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1. Introduction
In this contribution, we propose solutions for two of the outstanding issues w.r.t inclusion of 16QAM in HSUPA –a) Problem of setting PLswitch parameter. b) Augmenting the pilot for high data rates.
2. Setting of PLswitch Parameter
In RAN1#47 bis meeting, it was shown in [4] that 4096 kbps is the optimal switching point between QPSK and 16QAM for a BLER target of 1%. In order to determine the optimal switching point between QPSK and 16QAM for a BLER target of 30%, further simulations were run and the results are summarized in Table 1 below. The simulation assumptions are the same as in [4].

	Data rate (kbps)
	16QAM gain over QPSK (BLER 1%)
	16QAM gain over QPSK (BLER 30%)

	
	PA3
	PB3
	VA30
	TU3
	PA3
	PB3
	VA30
	TU3

	3500
	-0.74
	-.82
	-0.84
	-0.84
	-0.996
	-1.083
	-1. 110
	-1.163

	4096
	-0.001
	-0.002
	-0.001
	-0.002
	-0.183
	-0.200
	-0.219
	-0.241

	4500
	1.11
	1.27
	1.25
	1.28
	1.035
	1.120
	1.187
	1.199

	5500
	3.31
	3.81
	4.01
	3.98
	2.676
	2.943
	3.157
	3.138


Table 1: Optimal Switching Point
It can be observed that with a BLER target of 30%, the optimal switching point will be up slightly above the 4096 kbps line seen for 1% target BLER. However, the deviation is very small and can be neglected. For example, if we revise the switching data rate from 4096 to 4200, it can be shown that the PLswitch value will go down from 0.47 in the current CR draft R1-070590 to 0.46. Therefore, we suggest that we do not change the parameter setting in the current draft CR.
3. Pilot Augmentation
In RAN1#47bis, a problem related to insufficient DPCCH phase reference in HSUPA was discussed extensively by several companies ([1], [2] & [3]). The problem is related to the setting of power level of DPCCH when E-DPDCH is active. According to the current specifications, the uplink DPCCH power level is set such that a given target bit error rate (BER) is achieved on the uplink Transmit Power Control (TPC) bits transmitted on DPCCH. This method of setting the power of DPCCH will result in – 

· Insufficient power headroom to support high data rate E-TFCI’s because of insufficient channel estimation SNR

· Higher total power requirement to achieve a target Block Error Rate (BLER) for a given E-TFCI than the optimal total power that would result when the power of signal providing the phase reference can be independently controlled

This problem exists in Rel-6 [1] and will only exacerbate in Rel-7 with the increased maximum data rate with 16QAM introduction. Three solutions have been proposed to enhance the phase reference [2] – 1) Boosting the power of DPCCH, 2) Boosting the power of E-DPDCH and 3) Additional reference signal. In this document, a method of quantization and signalling of E-DPDCH amplitude ratios and E-DPCCH offset (power boost) is proposed.
3.1. Boosted E-DPCCH as additional pilot
We first state that among all three methods proposed in [2], E-DPCCH boosting seems to be the most promising, and we will use it as the baseline assumption, noting that the method could be easily adapted to the method of defining a new reference signal. The definition of a few symbols concerning this problem is given below:
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The definitions of some more symbols/variables to facilitate the discussion are given below:
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Note that we have included both the existing DPCCH power and additional E-DPCCH pilot power in total pilot power. Our objective is to find a mechanism to specify the additional E-DPCCH pilot power 
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 for a given E-TFCI (or a given data rate), such that with this additional E-DPCCH pilot, the UE should be operating around the ‘optimal T2TP’, or at the bottom of the ‘U’ shaped Eb/Nt vs T2TP curves in [4]. For the 7000 kbps TU channel example shown in  Figure 1 below (extracted from [4]), we can see that the optimal T2TP is around 12 dB, and if we assume the knowledge of 
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, then for this example the additional E-DPCCH pilot
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[image: image7.wmf]2

22

,

212

10

/

1

10

ecb

edc

c

b

bb

b

=-







(2)


[image: image8.emf]0 5 10 15 20

8

9

10

11

12

13

14

T2TP (Traffic to total pilot ratio)

Ec/Nt per antenna

 7000 kbps,TU-12  3km/h

16QAM


Figure 1: Eb/Nt versus T2TP for 7000kbps, TU 3 km/h channel (Extracted from [4])
Following these same simple steps, we can find the optimal T2TP for each data rate and for each channel type, then proceed to solve for the necessary boosted  E-DPCCH pilot power
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. However, fortunately, a close examination of the results in [4] reveals that the optimal T2TPs fall into a small range of [10-14] dB for most of the high data rate region of interest, as shown in Figure 2 below.  Furthermore, observing in Figure 1 that the slope of the U-shaped curve is small around the minimum point, so we can further reduce the range of T2TPs to a single value of 12 dB without significant loss of performance. In fact, it is found from the data in [4] that by further reducing the range from [10-14]dB to a single values of 12 dB, the maximal loss in received Ec/Nt efficiency is around 0.12 dB for data rate ranging from 3500 to 10000 kbps, which is negligible in practical sense.  Furthermore, it was also observed in [1] that this optimal T2TP can take the value of 3-12 dB at the lower data rate region.
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Figure 2: Optimal T2TP as a function of data rate and channel type.

In addition to the optimal T2TP as a function of data rate, we also show in Figure 3 below the required boost in pilot power in order for UE to be operating at optimal T2TP. Note that the nominal DPCCH pilot power used here are as follows:  -21dB for Ped A channel, -20 dB for Ped B channel, -19 dB for Veh A channel, and -20dB for TU channel [2]. It can be observed that the required boost in pilot power ranges from 7-21dB.
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Figure 3: Required boost in pilot power for various data rates and channel types.

3.2. Proposed Approach

Equation (1) shows that for a given E-TFCI, once two out of 3 parameters in the triple (T2TP,
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) are determined,  then all power/amplitude settings are determined for this E-TFCI. Here we propose an approach that specifies quantized values of T2TP and pilot boost
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, and let traffic
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be determined by equation (1).  Alternatively, we can specify quantized values of T2TP and traffic
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, and let pilot boost 
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be determined by equation (1).  The latter approach is closer to the current spec in Rel-6. However, we think the former approach is better in terms of signaling load, since it is known from simulations that overall performance does not suffer significantly from coarse T2TP and boost
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quantization. 
We state below the detailed proposal. The key idea is to replace the existing ∆E-DPDCH signalling with ∆PILOT signaling.
1. Let there be a set of references in ascending order (in TBS size) E-TFCIs, E-TFCI1,…, E-TFCIK
2. For each reference E-TFCI, a 5-bit signal ∆PILOT is defined. The first 2 bits of this signal defines the quantized T2TP values, the last 3 bits of this signal defines the quantization of the pilot boosting
[image: image19.wmf]22

,

/

ecbc

Boost

bb

=

.
3. The quantization of  optimal T2TP and Boost is defined in Tables AA and AB
	First two bits of ∆PILOT
	00
	01
	10
	11

	T2TP (dB)
	3
	6
	9
	12


Table AA: Quantization of the first 2 bits of ∆PILOT  
	Last three bits of ∆PILOT
	000
	001
	010
	011
	100
	101
	110
	111

	Boost (dB)
	0
	5
	10
	13
	16
	19
	22
	25


Table AB: Quantization of the last 3 bits of ∆PILOT  
4. For m-th E-TFCIm, without loss of generality, let it be between two references, i.e., E-TFCIk-1<E-TFCIm <E-TFCIk, then T2TPm = T2TPk, and Boostm is obtained using linear interpolation (in dB).  (Note: the optimal interpolation for this approach is still under investigation).
5. Once T2TPm and 
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is obtained in step 4, we use the definition of T2TP in equation (1) to determine the E-DPDCH/DPCCH ratio:
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6. Important: the quantization table 1B.1 in section 4.2.1.3 of 25.213 for E-DPDCH/DPCCH ratio is no longer needed since 
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for each E-TFCI is already specified by the above procedure.  Accordingly, no ∆E-DPDCH signalling is needed. 
3.3. Change to Absolute Grant Table 
 In addition to the above changes, the AG (absolute grant) table in section 4.10.1A.1 of 25.212 has to be modified to work with 16QAM and high data rates.  The detailed augmentation of the AG table is currently under investigation.
4. Conclusion

In this contribution, we propose solutions for two of the outstanding issues w.r.t inclusion of 16QAM in HSUPA – a) the problem of setting the PLswitch parameter, and b) the issue of augmenting the pilot for high data rates. We suggest keeping the current PLswitch in draft CR. In addition, a solution has been offered for optimising pilot power for E-DPDCH operation. Notably, our proposal for pilot augmentation is flexible and works for a wide range of data rates without adding any signalling overhead. However, there are several open issues regarding pilot augmentation, and further study by RAN1 may be beneficial.
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