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1. Introduction

During last RAN meeting the Rel-6 CR regarding allowed power back off when transmitting 
HS-DPCCH was not approved. The corresponding Rel-6 CR regarding TFC selection was not approved either since it was depending on the power back off CR.

The were two reasons mentioned when it was decided not to approve the CR:

· The back off issue for enhanced uplink must be coordinated with the allowed back off for HSDPA, to prevent a late discussion when enhanced uplink shall be implemented.

· Is the same relaxation of maximum output power needed in Rel-6 as in Rel-5?

In the RAN4 meeting #31 in Beijing in May, a discussion document on how the Backoff issue  shall be evaluated for enhanced uplink (Motorola) was treated.

2. HSDPA

In RAN4, the Peak to Average Ratio (PAR) of HSDPA has been extensively discussed. The outcome from the discussions can be described with the following figure from R1-040103 from Nokia. The back off of the output power needed to  fulfill the same ACLR requirements is commonly understood as approximately 2 times the PAR increase in dB.
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The conclusion for requirements in RAN4 the Rel-5 specification for the backoff is given in the table below.

Table 6.1A: UE maximum output powers with HS-DPCCH
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	Power Class 3
	Power Class 4

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	1/15 ( (c/(d ( 12/15
	+24
	+1/-3
	+21
	+2/-2

	13/15 ( (c/(d ( 15/8
	+23
	+2/-3
	+20
	+3/-2

	15/7 ( (c/(d ( 15/0
	+22
	+3/-3
	+19
	+4/-2


Comparing results in Figure 1, above with the requirements in the table it is seen that the Power Amplifier for HSDPA has to be designed for a 1 dB higher power than a PA which is on the limit to fulfill the requirements for Rel-99. 

3. Enhanced Uplink

3.1. Proposed Physical Channel Structure in Enhanced Uplink 

In R1-040565 (Ericsson), PAR in enhanced uplink was discussed. The  discussion on enhanced uplink in this paaper is based on R1-040565.

The principles underlying the E-DCH physical channel structure given in [1] are,

· DPCCH is mapped on the same channelization code as in Rel-5 to ensure backwards compatibility.

· HS-DPCCH is mapped on the same channelization codes as in Rel-5. The channelization code used depends on the maximum number of DPDCHs configured for the combinations of DCH and E-DCH data rates in the TFCS.
· Each DPDCH can be used either for DCH or E-DCH traffic, but not simultaneously.
· The DPDCH(s) that, according to the TFCS configured, may carry DCH traffic should reside on the same channelization codes as in Rel-5 to ensure backwards compatibility.
· The DPDCH(s) that, according to the TFCS configured, will carry E-DCH traffic only could be allocated in the same way as DPDCHs in Rel-5 unless there is a significant benefit in PAR from a different choice of code mappings. 
· The multiplexing of additional control signaling required is FFS. The code mapping should either be fixed, as is the case for the DPCCH, or related to the TFCS, as is the case for the HS-DPCCH. 
· The allowed ( settings for DPDCHs carrying the E-DCH are FFS.

· Scrambling codes and modulation schemes are identical to Rel-5.
3.2. PAR for different number of (E-)DPDCHs

This section elaborates on the physical layer channel structure proposed in section 3.1. Here, PAR results for different number of (E-)DPDCHs are presented for three different power settings, P1, P2, and P3, see Table 1. These three power settings are representative of power settings that could be anticipated in a live network. However, other power settings than those will probably also be used and, as stated in [1], a full set of allowed power settings are FFS.

	
	DPCCH
	HS-DPCCH
	E-DPCCH
	(E-)DPDCH

	P1
	15
	30
	15
	75

	P2
	15
	15
	15
	60

	P3
	15
	15
	15
	45


Table 1. Three different power settings, denoted P1, P2, and P3, for different physical channels. The table shows amplitude gain settings.

Sub-sections 3.2.1 to 3.2.5 contain PAR results for five cases; from two up to six channelization codes used for (E-)DPDCH. Each sub-section presents PAR values for power settings P1, P2, and P3, respectively. The placement of DPCCH and HS-DPCCH used in these simulations are not backwards compatible with Rel-5. This is just an example of the code planning. 

Further, it deserves to be noted that we have assumed that having only E-DPDCHs with SF=4 and amplitude gain according to Table 1 gives worse PAR than if one of the channelization codes is used for DPDCH with, e.g., SF=64 and medium power. This assumption is based on simulations where one of the E-DPDCHs in sub-sections 3.2.1 to 3.2.5 below was substituted for a DPDCH with SF=64 and amplitude gain 21. These simulations showed that PAR always is higher with a configuration where all channelization codes use the power settings in Table 1 together with SF=4.

A minimum of two channelization codes for (E-)DPDCH is assumed. The reason is to avoid a DPDCH which is time-multiplexed between DCH and E-DCH. Hence, the minimum capability for an enhanced-uplink capable UE would be to handle two channelization codes.

3.2.1 Two codes for user traffic (max 1920 kbps)
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Figure 1. Channelization code assignment for maximum 1920 kbps. 
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Figure 2. PAR for [0,960,1920] kbps given that maximum 2 channelization codes are allowed for (E-)DPDCH. Blue, red, and black curves are for power setting P1, P2, and P3, respectively.

3.2.2 Three codes for user traffic (max 2880 kbps)
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Figure 3. Channelization code assignment for maximum 2880 kbps.
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Figure 4. PAR for [0,960,1920,2880] kbps given that maximum 3 channelization codes are allowed for (E-)DPDCH. Blue, red, and black curves are for power setting P1, P2, and P3, respectively.

3.2.3 Four codes for user traffic (max 3840 kbps)
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Figure 5. Channelization code assignment for maximum 3840 kbps.
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Figure 6. PAR for [0,960,1920,2880,3840] kbps given that maximum 4 channelization codes are allowed for (E-)DPDCH. Blue, red, and black curves are for power setting P1, P2, and P3, respectively.

3.2.4 Five codes for user traffic (max 4800 kbps)
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Figure 7. Channelization code assignment for maximum 4800 kbps.
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Figure 8. PAR for [0,960,1920,2880,3840,4800] kbps given that maximum 5 channelization codes are allowed for (E-)DPDCH. Blue, red, and black curves are for power setting P1, P2, and P3, respectively.

3.2.5 Six codes for user traffic (max 5760 kbps)
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Figure 9. Channelization code assignment for maximum 5760 kbps.

[image: image14.wmf]0

1

2

3

4

5

6

0

1

2

3

4

5

6

7

Nr of (E-)DPDCH channelization codes in use

99.9% PAPR, dB

P1

P2

P3


Figure 10. PAR for [0,960,1920,2880,3840,4800,5760] kbps given that maximum 6 channelization codes are allowed for (E-)DPDCH. Blue, red, and black curves are for power setting P1, P2, and P3, respectively.

3.3. Conclusions for Enhanced Uplink

The above PAR results are in line with multi-code PAR results for a R99 UE that supports the same data rates.  we see that the PAR requirements on the terminal will follow the UE’s UL data rate capability. A UE with a capability of higher datarates which use more channalization codes do also have a larger PAR. 

These results are some “typical” constellations, the worst case may be worse.  These results show an increased PAR of up to 3 dB for some constellations with high data rates. This would mean that a UE with a PA designed for Rel-99 channels will have approximately 6 dB lower power when transmitting enhanced uplink with high data rate.

4. Possible Solutions

We can see several possible solutions, how to handle Enhanced Uplink and HSDPA in Rel-6 and later.

1) Follow the HSDPA solution in Rel-5 and allow an increase of the PAR of 0.5 dB, or the corresponding increase of the cubic metric as proposed in R4-04xxxx. Then it is allowed to have a maximum power which is up to approximately 6 dB lower when transmitting enhanced uplink than when only Rel-99 channels are transmitted. Then the requirement of the maximum transmitted power depends on the number of E-DPDCH codes and on the power settings of those. One concern is that the requirement probably tends to be very complex.

2) Do not allow an relaxation of the maximum power requirement when enhanced uplink or HSDPA is active. Then the PA must be designed for a max peak power much (appr. 6 dB) higher power than the PAs designed for Rel-99 terminals. 

3) Do allow some relaxation of the maximum power requirement. E.g. allow up to 1 dB decrease of maximum transmitted power when transmitting enhanced uplink channels compared with the Rel-99 requirements.  If this solution is selected, the requirements with HSDPA is an open issue.

Based on estimations of coverage for enhanced uplink services and on UE implementation a solution for Rel-6 must be selected. But it is an advantage if the solution takes both HSDPA and enhanced uplink into account. The solutions must be evaluated with regard of system simulations. To have very strict requirements on the UE will increase the complexity and power consumptions. It is important that this is taken into account.
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