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1 Introduction

At RAN1#68bis, several contributions discussed the impact of inter-stream interference (ISI) on the primary stream E-TFC selection and E-DPDCH beta factor setting.  For example in [1] the issue is highlighted and it is proposed to use a fixed offset to account for ISI.  In [2] simulations results are provided where the ISI is accounted for by using either a fixed beta factor offsets or a dynamic adjustment in the E-TFC selection.  The results show that a dynamic adjustment scheme offers better performance.  
In this contribution, we investigate the amount of ISI generated on the primary stream for different transport block sizes and channel conditions.
2 Discussion

2.1 Simulation Methodology
The goal of this analysis is to measure the impact of inter-stream interference from the secondary stream on the primary stream.  To isolate this effect, the simulations used ideal channel estimation for both data demodulation and TPI generation with no power on the S-DPCCH, E-DPCCH, and S-E-DPCCH channels.  In addition, both ILPC and OLPC were disabled and simulations use fixed TBS.  A detailed list of the simulation assumptions is in the Appendix.  
To determine the impact of ISI on the primary stream, first the E-DPDCH SIR was measured for rank-1 transmissions for different E-DPDCH beta factors in PA3 and VA3 channels for a 10% BLER target at the first transmission.  Then these simulations were repeated using rank-2 with both the same transport block size and beta factors on the primary and secondary streams.  Note that for the purpose of this experiment, the secondary stream performance is irrelevant.  The E-DPDCH SIR estimate at the 10% BLER are compared for rank-1 and rank-2 transmissions to evaluate the level of ISI.  
More specifically, let SIRed,j, rank-1 be the post-eq estimated E-DPDCH SIR (in dB) required for the 10% BLER target for TBS j for rank-1 transmission, and let SIRed,j,rank-2 be the post-eq required E-DPDCH SIR (in dB) 10% BLER target for TBS j for rank-2 transmission, i.e. in the presence of a secondary stream.  Then the ISIj for the given TBS can be expressed as:
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The ISIj in this case indicates the increase in SIR (in dB) required on the primary stream (post-eq) for TBS j to reach the 10% BLER target in the presence of secondary stream interference.
2.2 Simulation Results

Two TBS were investigated in this experiment (24088 and 30156 bits) and three different E-DPDCH/S-E-DPDCH beta factors (8, 12, 15dB) in PA3 and VA3 channel conditions.  Table 1 presents the ISI on the primary stream, which is calculated as in equation (1)  by taking the difference of the means of the post-receiver E-DPDCH SIR estimates for rank-2 and rank-1 transmissions.  
Table 1
 Inter-stream interference from secondary stream onto primary stream.
	
	
	Post-EQ ISI (in dB)

	Channel
	TBS
	βed/βc=15dB 
	βed/βc=12dB
	βed/βc=8dB

	PA3
	24088
	6.45
	5.78
	3.90

	
	30156
	5.40
	5.20
	3.03

	VA3
	24088
	0.78
	0.92
	0.95

	
	30156
	0.68
	0.40
	1.13


Figure 1 through Figure 4 show the distribution of the ISI for both transport block sizes in PA3 and VA3 channel conditions.  Note the distributions represent the instantaneous per TTI ISI measurement over the length of the simulation.  The negative instantaneous ISI values signify a rank-2 E-DPDCH SIR estimate lower than the corresponding rank-1 E-DPDCH SIR estimate for that TTI.  This effect can be attributed to a combination of channel fading, errors in the SIR estimation and the fact that TPI generation does not account for ISI.
 [image: image2.png]Frequency

0.035

0.03

0.025

0.02

o
=)
2
@

o
=)
2

0.005 -

0

-11-10-8 -7 6-4-3-2 0 1 2 4 56 8 9101113141517181921

1S1[dB]

W TBS 24088





Figure 1: Histogram of ISI for TBS 24088 in PA3 channel with E-DPDCH beta factor = 15dB
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Figure 2: Histogram of ISI for TBS 30156 in PA3 channel with E-DPDCH beta factor = 15dB
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Figure 3: Histogram of ISI for TBS 24088 in VA3 channel with E-DPDCH beta factor = 15dB
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Figure 4: Histogram of ISI for TBS 30156 in VA3 channel with E-DPDCH beta factor = 15dB
Figure 5 and Figure 6 illustrate the autocorrelation of ISI on the primary stream.  The autocorrelation is calculated from the instantaneous ISI values over the length of the simulation and normalized by the variance of the ISI.  
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Figure 5: Autocorrelation of ISI in PA3 channel for E-DPDCH beta factor = 15dB
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Figure 6: Autocorrelation of ISI in VA3 channel for E-DPDCH beta factor = 15dB
2.3 Observations

From Table 1, we can observe that the impact of ISI on the primary stream is greater for PA3 than VA3.  In the case of PA3, ISI results in a minimum of 3dB increase in E-DPDCH SIR for rank-2 and the effect of ISI increases with the E-DPDCH beta factor.  Conversely for VA3, ISI increases the E-DPDCH SIR for rank-2 by a maximum of 1dB and the E-DPDCH beta factor does not have a significant impact on the level of ISI.  The ISI appears to decrease with the coding rate in the case of PA3.  However, further investigation is needed to see if this trend holds with rate adaptation.
From Figure 1 through Figure 4, the distribution of the ISI is similar between transport block sizes in the same channel conditions.  In addition, the variance of the ISI is significantly higher in the PA3 channel compared to VA3 channel conditions.  
From Figure 5 and Figure 6 we can observe the coherence time for the ISI.  We observe that for both PA3 and VA3, the coherence time for the ISI is in the range of 10 TTIs.  Therefore the update rate of the ISI compensation can be slower than TTI rate and closer to frame rate.
From these observations, we conclude the following:
· ISI can be quite significant depending on the channel; for example in PA3 we measured an average ISI in the range of 3 to 6dB

· The range of ISI depends also on the channel; for example the ISI can vary by as much as 12dB in PA3;

· The coherence time of ISI seems to be limited to approximately 10TTIs.

These results motivate the need for an ISI mitigation mechanism for the primary stream. 

3 Conclusion

In this contribution, we provide simulation results measuring the impact of ISI on the primary stream.  We further provide statistics of the ISI.  The results motivate the need for ISI compensation on the primary stream and we propose the following:
Proposal:
An inter-stream-interference compensation offset for the primary stream should be introduced.
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5 Appendix
	Parameter
	Value

	Physical Channels
	E-DPDCH, S-E-DPDCH (rank-2 only), E-DPCCH, S-E-DPCCH (rank-2 only), DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	24088 and 30156

	Modulation
	64QAM

	Number of physical data channels and spreading factor
	2xSF2+2xSF4

	20*log10(βed/βc) [dB]
	15, 12, 8

	20*log10(βec/βc) [dB]
	-200

	20*log10(βsc/βc) [dB]
	-200

	20*log10(βs_ec/βc) [dB]
	-200

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	10 % BLER after 1st H-ARQ attempt 

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	PLmax
	0.33

	PLnon,max
	0.66

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Ideal

	Inner Loop Power Control
	OFF

	Outer Loop Power Control
	OFF

	Propagation Channel
	PA3, VA3

	NodeB Receiver Type
	LMMSE

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF
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