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1 Introduction

In the RAN1#40bis meeting, the E-DPDCH gain factors have been discussed and the following conclusions have been drawn:

· The range for (E-DPDCH is from –10 dB to +21 dB.

· The step size for (E-DPDCH is approximately 1 dB and identical to the RG resolution.

However, the exact quantization for the gain factor (ed was not specified and deferred to the RAN1#41 meeting.

In this contribution, we investigate the actual performance impact of the gain factor quantization for DCH and E-DCH. Based on this performance evaluation, a recommendation on the gain factor quantization is given.

2 “Optimum” gain setting

The optimum gain settings minimize the required Eb/N0 including energy from DPCCH, DPDCHs and 
E-DPDCHs. The optimum gain settings for pilot and data are dependent on

· the NodeB receiver design (channel estimation, multipath searching and tracking, SNR estimation)

· the operating point (BLER for DCH and E-DCH)

· the selected spreading factors (SF)

· the number of simultaneous DPDCHs and E-DPDCHs 

· the physical propagation conditions (Doppler spread, multipath profile)  

The optimum gain settings are a non-linear function with the above dependencies and need to be determined via simulations.

3 Methods for gain factor quantization

For a quantization of the possible gain settings, the resolution and the dynamic range of the gains (ed need to be determined. The dynamic range for (E-DPDCH and therefore also for (ed was derived in [1] for the case that the DPCCH energy is constant and relatively large, with the maximum DPCCH gain chosen to be 15/15.

In this contribution, we follow a different approach and investigate the performance with respect to different ratios between the gains for DPCCH and either DPDCH or E-DPDCH, respectively. Hence, it will be possible to quantify the sensitivity with respect to non-ideal gain settings. The sensitivity with respect to non-ideal gain settings then provides a criterion for selecting the resolution and accuracy of the gain factors to be specified.   

It is desirable in the actual system to jointly optimize the gains including those for DPCCH, DPDCHs, 
E-DPCCH, E-DPDCHs and HS-DPCCH. However, for the purpose of a sensitivity analysis with respect to non-ideal gain settings, it may be justified to consider DPCCH and either DPDCHs or E-DPDCHs only. In Section 4 we investigate the gain setting for DPCCH and DPDCH, and in Section 5 we investigate the gain setting for DPCCH and E-DPDCHs.

4  DPCCH and DPDCH gain factor quantization

In this Section, we investigate the DPCCH and DPDCH gain factor quantization. The motivation for doing so is twofold: Firstly, some results carry over to the case of E-DPDCH quantization and we can also draw on similarities for obtaining the required resolution of the E-DPDCH gain setting. Secondly, we would like to investigate potential performance losses due to the gain quantization as outlined in [2], [3].

4.1 Investigated Scenario

It is suggested in [2], [3] that the word length of the gain factors for DCH could be increased to avoid potential performance losses. These suggestions are based on the observation that there could be a significant difference between the unquantized nominal power relation Aj and the actual gains obtained by quantizing the nominal power relation.

Table 1 shows the computed Beta values when using TFC index 11 as the reference for the UL configuration defined in section 6.10.2.4.1.34 of TS 34.108 (384 UL PS RAB). It also shows the difference in dB between the unquantized nominal power relation Aj as defined in section 5.1.2.5.3 of TS 25.214 and the quantized gain ratio applied when following the quantization rules outlined in section 5.1.2.5.3 of TS 25.214. 

Table 1: Computed Gains for 384 UL PS RAB with reference TFC index 11

	TFC index

(not ordered)
	#of DCCH blocks

(RM=160)
	#of DTCH blocks

(RM=130)
	15xBetaC
	15xBetaD
	Difference between unquantized Aj and actual gain ratio [dB]

	1
	0
	1
	10
	15
	0.34

	2
	0
	2
	7
	15
	0.46

	3
	0
	4
	5
	15
	0.38

	4
	0
	8
	3
	15
	1.81

	5
	0
	12
	3
	15
	0.05

	6
	1
	0
	15
	9
	0.66

	7
	1
	1
	9
	15
	0.66

	8
	1
	2
	7
	15
	0.14

	9
	1
	4
	5
	15
	0.22

	10
	1
	8
	3
	15
	1.73

	11
	1
	12
	3
	15
	0.00


It is clear that the actual gain ratio BetaD/BetaC is significantly different from the unquantized nominal power relation Aj, whereby the difference is 1.81 dB for TFC=4 and 1.73 dB for TFC=10. We investigate the performance impact of the quantization of the nominal power relation as specified in section 5.1.2.5.3 of TS 25.214 for the case of TFC=7,10 and 11. In particular, the required Eb/N0 are obtained when varying the BetaC values. 

The parameter settings used in this investigation are summarized in Table 2.



Table 2: Parameter Settings in Simulations

	
Parameter

	Simulation assumption

	Rake finger timing
	ideal 

	Power control 
	off

	Channel estimation
	low pass filter

	Propagation scenarios investigated
	AWGN, Case 1, Case 2, Case 3, Case 4

	Receiver antennas employed
	2 antennas with uncorrelated signals

	DTCH BLER
	approx. 5%, identical for every propagation scenario considered

	DPCCH slot format
	0 (6 pilot symbols)

	Logical channel
	384 UL PS RAB (as specified in section 6.10.2.4.1.34 of TS 34.108)

	TFC
	10 (as shown in Table 1)

	Gain setting
	(c varied from 1/15, 2/15, ... ,10/15,

(d = 1.0


4.2 Simulation Results for DPCCH/DPDCH gain settings

Figure 1 to Figure 3 show the simulation results obtained when varying the DPCCH gain setting. The required Eb/N0 curves for the different propagation scenarios have been normalized by their minimum, respectively, so that the results shown in Figure 1 to Figure 3 are on the same scale and correspond to losses in the Eb/N0 in dB. For DPCCH gain settings where the required Eb/N0 is larger than the minimum required Eb/N0 for a particular propagation scenario, the additional required Eb/N0 can be considered to be a loss due to the wrong gain setting.
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Figure 1: Losses in Eb/N0 for fixed BLER versu DPCCH gain setting for Reference TFC index 11
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Figure 2: Losses in Eb/N0 for fixed BLER versus DPCCH gain setting for TFC index 10
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Figure 3: Losses in Eb/N0 for fixed BLER versus DPCCH gain setting for TFC index 7
4.3 Discussion of Simulation Results for DPCCH/DPDCH gain settings

As can be seen from Figure 1 to Figure 3, there is a distinct minimum in the losses for every TFC and every specific propagation channel scenario considered. 

The slope of the curves for the losses is quite small around the minimum required Eb/N0 and, hence, the losses due to wrong gain setting are negligible when the gain setting is not too far from the optimum gain setting. In fact, the chosen 4 bits quantization for the gains seems to be sufficient to limit the losses from gain quantization to less than 0.1 dB in the scenarios considered.

When a gain setting has to be chosen without the knowledge of the propagation scenario encountered, the loss due to the sub-optimum choice of the gain factors may become significant. However, this loss cannot be compensated with a finer quantization of the gain settings. Note that in practice the information about the propagation scenario may not be available or may not be used when the TFCS is negotiated.

The computed BetaC gain settings in Table 1 are decreasing when the data rate is increased from TFC=7 to TFC=11. A similar trend, but less pronounced, can be observed with the optimum gain settings shown for AWGN and Case1 propagation scenarios in Figure 1 to Figure 3. However, the simulations shown here do not consider the effects of SNR estimation errors in the inner loop power control and errors in the multipath searching and tracking. When these effects are also considered, the optimum gain settings are closer but not identical to the computed BetaC gain settings from Table 1. For Case 2, Case 3 and Case 4 propagation scenarios, we did not observe a decreasing BetaC when the data rate is increased from TFC=7 to TFC=11. While this behavior may be surprising, it can be explained with the multipath interference that is also increased with the higher DPDCH energy at higher data rates.    

The method of computing the gain settings in section 5.1.2.5.3 of TS 25.214 is necessarily only a coarse approximation of the optimum gain settings as described in Section 2. However, the current standard specification also provides the method for explicitly signaling the gain factors for any particular TFC.

The specification of the gains in the TFCS can take into account the actual NodeB receiver design, the operating point, the spreading factor, and the number of DPDCHs. However, information about the physical propagation conditions may not be available when the TFCS is negotiated and therefore the gain setting will necessarily be sub-optimum in general. In fact, the gain setting may be chosen to be optimum somewhere in the middle of the expected range for the Doppler spreads.

5 E-DPDCH gain factor quantization

Some results obtained in the previous Section for the gain settings for DCH also carry forward to the gain settings for EDCH. In particular, the optimum gain setting is also strongly dependent on the physical channel propagation scenario. When the physical propagation scenario is not known at the time when the E-DPDCH gains are defined, the gain setting is only a coarse approximation of the optimum gain setting. Hence, a high resolution of the gain quantization may not be required.

Some simulations were performed to investigate the E-DPDCH gains setting. We were initially looking at the set of scenarios MCS1 to MCS6 defined in [1]. However, in practice the gain ratio E-DPDCH/DPCCH will not be optimized for transmitting scheduling requests and therefore we do not consider MCS1 and MCS4. We have also observed that MCS3 with only one transmission could be received at low BLER only for the AWGN propagation scenario, which has also been noted in [1]. Similarly, we have observed that MCS6 with only one transmission could be received at low BLER only for the AWGN and Case 1 propagation scenario, but not for Case 2, Case 3 and Case 4 propagation scenarios. Since we want to focus on the dependency with respect to the propagation channel, we show some results for MCS2 and MCS5 as defined in [1] and listed in Table 3. The simulation conditions are summarized in Table 4.




Table 3: Modulation and coding schemes investigated
	MCS as defined in [1]
	TTI [ms]
	Transport block size
	Number of physical channel bits
	E-DPDCH spreading factors
	Coding rate with one transmission
	Number of transmissions considered

	2
	2
	150
	960
	1xSF8
	0.185
	1,2,4

	5
	10
	150
	600
	1xSF64
	0.297
	1,2,4


Table 4: Parameter Settings in Simulations

	
Parameter

	Simulation assumption

	Rake finger timing
	ideal 

	Power control 
	off

	Channel estimation
	low pass filter

	Propagation scenarios investigated
	AWGN, Case 1, Case 2, Case 3, Case 4

	Receiver antennas employed
	1 antenna

	DTCH BLER
	approx. 5%, identical for every propagation scenario considered

	DPCCH slot format
	0 (6 pilot symbols)

	Modulation and Coding
	MCS2 and MCS5 from [1]

	Gain setting
	(ed varied according to 
   (E-DPDCH = -10, -9, ... –1, 0, 1, ..., 20, 21 dB

(c = 1.0 = 15/15

	HARQ offset
	(HARQ = 0 dB


5.1 Simulation Results for DPCCH/DPDCH gain settings

Figure 4 to Figure 9 show the simulation results obtained when varying the E-DPDCH gain setting. The required Eb/N0 curves for the different propagation scenarios have been normalized by their minimum, respectively, so that the results shown in Figure 4 to Figure 9 are on the same scale and correspond to losses in the Eb/N0 in dB. For E-DPDCH gain settings where the required Eb/N0 is larger than the minimum required Eb/N0 for a particular propagation scenario, the additional required Eb/N0 can be considered to be a loss due to the wrong gain setting.

Figure 4 to Figure 6 show the simulation results for MCS2 with 2 ms TTI length for one, two and four transmissions/re-transmissions, respectively. Figure 7 to Figure 9 show the simulation results for MCS5 with 10 ms TTI length for one, two and four transmissions/re-transmissions, respectively. It may be noted that for the case of four transmissions/re-transmissions only results for AWGN and Case 1 propagation scenarios are available.
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Figure 4: Losses in Eb/N0 for fixed BLER versus (E-DPDCH  setting for MCS2 with one transmission
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Figure 5: Losses in Eb/N0 for fixed BLER versus (E-DPDCH  setting for MCS2 with two transmissions
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Figure 6: Losses in Eb/N0 for fixed BLER versus (E-DPDCH  setting for MCS2 with four transmissions
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Figure 7: Losses in Eb/N0 for fixed BLER versus (E-DPDCH  setting for MCS5 with one transmission
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Figure 8: Losses in Eb/N0 for fixed BLER versus (E-DPDCH  setting for MCS5 with two transmissions
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Figure 9: Losses in Eb/N0 for fixed BLER versus (E-DPDCH  setting for MCS5 with four transmissions
6 Comparison of DCH and EDCH gain quantization

There are 29 possible gain ratio settings between DPDCH and DPCCH as shown in Figure 10. There is a finer quantization in the relevant range and a coarse quantization at the extreme values of (23.5 dB. 
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Figure 10: Quantization of the DCH gain ratio

The E-DPDCH gain quantization that has been decided at RAN1#40bis has 32 quantization steps with an equidistant stepsize of 1 dB over the range from –10 dB to +21 dB. 

7 Proposal for the actual E-DPDCH gain quantization

It is proposed that the quantized E-DPDCH gains are specified over the entire range from –10 dB to +27 dB, which also includes the maximum HARQ power offset of 6 dB. Alternatively, the quantized E-DPDCH gains could be limited to +21 dB regardless of the HARQ power offset applied. It is further proposed that the range of E-DPDCH gains is relative to the maximum DPCCH gain setting of 1.0 = 15/15. To obtain an easier comparison with DPCCH gain factors and to simplify the signal scaling in the implementation, it is suggested that the E-DPDCH gain factors are also specified in integer multiples of 1/15. Additionally, a gain setting of 0 is required to switch off E-DPDCH. The computation of the actual quantized E-DPDCH gains is then straightforward. It may be noted that some quantized values thus obtained are identical, e.g. for –10 dB and –9 dB and –6 and –5 dB. One of identical values at the end of the required range, i.e. the value at –10 dB, can be omitted. The quantized E-DPDCH gains are listed in Table 5.


Table 5: Proposed quantized E-DPDCH gains

	(E-DPDCH + (HARQ [dB]
	
[image: image11.wmf]20

10

EDPDCHHARQ

-

D+D

æö

ç÷

èø


	(E-DPDCH + (HARQ [dB]
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	switch off
	0/15
	9
	42/15

	-9
	5/15
	10
	47/15

	-8
	6/15
	11
	53/15

	-7
	7/15
	12
	60/15

	-6
	8/15
	13
	67/15

	-5
	8/15
	14
	75/15

	-4
	9/15
	15
	84/15

	-3
	11/15
	16
	95/15

	-2
	12/15
	17
	106/15

	-1
	13/15
	18
	119/15

	0
	15/15
	19
	134/15

	1
	17/15
	20
	150/15

	2
	19/15
	21
	168/15

	3
	21/15
	22
	189/15
	required only when no limitation at +21 dB is applied

	4
	24/15
	23
	212/15
	

	5
	27/15
	24
	238/15
	

	6
	30/15
	25
	267/15
	

	7
	34/15
	26
	299/15
	

	8
	38/15
	27
	336/15
	


8 Conclusions

It has been shown that small errors in the gain settings or a coarse gain quantization have a relatively small impact on the overall performance. However, the optimum gain setting depends on the channel propagation scenario, which may not be known when the gain settings for DCH and EDCH are specified.  Finally, the quantized values for the E-DPDCH gain settings have been proposed. 
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