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Introduction

Analysis and lab measurements indicate that up to an additional 2dB PA back-off is necessary to achieve ACLR requirements when the HS-DPCCH is included with the DPCCH and DPDCH for certain beta (power ratio) configurations. Two strategies are considered to account for the additional PA back-off needed.  Several strategies are also considered with regard to the related issue on how to prioritize the HS-DPCCH and services transported on the DPDCH when the maximum PA power limit is reached.  
Discussion
The HS-DPCCH is an uplink physical channel supporting HSDPA in Release 5 by transporting ACK/NAK and CQI information on a sub-frame (2ms TTI) basis.  The information can be repeated to improve HS-DPCCH uplink coverage such as might be needed when a HSDPA UE is in a soft handoff region or at the edge of the network.  In Release 5 CQI feedback can range from a CQI transmission every 2ms to one 2ms CQI transmission every 80ms.  Because the HS-DPCCH is a separate physical (code) channel it impacts the 99.9%-ile Peak to Average Ratio (PAR) of the UE power amplifier (PA) and correspondingly the PA back-off amount needed to meet ACLR requirements.  It has been found that PAR cannot always be mapped to the amount of PA back-off needed to meet ACLR requirements and hence additional lab measurements are needed for full characterization.  A new metric similar to PAR but more aligned with lab measurement results was found to be successful in predicting incremental PA back-off requirements. Table 1 indicates that PA back-off, based on the new metric and confirmed by lab measurements, increases by up to 2dB for the beta configurations indicated while the PAR does not reflect this increase. Hence, PAR is not a reliable indicator of PA back-off.  The approximate 2dB PA back-off is necessary for both a 3.3dB (hs=22) and a 0dB (hs=15) HS power offset as shown in Table 1.  Note that PA back-off is worse when c >d as indicated in Tables 1 and 2.
Given that up to 2dB PA back-off is needed when transmitting on the HS-DPCCH the question is how and when to apply the back-off. Such options are considered below.

PA back-off options:
1) Reduce maximum PA power limit by 2dB when ever the HS-DPCCH is assigned to the UE (CELL_DCH state). (Always on or Conservative[1][2] wrt TFC selection)
2) Reduce maximum PA power limit by 2dB for an active 2ms HS-DPCCH interval and in determining the TFC for the uplink TFC TTI interval that encapsulates it. 
3) Reduce the maximum PA power limit by x dB dependent on the relationship between c and d.
Another related issue is what to do with the HS-DPCCH when the PA maximum power limit is reached when transmitting a conversational service like speech and/or transmitting a minimum set TFC on the uplink.  Such options are also considered below.

PA maximum power limit options:
1) DTX the HS-DPCCH transmission when the power is insufficient to transmit both it and one of the TFCs in the minimum set. (Aggressive)
2) Compress the power of all services (channels) to stay within the PA maximum power limit. (Conservative)
3) Reduce the power of only the HS-DPCCH to stay within the PA maximum power limit.
PA back-off option discussion
Complexity is the lowest for PA back-off Option 1 since the maximum PA power limit is dropped by 2dB when the mobile is assigned a HS-DPCCH at call setup and maintained whether hs is zero or not.  Option 2 is more complex in that maximum PA power limit determination for a given uplink TFC TTI must anticipate any instance of a non-zero hs occurring during the uplink TFC TTI. The advantage is that the reduction is only used as needed. Option 3 modifies the PA back-off based on the relationship between c and d avoiding the need to predict non-zero hs occurring during any given uplink TTI   For each uplink TFC TTI the PA back-off is selected by the following mapping:
	Cases
	PA Back-off

	c > d
	2 dB

	12d/15  c = d
	1 dB

	c < 12d/15
	0 dB


where the mapping is based on PA back-off requirements for different beta configurations with the HS-DPCCH.  One consequence is for uplink rates of 32 Kbps or higher the PA back-off will be zero since c/d < 12/15 for such rates is typical. The complexity of Option 3 is similar to Option 1 except for the incremental complexity of a table lookup based on c and d at the beginning of each uplink TTI interval and at the time of TFC selection.
PA maximum power limit option discussion
By reducing only the HS-DPCCH power according to ‘PA maximum limit Option 3’ the other services on the DPDCH and inner loop power control are not impacted. The complexity of this option is that the UE must adjust the hs on a per slot basis based on its power measurements which have limited accuracy due to delay and measurement error. DTX-ing the HS-DPCCH according to PA maximum limit Option 1 has similar complexity issues as Option 3 since the hs must also be adjusted (i.e. set to zero) based on power measurements. Option 1 has the added complexity that the network must be informed that the HS-DPCCH is DTXed either using messaging (or TFCI) or through blind detection (i.e. it is up to the Network to detect. It could be argued that the Network must also determine whether the HS-DPCCH can be reliably transmitted for Options 2,3 but ACK/NAK and CQI Repetition can be relied on to improve reliability in these cases). PA maximum limit Option 2 has the least complexity in that power is limited without requiring changes to the beta configuration or dependency on power measurements
 
Conclusion
PA back-off Option 3 and PA maximum power limit Option 3 are preferred since they minimize system performance degradation but with acceptable increase in UE complexity compared to the other options. Degradation to HS-DPCCH performance (i.e. degradation to ACK/NAK reliability and CQI error rate) is avoided by using repetition in SHO. A short term solution for Release 5 could be PA back-off Option 1 and PA maximum power limit Option 2 since they offer the least increase in UE complexity followed by migration to PA back-off Option 3 and PA maximum power limit 3 perhaps in the Release 6 time frame.
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Table 1 PAR & PA Back-off for Reference Case and HS-DPCCH Cases

	DPCCH
	DPDCH
	E-DPDCH
	HS-DPCCH
	E-DPCCH
	99.9% PAR

 [dB]
	Back-off (dB) *

	Br
	 c
	SF
	C
	Br
	 d
	SF
	C
	Br
	 eu 
	SF
	C
	Br
	 hs
	SF
	C
	Br
	T
	SF
	C
	
	

	Q
	8
	256
	0
	I
	15
	64
	16
	
	
	
	
	
	
	
	
	
	
	
	
	3.01
	0

	Q
	15
	256
	0
	I
	10
	64
	16
	
	
	
	
	Q
	30
	256
	64
	
	
	
	
	3.73
	1.46

	Q
	15
	256
	0
	I
	10
	64
	16
	
	
	
	
	Q
	22
	256
	64
	
	
	
	
	3.86
	1.71

	Q
	15
	256
	0
	I
	8
	4
	1
	
	
	
	
	Q
	15
	256
	64
	
	
	
	
	3.95
	1.89

	Q
	15
	256
	0
	I
	4
	64
	16
	
	
	
	
	Q
	30
	256
	64
	
	
	
	
	3.82
	1.63

	Q
	8
	256
	0
	I
	0
	
	
	
	
	
	
	Q
	30
	256
	64
	
	
	
	
	3.83
	1.66

	Q
	15
	256
	0
	I
	4
	4
	1
	
	
	
	
	Q
	5
	256
	64
	
	
	
	
	3.46
	0.96

	Q
	4
	256
	0
	I+Q
	15
	4
	1
	
	
	
	
	Q
	30
	256
	64
	
	
	
	
	4.21
	0.83


· Back-off values are +- 0.1 dB of the values obtained from Lab Measurements and a New PA Back-off metric.
Table 2 Measured PA output power Back-off
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3.01

ref
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3.13

0.12

-0.26

Bc=8, Bd=15, Bhs=30  (SFd=4)

3.29

0.28

-0.41

Bc=8, Bd=0, Bhs=30

3.83

0.82
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3.13

0.12

-0.21

Bc=15, Bd=15, Bhs=24  (SFd=64)

3.71

0.70

-1.08

Bc=15, Bd=15, Bhs=30  (SFd=64)

3.64

0.63

-0.98

Bc=15, Bd=4, Bhs=5  (SFd=4)

3.46

0.45

-0.87

Bc=15, Bd=4, Bhs=30  (SFd=64)

3.82

0.81

-1.50

Bc=15, Bd=8, Bhs=15  (SFd=4)

3.97

0.96

-1.73
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Figure 1: reference case (no HS-DPCCH)
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Figure 2: case with HS-DPCCH (final row in above table)









� This assumes good calibration at the PA maximum power level and/or a closed loop mechanism to prevent excursions above it.  That is, a mapping exists between the maximum PA power limit and a composite digital gain representing a beta configuration.
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