TSG-RAN Joint Working Group 1 and 4 meeting Ad Hoc

R1-040103
Espoo, Finland 30th Jan, 2004
Source:
NOKIA

Title:
System impacts of maximum power reduction due to the increased PAR with HS-DPCCH

Agenda item:

Document for
Discussion
__________________________________________________________________________
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-DPSCCH has been introduced. The main reason for using a separate code channel was to ensure backwards compatibility with Release’99 base stations in cases where HSDPA is not deployed in all cells in the system. Introduction of third uplink code channel increases the PAR (Peak-to-Average Ratio) and modifies the shape of power probability function and sets more stringent linearity requirements for UE transmitter. PAR issue was discussed in last RAN WG4#29 meeting where several companies 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, see [1,2,3,4,5].

An idea of power reduction when UE is transmitting close to or at the maximum power as presented in [1] was seen as one feasible way of solving the problem. LS was sent from RAN WG4 to RAN WG1 in order to know whether RAN1 agrees with RAN4 that the proposed solutions would address the identified problem or whether RAN1 sees that this causes serious impacts on the system performance, see [9].

2 Discussion

In order not to introduce more stringent linearity requirements for HSDPA capable UEs a power reduction at maximum output power should be allowed when HS-DPCCH is transmitted. On the other hand, in order to not affect system performance when HS-DPCCH is not transmitted the power reduction should be allowed only during the DPCH slots where HS-DPCCH is transmitted. Furthermore power reduction is needed only when output power is close or equal to maximum output power. In practice this would mean that UE would reduce the maximum output power if output power in the DPCH slots with HS-DPCCH would be close or equal to maximum output power or output power with HS-DPCCH would exceed the maximum output power and UE uses output power scaling as specified in [8].
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Figure 1. Power reduction (additional back-off) when HS-DPCCH is transmitted
2.1 TFC selection

When UE reaches power-limited situation it cannot any longer support the transmission of a given TFC and the UE has to change to another TFC it can support unless the UE is already using the minimum set of TFC. This procedure has been described in TS25.133 and 25.321 but some clarifications to the requirements in the context of HS-DPCCH are still needed to the requirements of TS25.133. RAN4 has already made a principle agreement how the needed clarification should be implemented to the TFC selection requirements but final agreement on a wording should still be made so that the actual CR can be approved. The latest version of the CR can be found from the reference [14].

It is our understanding that the reduced maximum output power should not be considered when evaluating the TFC selection criteria. If a certain TFC would require max power or more without power reduction, it is considered a "hit" in the TFC selection criteria. Hence, reduced maximum power due to increased PAR should not affect the TFC selection.

In the case that the total UE transmit power after applying DPCCH power adjustments and gain factors would exceed the maximum allowed value, the UE shall apply additional scaling to the total transmit power so that it is equal to the maximum allowed power. This additional scaling shall be such that the power ratio between DPCCH and DPDCH and also DPCCH and HS-DPCCH remains unchanged.

Since SHO regions are likely to be problematic areas for HS-DPCCH since HS-DPCCH signals received in different base stations can not combined, the network has to be prepared to deactivate the HSDPA service for a UE that cannot support HS-DPCCH transmission in uplink with the required power. Otherwise the UE may end up in a situation that even critical handover related messages on DCCH (which is mapped to UL DPCH) cannot be sent to the network.

If the network does not follow the situation of a UE and furthermore it does not deactivate DL HS-DSCH for a UE that is in power-limited situation, this UE cannot transmit HS-DPCCH with a power it should (due to L1 scaling at the maximum power) and therefore it is unlikely that the network will receive ACK, NACK or CQI correctly. If the network has not configured proper triggers for evaluating that a UE is outside the HSDPA service, HSDPA scheduler in the network keeps repeating the same data to that UE until the maximum number of repetitions is reached and at the same time reliability of CQI reporting is degraded as CQI has to be reported to the network even if no data on DL HS-DSCH is scheduled to that UE. Hence, there is an increased risk that network reserves resources for a UE that cannot benefit from them and therefore network resources are clearly wasted.

2.2 HS-DPCCH and UL PAR increase

Nokia and other companies showed in the last RAN4 meeting that PAR (Peak to Average Ratio) increase in UE UL due to the introduction of HS-DPCCH can be with the worst case parameter combination of (c, (d and (hs as high as 1dB and that about 2dB power reduction is needed to meet the same ACLR performance as without HS-DPCCH. It was also proposed that in order not to introduce more stringent linearity requirements for UE transmitters a UE would be allowed to reduce the maximum output power during those slots where it’s transmitting also HS-DPCCH (UE transmits DPCCH, DPDCH and HS-DPCCH or DPCCH and HS-DPCCH) by 2dB if necessary. It was also proposed that system impacts of the 2dB maximum power reduction should be analysed.

PAR increase with all allowed (c, (d and (hs combinations is shown again in figure below. Left hand side of the Figure 2 shows PAR increase when (d > (c, which is the case in all UL reference channels and right hand side shows PAR increase when (d < (c. It’s easy to see that PAR increase on the right hand side is significantly higher than on the left hand side where maximum PAR increase is ~0.6dB with parameter setting (c/(d/(hs is equal to 15/15/19. Right hand side of the Figure 2 also shows PAR increase for one special case where (d is 0 that is also called as DTX state. The worst case PAR increase in DTX state is according to simulations just above 1dB when (c/(d/(hs is equal to 15/0/15.
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Figure 2. 99.9% PAR increase with HS-DPCCH with different (hs gain factors
Mapping between the PAR increase and needed power reduction in order to reach same linearity is very implementation specific issue but simulation results in [1 and 5] show that 1:1 is not enough but that 1:2 relation in dB domain is closer to reality. This can be explained with higher probability of power exceeding the average power as explained in [1].

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 PAR increase with all possible (hs values for UL reference channels mentioned in 25.104 has been shown in Figure 3. Simulation results shown so far in RAN WG4 about base station HS-DPCCH signaling (ACK/NACK) detection performance, in [10, 11, 12 and 13], indicate that power of HS-DPCCH should be 2 to 3dB higher than power of DPCCH in order to reach low misdetection probability. Power increase and required maximum power reduction due PAR increase with (hs=24 and (hs=30, that equal to HS-DPCCH/DPCCH ratios of 4 and 6dB respectively, have been collected into the Table 1. 

[image: image3.wmf]Power increase

with reference channels in 25.104

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

0

5

6

8

9

12

15

19

24

30

Bhs

(dB)

12.2kbps (15/11)

64kbs (15/8)

144kbps (15/5)

384kbps (15/5)

DTX (0/15)

[image: image4.wmf]Need for maximum power reduction

with reference channels in 25.104

0.000

1.000

2.000

3.000

4.000

5.000

6.000

7.000

8.000

0

5

6

8

9

12

15

19

24

30

Bhs

(dB)

12.2kbps (15/11)

64kbs (15/8)

144kbps (15/5)

384kbps (15/5)

DTX (0/15)


Figure 3. 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 and Bhs=30
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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 when power ratio of DPCCH/DPDCH is close to 1. Table 1 also shows that need for power reduction due to increased PAR is also high with lower information bit rates. For 12.2kbps channel the need for maximum power reduction with (hs=30 is 0.86dB where only 0.11dB is needed with 144 and 384kbps channels. With all UL reference channels and in DTX the required maximum power reduction needed is significantly lower than power increase that is caused by the introduction of new code channel. The last column, where the two previously mentioned parameters have been added together, tells how much power margin (in other words how far from the maximum power) the UE should have when it does not transmit HS-DPCCH in order to be capable of transmitting all three code channels, DPCCH, DPDCH and HS-DPCCH, with sufficiently high power when needed without degradation in ACLR performance.
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Figure 4. Power increase + need for maximum power reduction when HS-DPCCH is transmitted with Bhs=24 and Bhs=30

The current UL cell planning in the networks is done based on DPCH 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. 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 reference channels in 25.104
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Now 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 6dB power difference between HS-DPCCH and DPCCH is required the Table 1 shows that 1.57dB power margin in UL is needed (1.46dB due HS-DPCCH and 0.11dB due PAR increase). When this has been 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 also with lower information bit rate services and with DTX since link budget increase with lower bit rate services is always higher than additional power plus power reduction needed due PAR increase.

Similar calculation can be done assuming that original network dimensioning was done for 64kbps information bit rate. In this case 3.26dB power margin is needed (2.75dB due HS-DPCCH and 0.51dB due PAR increase) but when this has been taken into account HSDPA can also be supported with 12.2kbps information bit rate and with DTX.

3 Conclusion

Power reduction needed due to PAR increase when HS-DPCCH is transmitted, depends on the (c/(d/(hs gain factors. With the worst case gain factor combination a need for power reduction is 2dB but with typical parameters PAR increase is lower and therefore the need to reduce the maximum output power is about 1dB.

If no relaxations to the current UE minimum performance requirements are allowed UE transmitter linearity needs to be improved by 2dB in order to fulfil ACLR requirements with all possible (c/(d/(hs gain factor combinations. However in real network the combinations, that produce highest PAR, will be seldom used, except DTX, but in DTX the UE will have enough power margin and will not transmit close to the maximum output power hence there’s no need to reduce the maximum power either.

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 R99, may though happen but it is not significant compared to the benefits that the power reduction provides. We also believe that the reduction of the maximum UE transmission power does not add any complexity in the network. 
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