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1 Introduction

In order to support fast ACK/NACK transmission and CQI reporting from UE to Node B, a separate uplink code channel called HS-DPCCH has been introduced. The main reason for using a separate code channel was to ensure backwards compatibility with Release’99 base stations for the cases where HSDPA is not deployed in all cells in the system. Introduction of third uplink code channel HS-DPCCH increases the PAR (Peak-to-Average Ratio) and modifies the shape of output power probability function and sets more stringent linearity requirements for UE transmitter. PAR issue has been discussed in the recent RAN WG1 and WG4 meetings. Several companies have presented contributions showing that in order not to create more stringent linearity requirements than in R99 terminals, about 2dB reduction of maximum power is needed with worst case gain factor combination when HS-DPCCH is transmitted [1, 2, 3, 4, 5].

An idea of gain factor dependent power reduction when the UE is transmitting close to or at the maximum power has been presented and impacts of power reduction to HSDPA system performance have been analyzed in [10, 11, 12, 13, 14, 15, 17].

In this document we re-present our analysis in [17] based on the UL link budgets and show simulation results on the system impact of UE maximum power reduction as requested by RAN

2 Discussion

2.1 System impacts of UE maximum output power reduction

Output power of the UE increases when HS-DPCCH is transmitted unless the UE is in power-limited situation and uses scaling as specified in TS 25.214. Power increase and need to reduce maximum transmit power due to PAR increase are shown in Figure 3. These graphs include all possible (hs values for UL reference channels mentioned in 25.104. Power increase and required maximum power reduction due to PAR increase with (hs=24 are shown in the Table 1. This equals to maximum HS-DPCCH/DPCCH ratio of 4dB, and based on the analysis done in RAN4 it is quite typical power offset for HS-DPCCH.
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Figure 1. Power increase and need for maximum power reduction when HS-DPCCH is transmitted

Table 1. Power increase and need for maximum power reduction when HS-DPCCH is transmitted with Bhs=24
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From the table 1 above some observations can be made. 

· Since the gain factor of HS-DPCCH is dependent on DPCCH gain factor, the power increase due to introduction of HS-DPCCH is higher with lower information bit rate channels having power ratio of DPCCH/DPDCH close to 1 (11/15 vs. 10/15 DPCCH/DPDCH ratio). 

· For 12.2kbps channel the need for maximum power reduction is 0.86dB where only 0.09dB is needed with 144 kbps and 384kbps channels. 

· With all UL reference channels and in DTX the required maximum power reduction needed due PAR increase is significantly lower than power increase that is caused by the introduction of new code channel. 

· In the last column the two previously mentioned parameters (power increase and back-off due PAR) have been added together. The column shows how much power margin the UE should have (i.e. how far from the maximum power the UE is operating) when it does not transmit HS-DPCCH in order to be capable of transmitting all three code channels, DPCCH, DPDCH and HS-DPCCH without degradation in ACLR performance. 

In figure 2 the information from table 1 is in graphical form. 
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Figure 2. Power increase + need for maximum power reduction when HS-DPCCH is transmitted with Bhs=24
UL cell planning in the existing networks is done based on DPCH (DPDCH&DPCCH) coverage. Simplified link budget calculations for UL reference channels listed in TS 25.104 are shown in Table 2 and it can be seen that link budget is not determined by 12.2kbps service or by DTX but by higher information bit rate services. The last row in Table 2 shows the difference between the link budgets of different information bit rate services.

Table 2. Simplified link budget calculations for UL
[image: image5.png]Case 1 (3kmih) 122Kops | 32kbps | B4kbps | 144kbps | 384kbps | DTX
EbiNo (TS 25.104) 119 92 92 84 88 B!
DPDCH Ec/No 150 | 132 | 87 63 17 B!
DPCCH EciNo 176 | 167 | 151 | 158 | 112 | -112 ldg
UE output power 21 21 21 21 21 21 [dBm
UE DPDCH channel power 18.1 184 189 205 205 e
UE DPCCH channel power 164 159 145 110 110 21 [dBm
B5 Noise Floor (NF=508) 1030 | 1030 | -1030 | -103.0 | -1030 | -103 |dBm
Required DPDCH_Ec 1178 | 1161 | 1126 | -109.3 | -1048 -~ JoBm
Required DPCCH_Ec 1206 | 1187 | 1181 | 1188 | 1142 | -114.2 [dBm
Link budget 1370 | 1355 | 1325 | 1298 | 1252 | 1352 [dB
Delta to minimum 119 104 74 47 0.0 100 |dB





Let’s assume that network has been dimensioned for 384kbps information bit rate i.e. that 384kbps service can be supported over the whole network. If it’s further assumed that HSDPA must be supported over the whole network as well without degradation in UL information bit rate and that 4dB power offset between HS-DPCCH and DPCCH is required, we can see from the Table 1 that 1.08dB power margin in UL is needed (0.99dB due HS-DPCCH and 0.09dB due PAR increase). If this is taken into account in network dimensioning, we can discover by comparing the Table 1 and Table 2, that HSDPA can be supported over the whole network area with lower information bit rate services and with DTX. The link budget increase with lower bit rate services is always higher than additional power needed by HS-DPCCH plus power reduction needed due to PAR increase.

Similar calculation can be done assuming that the original network dimensioning was done for 64kbps information bit rate. In this case 2.41dB power margin is needed (1.95dB due to HS-DPCCH and 0.46dB due to PAR increase) but if this has taken into account, HSDPA can also be supported with lower information bit rate services.

Link budgets can be converted to radius of the cell using macro cell path loss formula from TR 25.942 [16]. The relative cell radius with 12.2, 32 and 64kbps information bit rate has been shown in Table 3. For HSDPA 64kbps UL, the cell radius shrinks from 100% to 88.7% since power must be divided between all three-code channels. However 32kbps service can cover almost the original 100% even with 1dB reduction in maximum output power, similarly 2dB maximum output power reduction can be allowed for 12.2kbps service. In Table 4 relative cell radius has been calculated using (hs=15 and then cell radius with 32kbps+HSDPA+1dB power reduction and 12.2kbps+HSDPA+2dB power reduction is ~2-7% larger than with 64kbps without HSDPA.

Table 3. Relative cell radius with (hs=24
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Table 4. Relative cell radius with (hs=15
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UL coverage simulations

UL coverage simulations have been done using radio network planning tool where simulated three sector network was first dimensioned so that 64kbps UL coverage without HS-DPCCH was 95%.

Assumptions:

· Every UE is constantly transmitting HS-DPCCH

· (ACK= (NACK= (CQI
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Figure 3. 64kbps UL coverage without HS-DPCCH – REFERENCE
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Figure 4. UL coverage with HS-DPCCH ((hs=24)
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Figure 5. UL coverage with HS-DPCCH ((hs=19)
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Figure 6. UL coverage with HS-DPCCH ((hs=15)
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Figure 7. UL coverage with HS-DPCCH
Results shown above are in line with link budget analysis presented in previous section.

2.2 Gain factor dependent reduction of UE maximum output power
Analysis done in previous chapters shows that if no power reduction is allowed for 64kbps service and 1dB and 2dB reductions are allowed for 32kbps and 12.2kbps services the system impacts in network dimensioned for 64kbps service are minimal. Analysis was however done using gain factors of reference measurement channels in 25.104 [7] and input from operators [15] show that wider range of (c/(d is in practice needed in order to operate the network efficiently. It’s therefore proposed that two-breakpoint solution that was earlier presented in [13] is used to solve the problem but breakpoint are set in a way that they allow effective network operation with different information bit rate services and their combinations.

When UE transmits HS-DPCCH, its maximum output power during the DPCCH time slots shall be the value specified in table below depending on the gain factors of DPCCH and DPDCH.

Table 5. UE maximum output power 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


3 Conclusion

HSDPA system performance with gain factor dependent maximum power reduction has been analysed and it’s shown that with proper selection of the breakpoints the impact is small. Two-breakpoint solution for maximum power reduction is proposed in Table 5.

It is on our understanding that the reduction in the maximum UE TX power is likely to happen in the areas where HSDPA cannot anyway be supported. Some coverage reduction for HSDPA service, when compared to Rel-99, may though happen but it is not significant compared to the benefits that the power reduction provides.
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