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1
Introduction

This document describes a problem related to the definition of E-DPDCH gain factor computation for Rel-6 E-DCH in the Physical Layer Specification [1] definitions. The specification is functional as it is, but the calculation function forces the system to use inoptimal gain factors for E-DPDCH. The problem becomes more severe when high range of data rates are to be supported by the radio link.
2
Problem description

2.1
Computation of E-DPDCH gain factors
TS25.214 section 5.1.2.5B.2.3 [2] defines the computatiotion of E-DPDCH gain factors based on reference gain factors as follows:
The gain factor ed of an E-TFC is computed based on the signalled settings for its corresponding reference E-TFC. 

Let E-TFCIref,m denote the E-TFCI of the m:th reference E-TFC, where m=1,2,…,M and M is the number of signalled reference E-TFCs and  E-TFCIref,1 < E-TFCIref,2 < … < E-TFCIref,M. Let E-TFCIj denote the E-TFCI of the j:th E-TFC. For the j:th E-TFC:

if E-TFCIj ( E-TFCIref,M, the reference E-TFC is the M:th reference E-TFC. 
if E-TFCIj < E-TFCIref,1, the reference E-TFC is the 1st reference E-TFC.
if E-TFCIref,1 ( E-TFCIj < E-TFCIref,M, the reference E-TFC is the m:th reference E-TFC such that E‑TFCIref,m ( E-TFCIj < E-TFCIref,m+1.

ed,ref denotes the reference gain factor of the reference E-TFC. Let Le,ref denote the number of E-DPDCHs used for the reference E-TFC and Le,j denote the number of E-DPDCHs used for the j:th E-TFC. If SF2 is used, Le,ref and Le,j are the equivalent number of physical channels assuming SF4. Let Ke,ref denote the transport block size of the reference E-TFC and Ke,j denote the transport block size of the j:th E-TFC, where the mapping between the E-TFCI and the E-DCH transport block size is defined in [9].
For the j:th E-TFC, the temporary variable ed,j,harq is then computed as:
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where the HARQ offset harq is defined in [3] subclause 4.2.1.3. 

For the j:th E-TFC, the unquantized gain factor ed,k,j,uq for the k:th E-DPDCH (denoted E‑DPDCHk in [3] subclause 4.2.1.3) shall be set to 
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 if the spreading factor for E-DPDCHk is 2 and to 
[image: image3.wmf],,

edjharq

b

 otherwise.
In essence the power of E-DPDCHs will increase linearly and with the same proportion as the data rate increases, i.e. if a data rate increases from K to 2K then the power of E-DPDCHs increase by 3 dB. The network can signal up to 8 reference values out of 128 TrBlk sizes enabled for the E-DCH transmission.
2.2
E-DCH scheduling

TS25.321 section 9.2.5.2.1 defines the E-DCH scheduling to be based on the relative power of E-DCH data channels over the DPCCH in table 9.2.5.2.1.1:

Table 9.2.5.2.1.1: Scheduling Grant Table (SG-table)

	Index
	Scheduled Grant

	37
	(168/15)2*6

	36
	(150/15)2*6

	35
	(168/15)2*4

	34
	(150/15)2*4

	33
	(134/15)2*4

	32
	(119/15)2*4

	31
	(150/15)2*2

	30
	(95/15)2*4

	29
	(168/15)2

	28
	(150/15)2

	27
	(134/15)2

	26
	(119/15)2

	25
	(106/15)2

	24
	(95/15)2

	23
	(84/15)2

	22
	(75/15)2

	21
	(67/15)2

	20
	(60/15)2

	19
	(53/15)2

	18
	(47/15)2

	17
	(42/15)2

	16
	(38/15)2

	15
	(34/15)2

	14
	(30/15)2

	13
	(27/15)2

	12
	(24/15)2

	11
	(21/15)2

	10
	(19/15)2

	9
	(17/15)2

	8
	(15/15)2

	7
	(13/15)2

	6
	(12/15)2

	5
	(11/15)2

	4
	(9/15)2

	3
	(8/15)2

	2
	(7/15)2

	1
	(6/15)2

	0
	(5/15)2


The scheduled grant values correspond to quantised E-DPDCH amplitude ratios in [1]. The underlying assumption is that a transport block of size M never has a smaller gain factor than any of the transport blocks with size smaller than M. In other words the relative power of E-DPDCHs over DPCCH is a monotonously increasing function of the transport block size in order to enable the gain factor based scheduling.
2.3
Optimal gain factors vs. computed gain factors

When optimising the gain factors for different data rates it becomes evident that the DPCCH level increases as a function of data rate and thus the increase in the relative power of E-DPDCHs over DPCCH is slower than the increase in data rates. Thus the assumption behind the gain factor computation function is somewhat incorrect. Due to the fact that the scheduling is based on the relative power of E-DPDCHs it is not really possible to much help the problem by signalling multiple reference gain factors. It is not really possible to signal a lower reference gain factor to an E-TFCM than computed for an E-TFCM-1 based on its corresponding reference E-TFC. Thus if the too fast increase in gain factors takes place due to the computation function it is not really possible to help the situation much by signalling multiple references either.
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Figure 1: Optimal vs. computed gain factors
Figure 1 shows a curve of computed gain factors and the optimal gain factors based on link simulations for VA30 channel. The references for computed gain factors have been manually selected to get the best possible fit to the simulated points. The 8 reference E-TFCs used were {128, 148, 168, 189, 273, 641, 754, 1024} kbps and there is -3 dB difference to the optimal value for 32 kbps and +5 dB difference to the optimal value for 1920 kbps. 

Too high gain factors in the high data rates result with the UE needing to transmit too high a power for the data rates thus reducing the link efficiency and thus the coverage of the data rate as well as providing higher interference to the other users and other cells. This leads to reduced user data rates and reduced cell capacity.

Too low gain factors in the low data rates result with the UE needing to transmit too high a DPCCH level in order to get the transmission through. This leads to unnecessarily high control channel overheads reducing the number of low data rate users that can be simultaneously supported.
3.
A possible solution
The simplest solution to help the problem would be to modify the gain factor computation function to result with a less aggressive increase in the power of E-DPDCHs as a function of data rate.
A possible solution would be to substitute the square root of the relative difference of the transport block sizes with an exponent function where the exponent would be less than 0.5:
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Figure 2: Optimal vs. computed gain factors based on a modified equation
For the figure 2 above only a single reference E-TFC of 128 kbps was used. The differencies to the simulated optimal gain factor values are 0 dB for 32 kbps, -1 dB and +1 dB for 1920 kbps. The exponent C = 0.2 was used in the computation.
If 3GPP could agree to a single value for C the change would be isolated to TS25.214. Alternatively the value C could get one of a few values based on network signalling, but this would be less desirable. In any case if the computation function increases too slowly it can always be helped by signalling multiple reference E-TFCs when a too aggressively increasing function such as in today’s specification can’t really be helped by multiple reference E-TFCs.
4.
Conclusions

A problem in the Rel-6 gain factor computation for E-DPDCH leading to inefficient radio capacity usage was shown. A solution proposal with an isolated impact to the 3GPP specifications was introduced. Nokia would invite other companies to investigate the problem and discuss whether a solution should be introduced to the specifications..
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