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1 Introduction

In this document, we discuss different options for the computation and signalling of traffic-to-pilot ratios (TPR) and pilot power offsets. We consider the operation of E-DCH with and without the simultaneous presence of a R5 DCH channel. Our analysis takes into account issues such as performance, backward compatibility of the R5 channels and soft-handover (SHO) with legacy NodeBs.  

For all the solutions considered below, the required received pilot Ec/Io varies according to the E-DCH transport format. If any of these solutions were used, then in order to allow smooth operation of power control regardless of E-DCH rate changes, it is desirable to be able to use a differential pilot power corresponding to the new E-DCH transport format relative to the previous E-DCH transport format. We also present the feasible pilot power options for each of the approaches discussed below.

2 Possible Approaches

We evaluate the following options:

1. Jointly Optimal Solution: In the presence of a R5 DCH channel, the TPRs of both the E-DCH and DCH channels can be jointly optimized so as to result in minimum total received Ec/Io, while maintaining desired error performance on the two traffic channels. This is studied here to serve as a benchmark for the best achievable performance. However, this is not a R5 compatible solution since the TPR of DCH would depend on the chosen E-DCH transport format at any time, which could vary at a fast rate. This method requires that the table of optimal TPRs and pilot power offsets be signalled during configuration for the different E-DCH rates. The additional pilot powers have to be applied in the form of a DPCCH pilot boost. This approach yields the optimal solution even in the absence of a simultaneous R5 DCH. 

2. R5 Compatible Optimal Solution:  In this approach, we jointly optimize the TPRs of DCH and a reference E-DCH transport format to minimize the total traffic and pilot received powers. We then hold the DCH TPR at this fixed values for all E-DCH transport formats, thereby ensuring R5 compatibility. The optimal TPRs and required pilot Ec/Io for the other E-DCH transport formats are computed given the chosen (constant) DCH TPR. Since the required pilot Ec/Io are different for different E-DCH transport formats, as above, these pilot power offsets need to be signalled to the UE as a table, which can be applied either as a pilot boost or via a secondary pilot. When the R5 DCH drives outer loop power control (OLPC), pilot boost will not work since OLPC would drive the pilot Ec/Io back to the reference set point. OLPC will need to be driven by the R5 DCH, for instance, when the R5 DCH is in SHO with a legacy NodeB. For this reason, a better alternative is to provide additional pilot power by means of a secondary pilot. The same solution is applicable even to the case when R5 DCH is absent. In this case, the additional pilot power can be applied either as a pilot boost or as a secondary pilot channel. 
3. Nominal TPR Solution: In this approach, the TPRs of R5 DCH and E-DCH are optimized for a certain reference E-DCH transport format, as in Option 2. As before, the DCH TPR is held constant at this value regardless of the E-DCH transport formats. However, in place of signalling a table of optimal TPRs for the other E-DCH transport formats, the TPR for any transport format is made equal to the reference TPR times the ratio of its block size and the block size of the reference transport format. As with Option 2, this scheme could require variable pilot power for the E-DCH (non reference) transport formats. If additional pilot power is required, it cannot be supplied via pilot boost if DCH drives OLPC. On the other hand, DCH can drive OLPC if a secondary pilot is used to provide the extra pilot power. 

The need for additional pilot power has also been addressed in [1,2,3]. The definition of required pilot boost going from one rate to another as proposed by these contributions seems misleading. If one were to use the nominal values for TPRs for each E-DCH transport format (these nominal values having been computed from the TPR for a reference E-DCH transport format as described in Option 3), then in going from one transport format to another, the additional pilot power required should be the difference between the nominal Pilot Ec/Io's of the two transport formats. It should not be (as seems to be the case in [1,2,3]) the difference between the Pilot Ec/Io of the chosen transport format and the optimal Pilot Ec/Io corresponding to the same transport format. The optimal Pilot Ec/Io of the second transport format corresponds to its optimally chosen TPR setting. This optimal TPR setting can be quite different from its nominal TPR setting. Applying an additional pilot power as defined in [1,2,3] would imply large over-allocation of power for all the E-DCH transport formats except the reference transport format and would not help power control convergence when changing transport formats. 

3 Performance Comparison 

We consider, for sake of this exercise, a 10 ms TTI, with the E-DCH transport channel coding and multiplexing implemented as in [1]. HARQ rate matching is assumed, although for comparison, we show results with a single transmission. 

	Block Size
	Number of Codes

	SF
	Code Rate

	336
	1
	32
	0.28

	672
	1
	16
	0.28

	1344
	1
	8
	0.28

	2016
	1
	4
	0.21

	2688
	1
	4
	0.28

	4032
	1
	4
	0.42

	5376
	2
	4
	0.28

	8064
	2
	4
	0.42

	10752
	3
	4
	0.37

	13440
	4
	4
	0.35

	16120
	4
	4
	0.42

	20160
	5
	4
	0.42


Table 1: Rate Table
To compare the above solutions, we first list the simulation assumptions in Table 2. 

	Parameter
	Value

	E-DCH TTI
	10 ms

	E-DCH Data rates 
	See Table 1 for Rate Table

	DCH Rate
	12.2 kbps DTCH + 3.4 kbps DCCH

	Number of Transmissions
	1

	DPCCH Slot Format
	0

	Max. Number of Codes for E-DCH
	5

	E-TFCI Decoding
	Ideal

	Channel Estimation
	Non-ideal

	Inner Loop Power Control
	Enabled

	SIR Estimation for ILPC
	Non-ideal

	ILPC Feedback Delay
	1 slot

	Outer Loop Power Control
	On

	Channel Driving OLPC 
	DCH or E-DCH

	Target BLER for DCH OLPC
	1%

	Target BLER for E-DCH OLPC
	1% after 1st transmission

	c
	15

	d, e
	Varied

	Channel Profile
	AWGN

	Number of Rx Antennas
	2 


Table 2: Simulation Assumptions
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Figure 1. Total Received Ec/Io versus E-DCH Data Rate
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 Figure 1. Pilot Ec/Io Required versus E-DCH Data Rate
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Figure 2. Required E-DCH Traffic-to-Pilot Ratio versus E-DCH Data Rate
The performance comparison of the four solutions under consideration is shown in Figures 1, 2 and 3. From these, we can infer the following:

· In terms of the Total Received Ec/Io (Figure 1), the R5 compatible optimal solution (#2) performs very close to the jointly optimal solution (#1). Since the Pilot Ec/Io set point varies significantly across the E-DCH transport formats (Figure 2), it is critical that additional pilot power is supplied via pilot boost or secondary pilot. It is also notable that the additional pilot power is highly dependent on the E-DCH transport format. Also, it is clear that the jointly optimal solution increases the Pilot Ec/Io for the different rates while not changing the TPRs significantly (Figure 3). This is in contrast to the Nominal TPR setting solution, where the additional power in mostly given via TPR increases. 

· For the nominal TPR setting solution (#3), we use the lowest E-DCH transport format as the reference to be consistent with the method followed in [1,2,3]. However, we can see from Figure 2 that this leads to a decrease in required pilot Ec/Io for higher rates. This is not a feasible solution either using a pilot boost (which would lead to degradation in the DCH performance) or using a secondary pilot (since negative powers cannot be provided via the secondary pilot). This result is due to the large over-allocation of TPRs for higher rates in the nominal TPR solution, which lead to a smaller pilot requirement for acceptable performance. We have observed that this can be remedied by choosing the E-DCH transport format that requires the largest pilot power as the reference transport format for this solution.

· Using the lowest E-DCH transport format as the reference, the nominal TPR solution (#3) is very far from optimal. For higher rate E-DCHs, the performance loss is as high as 6 dB (Figure 1). 


4 Summary of the Proposed Solution

Upon taking into consideration performance, R5 compatibility, and feasibility of implementation, we conclude from this study that the R5 compatible jointly optimal solution (#2) is a practical solution that provides close to optimal performance for all E-DCH transport formats. In this solution, the pilot power is highly dependent on the E-DCH transport format. The variable part of the required pilot power can be supplied via either by boosting the primary (DPCCH) pilot or using a secondary pilot. Our analysis leads to the following inferences: 

· For backward compatibility and to allow DCH to drive OLPC, it is preferable to use a secondary pilot as opposed to a pilot boost. 

· TPR table and differential secondary pilot offset table for all E-DCH transport formats may need to be signalled at configuration.  

· Nominal TPR settings solution does not appear to be a suitable solution for E-DCH. 
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� We define the number of codes as the total number of I and Q channels used for the traffic channel. For instance, when  the block size is 10752, we use the I and Q channels of one OVSF code and the I channel of another OVSF code for traffic. We also assume a minimum spreading factor of 4, as in R5. 





