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1. Introduction

Introduction of 8PAM for HSUPA requires higher post-receiver E-DPDCH SINR values of up to approximately 25 dB that is about 5 dB higher than the maximum post-receiver SINR needed for the 4PAM operation. The indicated SINR values assume the operation at 10% BLER level after the 1-st H-ARQ transmission. Hence, an increase of the maximum absolute E-DPDCH power (defined by βed) by at least 5 dB should be supported in the system. This can be accomplished by either increasing the maximum E-DPDCH gain factors (βed/βc ratios) or increasing the baseline DPCCH pilot level (defined by βc) by changing the DPCCH SIR target (that is used as a starting point for βc definition).

This document reviews the rationales behind following each of the approaches and proposes to keep the current maximum E-DPDCH gain factor (βed/βc ratio) at the 8PAM introduction unchanged.
2. E-DPDCH SINR Increase for 8PAM
As indicated in the introduction, a mechanism should be supported in the system to be able to provide the maximum E-DPDCH power level by about 5 dB higher relative to the legacy 4PAM systems when 8PAM is used. The ways to increase the E-DPDCH power (~βed2) include increasing the maximum E-DPDCH gain factor (βed/βc), which would trigger corresponding changes in the specifications, or increasing the SIR target (~βc2​) when operating 8PAM, which is an implementation parameter. 

The benefit of increasing the maximum E-DPDCH gain factor (βed/βc) is that the DPCCH power level is not increased and, hence, the relative pilot overhead is reduced. However, the quality of the DPCCH reception is an important factor of the system performance since the DPCCH is used to get the initial channel estimate that is further applied for E-DPCCH decoding. Too low DPCCH power will lead to poor E-DPCCH performance and inability to correctly decode the E-DPDCH channel. As the intersymbol and interstream interference is dominant for high RX Ec/No operation, the quality of the DPCCH-based channel estimation will be degrading for constant DPCCH power if RX Ec/No is increased.
The results of a study on the DPCCH SIR target impact on the system performance have been presented in [2]. According to [2], the E-DPCCH BLER grows when the RX Ec/No is increased (that confirms the dominant impact of inter-symbol and inter-stream interference) and the DPCCH SIR target of at least -14 dB (if measured before despreading) is required to achieve the BLER of ~1% for RX Ec/No equal to 20 dB. In that case the average E-DPDCH to DPCCH power ratio has been estimated as 26 – 31 dB for different channel models. The maximum allowed E-DPDCH to DPCCH power ratio defined the maximum βed/βc ratios for the 2xSF2+2xSF4 code combination can be estimated as:
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Hence, considering the results from [2], even transmitting below the current maximum βed/βc ratio of 33 dB the E-DPCCH BLER already reaches ~1% due to inter-symbol and inter-stream interference. Hence, a further potential increase of RX Ec/No to fully utilize the 8PAM capacity should only be done increasing βc (DPCCH SIR target) as, otherwise, the system performance will be substantially degraded by the E-DPCCH performance. 

Taking the last consideration into account, it is proposed to keep the current maximum E-DPDCH gain factors (βed/βc ratios) unchanged. The additional increase of the E-DPDPCH absolute power level should only achieved through the DPCCH power increase.
3. Proposed Modification of E-DPDCH Gain Factors Tables
As the maximum E-DPDCH gain factors (βed/βc ratios) are proposed to be kept unchanged, the only changes of the E-DPDCH gain factor tables in TS 25.213 [1] should include indication of the 8PAM modulation applicability.
It is assumed that 8PAM, as a high rate technique, is only applicable for the boosted transmission. Hence, tables 1.B1and 1.B2 from [1] for the non-boosted case should be kept unchanged (i.e. 8PAM should not be used with the non-boosted transmission).
For the gain factors of the boosted case, tables 1B.2A and 1B.2B define the quantization levels for E-DPDCH and ed,k/c. The 8PAM modulation is proposed to be applicable for all cases when 4PAM is also applicable. 

The proposed updated table 1B.2A for 3GPP TS 25.213 [1] is shown below.
Table 5. Proposed table 1B.2A for 3GPP TS 25.213 [1]
	Signalled values for   E-DPDCH
	Quantized amplitude ratios  

 Aed =ed/c
	E-DPDCH modulation schemes which may be used in the same subframe

	31
	377/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	30
	336/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	29
	299/15
	4PAM, 8PAM

	28
	267/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	27
	237/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	26
	212/15
	BPSK, 4PAM, 8PAM

	25
	189/15
	BPSK, 4PAM, 8PAM

	24
	168/15
	BPSK, 4PAM, 8PAM

	23
	150/15
	BPSK, 4PAM, 8PAM

	22
	134/15
	BPSK, 4PAM, 8PAM

	21
	119/15
	BPSK, 4PAM, 8PAM

	20
	106/15
	BPSK, 4PAM, 8PAM

	19
	95/15
	BPSK, 4PAM, 8PAM

	18
	84/15
	BPSK, 4PAM, 8PAM

	17
	75/15
	BPSK, 4PAM, 8PAM

	16
	67/15
	BPSK, 4PAM, 8PAM

	15
	60/15
	BPSK, 4PAM, 8PAM

	14
	53/15
	BPSK, 4PAM, 8PAM

	13
	47/15
	BPSK, 4PAM, 8PAM

	12
	42/15
	BPSK, 4PAM, 8PAM

	11
	38/15
	BPSK

	10
	34/15
	BPSK

	9
	30/15
	BPSK

	8
	27/15
	BPSK

	7
	24/15
	BPSK

	6
	21/15
	BPSK

	5
	19/15
	BPSK

	4
	17/15
	BPSK

	3
	15/15
	BPSK

	2
	13/15
	BPSK

	1
	11/15
	BPSK

	0
	8/15
	BPSK


The proposed updated table 1B.2B for 3GPP TS 25.213 [1] is shown next.
Table 5. Proposed table 1B.2B for 3GPP TS 25.213 [1]
	Quantized amplitude ratios  
ed,k/c
	E-DPDCH modulation schemes which may be used in the same subframe

	377/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	336/15
	4PAM, 8PAM (applicable only for SF2 code in a 2xSF2+2xSF4 configuration)

	299/15
	4PAM, 8PAM

	267/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	237/15
	BPSK (applicable only for SF2 code in a 2xSF2+2xSF4 configuration), 4PAM, 8PAM

	212/15
	BPSK, 4PAM, 8PAM

	189/15
	BPSK, 4PAM, 8PAM

	168/15
	BPSK, 4PAM, 8PAM

	150/15
	BPSK, 4PAM, 8PAM

	134/15
	BPSK, 4PAM, 8PAM

	119/15
	BPSK, 4PAM, 8PAM

	106/15
	BPSK, 4PAM, 8PAM

	95/15
	BPSK, 4PAM, 8PAM

	84/15
	BPSK, 4PAM, 8PAM

	75/15
	BPSK, 4PAM, 8PAM

	67/15
	BPSK, 4PAM, 8PAM

	60/15
	BPSK, 4PAM, 8PAM

	53/15
	BPSK, 4PAM, 8PAM

	47/15
	BPSK, 4PAM, 8PAM

	42/15
	BPSK, 4PAM, 8PAM

	38/15
	BPSK

	34/15
	BPSK

	30/15
	BPSK

	27/15
	BPSK

	24/15
	BPSK

	21/15
	BPSK

	19/15
	BPSK

	17/15
	BPSK

	15/15
	BPSK

	13/15
	BPSK

	11/15
	BPSK

	8/15
	BPSK


4. Conclusion

This contribution discusses that 8PAM HSUPA systems should support higher absolute E-DPDCH power levels relative to the legacy 4PAM configuration in order to efficiently utilize the 8PAM capacity. Two approaches to increase the absolute E-DPDCH power level are either to introduce larger E-DPDCH gain factors (βed/βc ratios) or to use higher DPCCH power level by setting an increased DPCCH SIR target. It is demonstrated that no larger E-DPDCH gain factors (βed/βc ratios) should be supported than currently available as otherwise the system performance becomes limited by the E-DPCCH decoding characteristics. The E-DPCCH performance degradation for low DPCCH power appears when the DPCCH becomes noisy by inter-stream and inter-symbol interference and the DPCCH-based channel estimation is not accurate enough to decode the E-DPCCH.
Hence, the only changes of the E-DPDCH gain factor tables in TS 25.213 [1] should include indication of the 8PAM modulation applicability. 8PAM was proposed to be applicable to the non-boosted transmission mode only for all cases where 4PAM is applicable. New E-DPDCH and ed,k/c quantization tables are presented.
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