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1. Introduction

UL MIMO and 8PAM transmission modes being introduced for HSUPA require higher post-receiver SINR for their operation relative to the legacy modes (SIMO/CLTD and 4PAM). The necessity for higher post-receiver SINR draws a number of further requirements to the system operation including the requirement for higher accuracy of the channel estimation. 
As shown in [1], [2] significant performance degradation relative to the ideal channel estimation case may happen if a standard correlation-based channel estimation algorithm is applied for UL MIMO and/or 8PAM transmissions modes using the maximum allowable pilot power corresponding to the minimum traffic to total pilot offset (ΔT2TP) ratio of 10 dB. Potential solutions to the mentioned problem include applying more advanced signal processing scheme for channel estimation (as considered in [2]), increasing the pilot power by using lower T2TP (as analyzed in [1]), or following both directions simultaneously. 
While an advancement of the signal processing scheme is a matter of implementation, a lower ΔT2TP should be allowed by the standard. This document proposes to allow ΔT2TP to be as low as 6 dB and introduces a corresponding modification to the ΔT2TP table and a supporting extension of the βec/βc quantization ratio.

2. Proposed Modification of ΔT2TP Table

The degradation of the channel estimation accuracy when using 8PAM and UL MIMO comes due the next reasons. For UL MIMO, additional inter-stream interference appears that is not present for SIMO transmission and is limited in CLTD. In addition, non-ideal correlation properties of the used scrambling and spreading sequences become a limiting factor for the channel estimation accuracy at operation in the high SNR regime. As studied in [1], the optimal ΔT2TP may be as low as 2-8 dB when the 8PAM modulation is exploited and the correlation-based channel estimation is used. Contribution [2] demonstrates that accounting for non-ideal correlation properties of the training sequence may compensate for most of the degradation of the correlation-based approach. However, the required signal processing may be prohibitive for actual implementation and some suboptimal algorithms have to be sought.

Given the motivation discussed above, it is concluded that operation of UL MIMO and 8PAM require extending the existing ΔT2TP table to achieve more efficient system operation. It is proposed to include additional ΔT2TP values of 6–9 dB. The minimum value of 6 dB is considered to be sufficient to have a low degradation due to channel estimation when combined more advanced channel estimation algorithms relative to the correlation-based approach). The updated table 1B.0 for 3GPP TS 25.213 [3] is presented below.

Table 1. Proposed table 1B.0 for 3GPP TS 25.213 [3]
	Signalled values for 
 T2TP
	Power offset values 
 T2TP [dB]

	6
	16

	5
	15

	4
	14

	3
	13

	2
	12

	1
	11

	0
	10

	7
	9

	8
	8

	9
	7

	10
	6


3. Proposed Modification of E-DPCCH Gain Factors Table

The introduction of lower ΔT2TP values requires higher E-DPCCH gain factors βec, which should be reflected in the βec/βc quantization table 1B.0A in [3]. The maximum βec/βc ratio will also be influenced by possible E-DPDCH gain factors βed increase because of the 8PAM support. However, the current document assumes that no E-DPDCH gain factors increase is introduced as proposed and justified in [4]. 
Then, the usage of the maximum E-DPDCH gain factor and the minimum ΔT2TP value requires E-DPCCH gain factor βec/βc equal to 328/15 – a 2.8 dB increase relative to the current maximum value. Hence, the table should be extended to cover the required βec/βc range to above 328/15. This contribution proposes a direct extension of the existing table 1B.0A keeping the existing exponential dependence of βec/βc versus the row index with a 2 dB step size. Thus, two extra rows should be added to table 1B.0A in [3]. The proposed updated table is presented below. All legacy values applicable for 4PAM are assumed to be applicable for 8PAM. 

Table 2. Proposed table 1B.0 for 3GPP TS 25.213 [3]
	Quantized amplitude ratios  
ec/c
	E-DPDCH modulation schemes which may be used in the same subframe

	379/15
	4PAM, 8PAM*

	301/15
	4PAM, 8PAM*

	239/15
	4PAM, 8PAM

	190/15
	4PAM, 8PAM

	151/15
	4PAM, 8PAM

	120/15
	BPSK, 4PAM, 8PAM

	95/15
	BPSK, 4PAM, 8PAM

	76/15
	BPSK, 4PAM, 8PAM

	60/15
	BPSK, 4PAM, 8PAM

	48/15
	BPSK, 4PAM, 8PAM

	38/15
	BPSK, 4PAM, 8PAM

	30/15
	BPSK, 4PAM, 8PAM

	24/15
	BPSK, 4PAM, 8PAM

	19/15
	BPSK, 4PAM, 8PAM

	15/15
	BPSK, 4PAM, 8PAM

	12/15
	BPSK, 4PAM, 8PAM

	9/15
	BPSK

	8/15
	BPSK, 4PAM, 8PAM

	6/15
	BPSK, 4PAM, 8PAM

	5/15
	BPSK


*The new values are assumed to be applicable to 4PAM only when UL MIMO is configured.
4. Conclusion

This contribution discusses that improved channel estimation accuracy is needed for operation of the UL MIMO and 8PAM transmission modes and proposed to extend the current range of ΔT2TP to include lower values of down to 6 dB. New ΔT2TP and βec/βc quantization tables are presented and proposed to be adopted.
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