all. To conclude, simulation results of rational beamforming gain in form of Rx Ec/No decrease at the level of 70% of maximum are valid only if not obtained at the level of throughput curves saturation. In other case obtained results might be incomparable and erroneous.
In that context, simulation results of Ped B, 3 km/h channel model from Table 1 should not be taken into account in final decision on TPI generation performance requirements because were obtained at the level of throughput curve saturation which gave erroneously high Rx Ec/No decrease of 7dB, since the gain at the range just before throughput saturation is actually no higher than 2.6dB. Therefore, the final results, more accurate from the simulation purpose point of view, are presented in Table 2.
Table 2. Simulated Rx Ec/No decreases due to the rational TPI selection at the 70% (PA3, VA3) and 68% (PB3) level relative to the maximum information bit rate for the MIMO mode, ideal and realistic E-DPCCH and S-E-DPCCH decoding
	Channel model
	S-E-DPCCH/
DPCCH power ratio
	Ideal (S-)E-DPCCH decoding
	Realistic (S-)E-DPCCH decoding

	
	
	Rx Ec/No decrease at 70% of the maximum throughput [dB]
	Rx Ec/No decrease at 70% of the maximum throughput [dB]

	Ped A, 3 km/h
	6 dB
	2.3
	2.1

	
	8 dB
	2.1
	2.3

	Ped B, 3 km/h
	6 dB
	2.5 (68%) or N/A
	2.6 (68%) or N/A

	
	8 dB
	N/A
	N/A

	Veh A, 3 km/h
	6 dB
	2.8
	3.0

	
	8 dB
	N/A
	N/A


This leads to the conclusion that simulation results obtained for simulation assumptions, methodology and fixed reference channel (FRC11) agreed in the last way forward [1], show rational beamforming gain at the actual level of 2-3dB. It has to be noted that this gain was reached under unrealistic assumptions, appropriate only for testing purpose and real implementation gain might be different due to presence of mechanisms not assumed during simulations, like TPC.
Taking the above into account, the relevance of potential TPI generation performance test for HSUPA MIMO seems to be low, inter alia due to relatively low gain obtained from the simulations. Gain at the level of 2-3dB might be in big part covered by implementation margin and test equipment uncertainty, leading to incorrect test results which will make such a test pointless.
As already discussed at previous RAN4 meetings, TPI generation connected test implicates introduction of new testing approach into BS performance specification which is equivalent to preparation of a new chapter. In the context of low relevance of this test, introduction of a new chapter into RAN4 specifications and connected with this work effort seems to be unnecessary.
On the basis of presented argumentation and due to the fact that final decision on TPI generation performance testing for HSUPA MIMO has to be taken at RAN4#68 meeting, the following point is proposed for approval:

Proposal: Do not introduce TPI generation performance test for HSUPA MIMO due to its low relevance as well as high work effort and significant impact on RAN4 specifications not compensable by low relevance of introducing test.
3 Conclusion 
This contribution presents ideal (with ideal decoding of E-DPCCH and S-E-DPCCH) and realistic (with realistic decoding of E-DPCCH and S-E-DPCCH) simulation results of TPI generation performance for HSUPA MIMO transmission, based on the assumptions from [1]. On the basis of obtained simulation results and presented analysis, the following point is proposed for approval:
Proposal: Do not introduce TPI generation performance test for HSUPA MIMO due to its low relevance as well as high work effort and significant impact on RAN4 specifications not compensable by low relevance of introducing test.
Reference

[1] R4-132966, Way forward on BS performance requirements for HSUPA MIMO, Nokia Siemens Networks, QUALCOMM Incorporated, Ericsson, ST-Ericsson 

Appendix
Table A1. Fixed reference channel 11 (FRC11)
	Parameter 
	Unit 
	Value 

	Modulation 
	
	16QAM (E-DPDCH), QPSK (S-E-DPDCH) 

	Maximum. Inf. Bit Rate 
	kbps 
	12159 (4050 for E-DPDCH and 8109 for S-E-DPDCH) 

	TTI 
	ms 
	2 

	Number of HARQ Processes 
	Processes 
	8 

	Information Bit Payload (NINF) 
	Bits 
	24318 

	Binary Channel Bits per TTI (NBIN)
(3840 / SF x TTI sum for all channels) 
	Bits 
	34560 

	Coding Rate (NINF/ NBIN) 
	
	0.704 

	Physical Channel Codes 
	SF for each physical channel 
	{2,2,4,4} 

	E-DPDCH/DPCCH power ratio 

E-DPCCH/DPCCH power ratio 

S-DPCCH/DPCCH power ratio 

S-E-DPCCH/DPCCH power ratio 

S-E-DPDCH/DPCCH power ratio 
	dB
dB
dB
dB
dB 
	19.99
16.03
16.03
[6.02] or [8.07]
19.99

E-DPDCH/DPCCH power ratio is calculated for a single E-DPDCH with SF 4. The power of an E-DPDCH with SF2 is twice that of an E-DPDCH with SF4. 


