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1. Introduction
During the RAN4 #36 meeting in London, a table based method was proposed for determining the maximum power reduction for E-TFC selection [1]. After much discussion it was agreed that the values to be used for E-TFC-MPR restriction in 25.133 would be realistic values and did not need to reflect the actual amount of transmitter back-off needed to meet the ACLR specifications which are defined in 25.101.  The E-TFC-MPR values are used for internal calculations as part of the E-TFC restriction process and do not affect the actual UE transmitted power.
The current method of defining the maximum amount of UE transmitter power reduction when HS-DPCCH and E-DCH are present is via the use of an equation in Section 6.2.2 of 25.101. This contribution presents an alternative method for specifying the reduction in maximum transmitter power via the use of a table. 
The use of the equation based approach means that one interested in determining the maximum allowable reduction in transmit power for a given combination of beta values, spreading factor and number of codes used will have to evaluate the equation – it is not apparent from the equation what the actual allowed reduction in transmitter power is. 
This contribution shows that it is possible to define the maximum allowable reduction in transmit power using a table instead of using an equation. This approach leads to a requirement that is clearer and more amenable to verification by others. 
A companion document [3] has a draft CR for changes associated with the proposals in this document.

2. Methodology Used to Calculate E-TFC-MPR 
The methodology and assumptions are the same as has been used in our previous contribution on this topic [1]. 
All amplitude values of c, d, hs, ec, and ed, are quantized and are based on the relevant specifications [2].
3. UE Maximum Transmit Power with HS-DPCCH and E-DCH
For a given UE Power Class, the amount of additional maximum transmitter power reduction that can be taken by a UE for the different beta factor combinations, spreading-factor and number of E-DPDCH codes is defined as PTMPR in dB (TMPR = Transmitter Maximum Power Reduction).

Table 1 summarizes the PTMPR that can be taken when EUL Channels are present in addition to Rel’99 and Rel’5 channels. The data that was used to generate this table can be found in Annex A.
Note that the number of rows has been reduced in Table 1 by combining cases that had similar values in Annex A. For example Cases 1 & 2 and Cases 8, 9, and 10 in the Annex have been combined. Further reduction in the number of rows is possible but we believe that the current size of the table is not prohibitive for implementers and preserves clarity for others who may wish to verify the values in the table. c is always greater than 0 in the table.
	Inputs for Determining UE Maximum Power Reduction with HS-DPCCH and E-DCH
	PTMPR 

(dB)

	
	βhs/ βc
	βd/ βc
	βec/ βc
	βed/ βc
	E-DPDCH
	

	
	
	
	
	
	SF
	N_{e-dpdch}
	

	1
	≥ 6/15
	0
	≤ 9/15
	≤ 15/15
	≥ 4
	1
	[1.5]

	2
	≥ 0
	0
	≤ 12/15
	> 95/15
	≥ 4
	1
	[0]

	3
	≥ 0
	0
	≤12/15
	≤ 95/15
	≥ 4
	1
	[0.5]

	4
	≥ 0
	0
	> 12/15
	> 95/15
	≥ 4
	1
	[0.5]

	5
	≥ 0
	0
	> 12/15
	≤ 95/15
	≥ 4
	1
	[1.5]

	6
	≤ 15/15
	0
	≥ 0
	≥ 53/15
	4
	2
	[0.5]

	7
	> 15/15
	0
	≥ 0
	≥ 53/15
	4
	2
	[1.0]

	8
	≥ 0
	0
	≥ 0
	< 53/15
	4
	2
	[2.0]

	9
	≤ 15/15
	0
	≥ 0
	≥ 60/15
	2
	2
	[1.0]

	10
	> 15/15
	0
	≥ 0
	≥ 60/15
	2
	2
	[1.5]

	11
	≥ 0
	0
	≥ 0
	< 60/15
	2
	2
	[2.5]

	12
	≥ 0
	0
	≥ 0
	≥ 0
	2 & 4
	4
	[3.0]

	13
	0
	0< βd/ βc ≤ 15/15
	≤ 15/15
	≤ 53/15
	≥ 4
	1
	[3.0]

	14
	0
	0< βd/ βc ≤ 15/15
	> 15/15
	≤ 53/15
	≥ 4
	1
	[2.0]

	15
	0
	15/15< βd/ βc ≤ 15/2
	≥ 0
	≤ 53/15
	≥ 4
	1
	[1.5]

	16
	0
	> 15/2
	≥ 0
	≤ 53/15
	≥ 4
	1
	[1.0]

	17
	0
	≥ 0
	≥ 0
	> 53/15
	≥ 4
	1
	[1.5]

	18
	> 0
	0< βd/ βc ≤ 15/5
	≥ 15/15
	≤ 75/15
	≥ 4
	1
	[3.0]

	19
	> 0
	0< βd/ βc ≤ 15/5
	< 15/15
	≤ 75/15
	≥ 4
	1
	[2.5]

	20
	> 0
	0< βd/ βc ≤ 15/5
	≥ 15/15
	> 75/15
	≥ 4
	1
	[2.0]

	21
	> 0
	0< βd/ βc ≤ 15/5
	< 15/15
	> 75/15
	≥ 4
	1
	[0.5]

	22
	> 0
	> 15/5
	≥ 0
	≥ 0
	≥ 4
	1
	[3.0]

	23
	≥ 0
	≤ 15/5
	> 0
	≤ 75/15
	≤ 4
	2
	[2.5]

	24
	≥ 0
	≤ 15/5
	> 0
	> 75/15
	≤ 4
	2
	[1.5]

	25
	≥ 0
	> 15/5
	> 0
	≥ 0
	≤ 4
	2
	[2.0]

	Notes: (1) Row 1 and Row 3 define overlapping regions. Check for Row 1 condition first.
           (2) Impact of power control step size is FFS




Table 1: UE Maximum Output Power with EUL Channels

NOTES:
1) Note the following about how the rows in Table 1 relate to the Cases defined in the Annex.

a. Rows 1-5 are derived from Cases 1 & 2.

b. Rows 6-8 are derived from Case 3

c. Rows 9-11 are derived from Case 4

d. Row 12 is derived from Case 5

e. Rows 13-17 are derived from Case 6

f. Rows 18-22 are derived from Case 7

g. Rows 23-25 are derived from Cases 8, 9, & 10.

2) There are cases where the PTMPR is greater than 2 dB. The maximum reduction in transmit power of 2 dB is implied by the current equation in 25.101. The simulation results here indicate that for some cases that a higher PTMPR is needed even after accounting for improvement of PA technology (1 dB improvement has been agreed in RAN-4).
3) We now review each combination in Table 1 where PTMPR > 2 dB and try and provide information that could be used to avoid combinations that may require a large PTMPR value by the UE. Since it is not within RAN-4’s scope to change the core TS 25.213 specifications, these should be viewed as suggestions. 

a. Row 12; PTMPR = 3.0 dB: Data rate is the highest and there are a large number of channels (4 E-DPDCH codes). Note however that this case represents a situation where the UE is close to the Node-B and is more likely to be in a rate-limited situation and not a power-limited situation. Having a larger PTMPR value should not be an issue in this case.

b. Row 13; PTMPR = 3.0 dB: Since the data rate on the E-DPDCH channel is large and the data rate of DPCH is small, one should be able to carry the DPDCH on the E-DPDCH channel and the PTMPR value would be closer to those in Row 1-5 (PTMPR <= 1.5 dB).

c. Row 18; PTMPR = 3.0 dB: Similar to Row 13. One can carry DPDCH on the E-DPDCH channel and PTMPR value would be closer to those in Row 1-5 (PTMPR <= 1.5 dB).

d. Row 19; PTMPR = 2.5 dB: Similar to Row 13. One can carry DPDCH on the E-DPDCH channel and PTMPR value would be closer to those in Row 1-5 (PTMPR <= 1.5 dB).

e. Row 22; PTMPR = 3.0 dB: In a typical scenario, ec should not be too large. From Figure 16 in the Annex, it is noticed that if ec is smaller around 15/15, the PTMPR value will reduce to about 2.0-2.5 dB.
f. Row 23; PTMPR = 2.5 dB: Similar to Row 13 but since there are a large number of active channels, it is not clear how much smaller the PTMPR value would be if one were to carry DPDCH on the E-DPDCH.

4) In summary, we have shown that for nearly all of the rows where PTMPR > 2 dB that it is possible to use the channels in such a way as to avoid high PTMPR values. The following general rules can be used as a guide-line.

a. If using E-DPDCH with multiple-codes, it is better to use E-DPDCH to carry traffic that was intended for the DPDCH.
b. If E-DPDCH and DPDCH are both active with small beta factors, one is better off combining the 2 and using either E-DPDCH or DPDCH.
5) The use of a table with 25 rows may raise some complexity concerns. However, we note that even a simple implementation that uses knowledge of the spreading factor, the number of E-DPDCH codes and the beta values could find the appropriate PTMPR values in the table in only a few steps. 

a. For example if the number of E-DPDCH codes was equal to 2, this immediately results in a 50% reduction in number of cases to be searched with a single “if” statement. 
6) We believe that there are many ways to optimize a search through the table in software with very low complexity. We note that further reduction in table size is possible and but prefer to leave this is as an implementation consideration.

4. Conclusions 

This contribution identifies a straight-forward method of using a table based approach for defining PTMPR instead of the use of the CM equation.

The use of a small table as opposed to an equation leads to a requirement that can easily be verified by others. The unambiguous nature of the requirement is also valuable for both implementers and network planners.

We recommend using the table format in Section 6.2 of 25.101 to define the UE maximum transmit power requirement. A companion contribution [3] has the draft CR for this change.
The draft CR is written in such a way as to require no changes for Rel-5 UEs and provide new requirements for Rel-6 UEs.

We welcome the opportunity to work with others to draft the CR and we would encourage others to try and use the methodology described here to generate their own PTMPR values for input to the CR.
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Annex A: Data for Transmit Power Reductions With HS-DPCCH & E-DCH
A1: Case 1
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Figure 1:  Estimated power back-off for ACLR requirements. 
DPCCH, E-DPCCH, and 1 E-DPDCH active, no DPDCH, no HS-DPCCH

Case 1 includes a DPCCH, an E-DPCCH and one E-DPDCH channel. It is the minimum configuration for EUL. Dedicated data channel DPDCH and HSDPA are not activated. The required back-off for all combinations of amplitudes is depicted in a three dimensional plot in Figure 1. Plotting the same results as a set of curves is shown in Figure 2. 
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Figure 2:  Estimated power back-off for ACLR requirements. 
DPCCH, E-DPCCH, and 1 E-DPDCH active. No DPDCH
 Set of curves for varying βec  

A2: Case 2
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Figure 3:  Estimated power back-off for ACLR requirements. 
DPCCH, E-DPCCH, 1 E-DPDCH, and HS-DPCCH active. No DPDCH.
 Curves for βhs / βc  =15/15

Case 2 includes a DPCCH, an E-DPCCH and one E-DPDCH channel. Additionally an HS-DPCCH channel is used. Only the dedicated data channel HS-DPCCH is not activated. The required back-off for all combinations of amplitudes is depicted in a three dimensional plot in Figure 3 for one setting of hs. Plotting the same results as a set of curves is shown in Figure 4 for four different βhs settings. 
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Figure 4:  Estimated power back-off for ACLR requirements.
DPCCH, E-DPCCH, 1 E-DPDCH, and HS-DPCCH active. No DPDCH

A3: Case 3
In case 3 an additional second E-DPDCH channels is included, compared with Case 2. Both EUL channels are established as I and Q components on one single spreading code. The WCDMA scrambling scheme is optimized for such signal constellations with respect to a low peak-to-average ratio. Thus it is not surprising that the archived back-off performance is more homogenous than in case 2 with respect to varying E-DPCCH amplitudes.

The required back-off for all combinations of amplitudes is depicted in Figure 5 for one amplitude (βhs= 15/15) setting. Plotting as a set of curves is shown in Figure 6 for four different βhs settings. 
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Figure 5:  Estimated power back-off for ACLR requirements. 
DPCCH, E-DPCCH, 2 E-DPDCH, and HS-DPCCH active, no DPDCH.
 SFe1= 4 SFe2= 4. Curves for βhs / βc  =15/15
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Figure 6:  Estimated power back-off for ACLR requirements. Variation of βec / βc
DPCCH, E-DPCCH, 2 E-DPDCH, and HS-DPCCH active.  SFe1= 4 SFe2= 4

A4: Case 4
Case 4, has the same number of uplink channel as Case 3, i.e. it comprises 2 E-DPDCHs. Again both EUL channels are established as I and Q components on one single spreading code. The only difference to case 3 is that now both E-DPDCHs are spread with spreading factor SF=2. Although this difference in spreading seems to be marginal, it results in increasing of the back-off by about 0.5 dB. The dependency on changing the amplitude βec is reduced. 
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Figure 7:  Estimated power back-off for ACLR requirements. 
DPCCH, E-DPCCH, 2 E-DPDCH, and HS-DPCCH active. No DPDCH.
 SFe1= 2, SFe2= 2.  Curves for βhs / βc  =15/15
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Figure 8:  Estimated power back-off for ACLR requirements. Variation of βec / βc
DPCCH, E-DPCCH, 2 E-DPDCH, and HS-DPCCH active.  SFe1= 2, SFe2= 2.

A5: Case 5
Case 5, is the only case where all 4 E-DPDCH channels are transmitted. Hence, this is the case with the highest possible number of active channels in EUL. The required back-off, as shown in Figure 9 and Figure 10, is high, and is constant for higher values of amplitude βed . The dependency on amplitude βec is low. 
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Figure 9:  Estimated power back-off for ACLR requirements. 
DPCCH, E-DPCCH, 4 E-DPDCH, and HS-DPCCH active, no DPDCH. 
 SFe1= 2, SFe2= 2, SFe3= 4, SFe4= 4  Curves for βhs / βc  =15/15
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Figure 10:  Estimated power back-off for ACLR requirements.
DPCCH, E-DPCCH, 4 E-DPDCH, and HS-DPCCH active, no DPDCH.  
 SFe1= 2, SFe2= 2, SFe3= 4, SFe4= 4.   Variation of βec / βc


A6: Case 6
Case 6, is the first case where an E-DPDCH channels is transmitted together with a D-DPDCH. However, the HS-DPCCH is not activated in this case. The results shown in Figure 11, Figure 12, and Figure 13 indicate a low dependency of the required back-off on the E-DPCCH amplitude βec. An exception is the case when both amplitudes, βd and βed, are very small (see subplot 1 in Figure 13, area I, marked with red colour). Here the back-off reaches almost 4 dB. Figure 12 shows, that the back-off is maximum, when the amplitudes of the data channels DPDCH and E-DPDCH, βd and βed , are in the same range. 
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Figure 11:  Estimated power back-off for ACLR requirements. 
 DPCCH, DPDCH, E-DPCCH, and 1 E-DPDCH active, no HS-DPCCH.  SFe1= 4.
 Curves for βd / βc  =15/15
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Figure 12:  Estimated power back-off for ACLR requirements
DPCCH, DPDCH, E-DPCCH, and 1 E-DPDCH active, no HS-DPCCH.  SFe1= 4.
 Curves for constant βec / βc  =15/15
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Figure 13:  Estimated power back-off for ACLR requirements. Variation of βec / βc
DPCCH, DPDCH, E-DPCCH, and 1 E-DPDCH active, no HS-DPCCH.  SFe1= 4

A7: Case 7
Case 7, is the first case, where all types of uplink channels are used. i.e. one E-DPDCH channels is transmitted together with a D-DPDCH and an HS-DPCCH. In this case the impact of varying 4 independent parameters, i.e. βd , βhs βec and βed has to be analysed. This gives in total 40176 combinations, when each possible amplitude setting will be taken into account. The results shown in Figure 16 indicate in principle a very similar dependency of the required back-off on varying the amplitudes βd and βed as in case 6. However, the overall back-off is about 1  higher. Also the dependency on βec for low values of βd is higher (compare Figure 14 with Figure 11). Varying the additional parameter βhs has very low impact. So it’s sufficient to present a representative cross section of the huge number of possible settings. Again as in case 6 the back-off is maximum, when the amplitudes of the data channels DPDCH and E-DPDCH, βd and βed , are in the same range (see Figure 15). 
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Figure 14:  Estimated power back-off for ACLR requirements. 
DPCCH, DPDCH, HS-DPCCH, E-DPCCH, and 1 E-DPDCH active. SFe1 = 4,
 Curves for βd / βc  =15/15 and βhs / βc  =15/15
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Figure 15:  Estimated power back-off for ACLR requirements. 
DPCCH, DPDCH, HS-DPCCH, E-DPCCH, and 1 E-DPDCH active. SFe1 = 4,
 Curves for βec / βc  =15/15 and βhs / βc  =15/15
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Figure 16:  Estimated power back-off for ACLR requirements. Variation of βec / βc
 DPCCH, DPDCH, HS-DPCCH, E-DPCCH, and 1 E-DPDCH active. SFe1 = 4.

A8: Case 8
In Case 8, an additional second E-DPDCH channels is included, compared with Case 7. Both EUL channels are established as I and Q components on one single spreading code. The WCDMA scrambling scheme is optimized for such signal constellations with respect to a low peak-to-average ratio. Thus the archived back-off performance is more homogenous than in Case 7 with respect to varying E-DPCCH amplitudes (compare Figure 18 with Figure 16). Also the dependency on the parameter βhs is not high (see Figure 19), it is comparable with the parameter βec. Thus the performance is mainly influenced by the parameters βd and βed  
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Figure 17:  Estimated power back-off for ACLR requirements. DPCCH, DPDCH, HS-DPCCH, E-DPCCH, and 2 E-DPDCH active. SFe1 = 4, SFe2 = 4, Curves for βd / βc  =15/15 and βhs / βc  =15/15
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Figure 18:  Estimated power back-off for ACLR requirements. DPCCH, DPDCH, HS-DPCCH, E-DPCCH, and 2 E-DPDCH active. SFe1 = 4, SFe2 = 4. 
 βd / βc  =15/15,  βhs / βc  =15/15.   Variation of βec / βc
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Figure 19:  Estimated power back-off for ACLR requirements. DPCCH, DPDCH, HS-DPCCH, E-DPCCH, and 2 E-DPDCH active. SFe1 = 4, SFe2 = 4. 
βec / βc  =15/15.   Impact of HS-DPCCH amplitude βhs / βc
A9: Case 9
Case 9, has the same number of E-DPDCH channels as Case 8, but no activated HS-DPCCH channel (like Case 6). As the impact of an HS-DPCCH in Case 8 has been shown to be very low, it’s not surprising that the performance of this case (without HS-DPCCH) is very similar to that of Case 8. The results shown in Figure 20 and Figure 22 indicate a low dependency of the required back-off on the E-DPCCH amplitude βec. Figure 21 shows that the back-off is strongly dependent on amplitudes βd and βed , and that it is maximum, when these amplitudes of the data channels DPDCH and E-DPDCH are in the same range. 
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Figure 20:  Estimated power back-off for ACLR requirements. DPCCH, DPDCH, E-DPCCH, and 2 E-DPDCH active, no HS-DPCCH. SFe1 = 2, SFe2 = 2.
 Curves for βd / βc  =15/15
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Figure 21:  Estimated power back-off for ACLR requirements. DPCCH, DPDCH, E-DPCCH, and 2 E-DPDCH, active, no HS-DPCCH. SFe1 = 2, SFe2 = 2.
 Curves for βd / βc  =15/15
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Figure 22:  Estimated power back-off for ACLR requirements.   
DPCCH, DPDCH, E-DPCCH, and 2 E-DPDCH active, no HS-DPCCH. SFe1 = 2, SFe2 = 2.

A10: Case 10

Case 10 is identical to Case 8 except the difference in the spreading factor of the E-DPDCH channels, which is now SF=2 instead of 4. There is no performance difference to Case 8 (compare Figure 23 with Figure 18). We will merge this case into Case 8.
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Figure 23:  Estimated power back-off for ACLR requirements. 
 DPCCH, DPDCH, HS-DPCCH, E-DPCCH, and 2 E-DPDCH active. SFe1 = 2, SFe2 = 2. 
 βhs / βc  =15/15
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