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1. Introduction

In order to support fast ACK/NACK transmission and CQI reporting from UE to Node B, a separate code channel, later known as the HS-DPSCCH, was 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. Later the impact of having a separate code channel which is not in soft handover with other cells have been exhaustively discussed in WG1 with various schemes proposed to reduce the power needed for the HS-DPCCH. In this document we would like to turn the attention to the impact a third code channel has on the UE implementation due to the increased peak-to-average-ratio (PAR) caused by increasing the number of code channels in the UL from 2 to 3.

2. PAR Increase

2.1 Increased PAR

It is a known fact that the more codes introduced, the higher the PAR will be. For the two code case, one in-phase and one quadrature code, the PAR in UL WCDMA has been minimized by choosing a complex scrambling scheme that significantly reduces the number of 0( and 180(phase shifts. A third UL code channel introduces more points in the signal constellation, which reduces the effect of the complex scrambling scheme and the PAR increases. Figure 1 shows the increased PAR caused by introducing HS-DPCCH. The increased PAR has been simulated for all DPDCH/DPCCH/HS-DPCCH gain settings currently allowed in the specifications. In the simulations, the PAR was measured after transmit filtering. The reference for the PAR is the case where no HS-DPCCH is transmitted.
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Figure 1 PAR increase as a function of UL DPDCH, DPCCH and HS-DPCCH gain settings

From the simulation results, it can be seen that the worst-case increase in PAR is as high as 2.3 dB. This occurs when the power for all three code channels are in the same range. 

2.2 Impact on UE implementation

If no limitation is made to the allowed gain settings for DPDCH, DPCCH and HS-DPCCH when the UE is at maximum power and the maximum output power requirement for multi-code transmission in TS 25.101 is kept as it is today, the increased PAR needs to be included in the UE TX design. This has several impacts to important UE properties as listed below.

· Decreased battery operating time. Increased PAR means that the power amplifier (PA) must be operated at a higher back-off due to the increased dynamic range of the output signal. Increased back-off means decreased PA efficiency. Reduced power efficiency means again reduced the battery operating. Due to the extra power needed for the HS-DPCCH, a UE in HSDPA mode will be operating closer to its maximum power level more often than when it is not in HSDPA mode. This means that the PA efficiency has an even larger impact on the battery operating time for an HSDPA UE.
· Increased UE form factor. The form factor, i.e. size and shape of the UE, needs to be increased for two reasons. First of all, decreased PA efficiency means higher heat dissipation in the UE, which increases the size in order to be able to handle the increased heat. Secondly, if the battery operating time is to be kept at the same level, a larger battery is needed which increases the size of the UE even more.
· Increased UE cost. In order to be able to have the same maximum output power as earlier with increased back-off due to PAR, the new PA needed will in practice need to support a maximum output power equal to the maximum output power requirement from TS 25.101 plus the increased PAR. This means that a UE with 21 dBm output power, UE power class 4, needs to have a PA able to support an output power of 23.3 dBm when the PAR is 2.3 dB. This is close to the output power needed for UE power class 3, which is 24 dBm. The higher the output power, the higher cost for the UE RF.
All of the above impacts represent serious degradations to the attractiveness and competitiveness of the HSDPA UE. Finding ways of limiting the PAR increase to a minimum should therefore be thoroughly investigated. Nokia sees it as a problem that a DL enhancement adds so much complexity to the UL. Furthermore, requiring a more powerful PA in the UE should give comparable gain in UL and not only address requirements in the DL direction.

3. UL coverage in HSDPA mode

The coverage is defined as the area where a certain UL data rate can be supported. This leads to a certain power distribution between DPDCH and DPCCH. With the maximum output power remaining the same, the introduction of new HSDPA related signaling in the uplink means that at the cell edge, power needs to be taken from the DPDCH or DPCCH and given to ACK/NACK and CQI signaling. Since UL physical layer signaling needs to be maintained, the HS-DPCCH power will mainly be taken from the DPDCH by reducing the DPDCH data rate. Hence, it is not possible to achieve the same UL data rate at the cell edge with HSDPA as previously obtained without HSDPA.

The data rate reduction of the DPDCH must be done by limiting the TFC selection in the uplink to the TFCs in its TFCS that it has enough power available to support. Due to the short length of the HSDPA TTI compared to the DCH TTI, the TFC selection limitation is permanent when HSDPA is active, since it in worst case is not possible for the UE to know at the start of the UL DCH TTI if there will be a ACK/NACK transmission during the next TTI. This means that a UE in HSDPA mode operating at maximum power will have a constant UL data rate reduction. Also, the area in which the UE is at maximum power is much larger when it is in HSDPA mode.

In order to minimize the reduction in DPDCH data rate it is important that all means of minimizing the peak power used for ACK/NACK and CQI signaling are investigated.

With the current definition of UE maximum output power in TS 25.101, using a third multi code for ACK/NACK and CQI signaling does not influence the UL coverage as such since the UE must fulfill the maximum output requirement also during multi code transmission. However, as we showed in the previous section, the impacts of this maximum output power requirement to HSDPA UE attractiveness are so severe that we think that such a requirement must be reconsidered.

3.1 Effect of reducing the HS-DPCCH power

Lately, a discussion has been going on in RAN1 on different schemes reducing the HS-DPCCH power. From the curves in Figure 1 it can be seen that a significant reduction in HS-DPCCH power is needed in order to reduce the PAR increase. This means that for realistic HS-DPCCH power settings, increased PAR is unavoidable.

However, reducing the HS-DPCCH peak power can make it more acceptable to allow the increased PAR to “eat” some of the total power available. Table 1 shows an example of how reducing the HS-DPCCH power, reduces the effect the increasing PAR has on the available DPDCH power. Case 1 is the reference case without HSDPA where the DPDCH to DPCCH power ratio is 9.54 dB. When HS-DPCCH is added, the DPCCH power is kept constant and the DPDCH power is reduced in order to accommodate the needed HS-DPCCH power. Finally, the PAR is also included in the total power budget and the effect on the DPDCH power of reducing the output power in order to accommodate the PAR increase is shown.

Table 1 Available DPDCH power for different HS-DPCCH power
	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	Required HS-DPCCH to DPCCH gain factor 
	0/15
	30/15
	24/15
	19/15
	15/15

	HS-DPCCH to DPCCH power ratio [dB]
	-(
	6
	4.1
	2.1
	0

	
	dBm
	%
	dBm
	%
	dBm
	%
	dBm
	%
	dBm
	%

	Maximum output power
	21
	100
	21
	100
	21
	100
	21
	100
	21
	100

	DPCCH power
	11.0
	10
	11.0
	10
	11.0
	10
	11.0
	10
	11.0
	10

	HS-DPCCH power
	-(
	0
	17.0
	40
	15.1
	26
	13.1
	16
	11.0
	10

	Available DPDCH power without PAR limitation

	20.5
	90
	18.0
	50
	19.1
	64
	19.7
	74
	20.0
	80

	PAR increase [dB]
	0
	
	2.218
	
	1.634
	
	1.315
	
	0.957
	

	Available DPDCH power with PAR limitation

	20.5
	90
	11.0
	10
	16.2
	33
	17.8
	48
	18.8
	60


The gain from reducing the peak HS-DPCCH power can clearly be seen from the table. It can also be seen that reducing the required HS-DPCCH power also it more acceptable to relax the maximum output power requirement to accommodate the increased PAR. E.g. by reducing the peak power for the HS-DPCCH by 6 dB, i.e. Case 5, 60 % of the power is available for the DPDCH after PAR, compared to 50% before the PAR was added in Case 2.

4. Possible ways forward

4.1 Status Quo

The uplink signaling as it is specified is a working solution. However, as we have shown above, the UE impact of supporting the maximum output power requirement also with multi codes reduces the UE attractiveness significantly. Some solution to improve the situation is needed.

4.2 Relaxing maximum output power requirement and applying the TFC selection scheme

A way of avoiding the PAR problem is to limit the UL data rate to accommodate both HS-DPCCH power and increased PAR. This means that UE in HSDPA will apply limitations to its TFC selection when it is at its maximum output power in a similar way that is currently defined, but with the additional possibility to limit the TFC selection further due to the increased PAR. This provides a simple solution to the PAR problem, but with some capacity decrease.

4.3 Improving the HSDPA UL signaling in future releases

As shown earlier in this contribution, the impact to UE implementation of having a third code channel for HSDPA UL signaling is severe. In order to avoid a HSDPA solution where the increased downlink capacity results in severe limitations to UL capacity and compromises UE attractiveness, Nokia thinks that studies of alternative ways of doing HSDPA UL signaling should be considered for future releases. Such studies should not be limited to enhancements of the HS-DPCCH, but also include alternatives to HS-DPCCH for UL HSDPA signaling.

5. Conclusion

In this paper, we have shown that the effect of increased PAR due to the introduction of the HS-DPCCH is severe to the UE TX design.

We do not see that drastic changes can be made to the UL signaling in a Release 5 timeframe. For this reason we propose to apply the TFC selection limitation scheme allowing for reduced maximum output power when the HS-DPCCH is being transmitted. RAN WG1 should send liaison statements to RAN WG4 regarding the possibility of reducing the maximum output power in case of increased PAR. Also, a liaison statement should be sent to WG2 about the feasibility of using and possible minor modifications to the TFC limitation scheme for this case.

For later releases a redesign of the HSDPA UL signaling should be studied in order to minimize the PAR increase problem while not compromising the UL capacity/coverage.







� Remaining DPDCH power after HS-DPCCH has been allocated some of the power previously allocated for DPDCH. Corresponds to keeping the maximum output power requirement as currently in the specifications.


� Remaining DPDCH power when the UE is allowed to decrease its output power due to the increase in PAR.
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