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Introduction

Several RAN4 contributions have considered the reduction of the coverage of R99 bearers when a HS-DPCCH is superposed in the uplink and the UE TX power is reduced to meet the spectrum leakage requirements. The R99 link budget is reduced in the uplink by an amount corresponding to the UE power increase and a required power reduction due to an increase of PAR, see [1] for example. 

The cell size is normally determined by the link budget in the uplink assuming a certain service, a cell coverage probability (e.g. 95%) and an additive load dependent interference margin. A reduced UE TX power back-off during HS-DPCCH transmission will make the link budget tighter; a minimized back-off will of course alleviate the problem of a reduced DPCH uplink coverage. However, to obtain a reasonable HSDPA throughput in downlink a significant amount of HS-PDSCH power needs to be allocated, which will increase the intra-cell interference (and the transmitted Node B power) to the downlink DPCH and reduce its coverage probability. Hence the DPCH (e.g. PS 32 kpbs) may be lost in the downlink direction even if the maximum path loss for the uplink is still not exceeded. The proposed reduction of the maximum path loss by a back-off in the uplink is then of less importance since the downlink DPCH is lost anyway.   

The downlink should also be considered when assessing the system impact of a back-off due to the increased PAR when transmitting HS-DPCCH. This contribution shows that the system impacts of a 1 or 2 dB back-off is likely to be very limited. An unnecessarily restrained back-off may lead to a more expensive PA and a more excessive battery drain in the UE. For the overall complexity of HSDPA will in itself place difficult requirements on the UE power consumption, see [2] for example.

Impact of HSDPA downlink on DPCH coverage

In WCDMA the uplink or downlink can fail while the link in the other direction experiences absolutely no problems. For most purposes, the maximum path loss or the maximum coupling loss for the DPCH is best decided by the uplink link budget, which is dependent on the load (that includes the HS-DPCCH in question). The UE output power will mainly be determined by the coupling loss. The situation is more complex in the downlink with the intra-cell (including control-channel) interference experiencing the same coupling loss as the desired signal. Furthermore, the downlink interference varies with the terminal location and is significantly higher at the cell border than at the cell centre due to the inter-cell interference. This means that the link power for the downlink will only show a slight dependence on the coupling loss. 

For the DPCH (like in most other cases) it is relevant to consider a balanced link budget, i.e. the coverage should be the same in both directions. In [1] the reduction of the cell radius due to the required reduction of the UE TX power for DPCH is calculated based on the conditions in the uplink. For 64 kbps, for example, there is a reduction of the cell range when HS-DPCCH is transmitted, while the lower data rates, 32 kbps and 12.2 kbps, can be supported over the entire cell (radius based on the 64 kbps without HSDPA). Now, in order to get a reasonable throughput when HSDPA is deployed in the cell, a substantial amount of power for the HS-DSCH needs to be allocated in the Node B, as shown by many simulation results [3]. Then the interference in the downlink will increase and the coverage probability of the DPCH (64 kbps in this case) will be reduced. Hence, regardless of any UE power reduction in the uplink, the probability that the downlink DPCH is supported at the cell edge will be low anyway due to the scheduled HSDPA power.    

To assess the effect of the downlink, simulations have been made assuming a uniformly loaded network (same Node B output powers in all the cells). Two cases are considered in which HS-DSCH Ec/Ior is equal to –6 and –3 dB, respectively, for both the PS 32 and PS 64 kbps services. It is also assumed that the maximum Node B output power for these services is limited by a parameter DL_max_power, which is given in relation to the CPICH power. 

First, the case of a network dimensioned by the PS 64 kbps service is considered: HS-DSCH Ec/Ior = -6 dB, CPICH_Ec/Ior = -7.5 dB, DPCH_ Ec/Ior = -4.1 dB (at maximum power) and the remaining power is summed up to a total output power of P_tot = 39.5 dBm. Hence, for the 64 kbps in this case, DL_max_power = 3.4 dB. Figure 1 shows the relation between coverage probability of the DPCH and the maximum coupling loss in the downlink for both the single link case and soft handover. Notice that the coverage probability is only weakly dependent on the maximum coupling loss for lower values of the latter. 
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Figure 1. Downlink coverage for PS 64 kbps for a Node B output power of 39.5 dBm.
Suppose now that the maximum coupling loss (or path loss) has been determined by the uplink, it is clear that for any such value for the downlink (a balanced link is considered), the downlink PS 64 kbps coverage only be slightly above 90% of the cell at best. The uplink and downlink will not necessarily fail at the same location, but the likelihood that the downlink 64 kbps will be supported at the cell edge (where the interference is largest) is low. The effect of a DPCH power reduction (2.41 dB for 64 kbps according to [1]) during HS-DPCCH transmission and a resulting reduction of the uplink DPCH coverage will be insignificant.

The effect is of course more pronounced if the load is increased. Next, it is assumed that HS-DSCH Ec/Ior = -3 dB, CPICH_Ec/Ior = -9.2 dB, DPCH_ Ec/Ior = -5.8 dB and the remaining power is summed up to a total output power of P_tot = 41.2 dBm. The increased load in the downlink will further decease the coverage probability for the DPCH as can be seen in Figure 2.
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Figure 2. Downlink coverage for PS 64 kbps for a Node B output power of 41.2 dBm (high load).
Next the PS 32 kbps case is considered. For this service, the DL_max_power is set to a lower value, which is common in practice; 0.4 dB is used here. Now it is assumed that HS-DSCH Ec/Ior = -6 dB, CPICH_Ec/Ior = -7.5 dB, DPCH_ Ec/Ior = -7.1 dB (still at maximum power) and the remaining power is summed up to a total output power of P_tot = 39.5 dBm. From Figure 3 it is seen that the results are almost identical to the PS 64 kbps case, which is due to the lower DL_max_power. 
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Figure 3. Downlink coverage for PS 32 kbps for a Node B output power of 39.5 dBm.

Comparing the results in Figure 1 and 3, it is clear that there is no difference in the coverage probability of the PS 32 and PS 64 kbps services in the downlink, even if there is a difference in the uplink coverage for the two.  Note, however, that the required UE power reduction is larger for the PS 32 kbps service: 3.28 dB according to [1]. This will not be a problem for our case (with the lower DL_max_power for PS 32 kbps).

The case of a higher load is shown in Figure 4. Here, HS-DSCH Ec/Ior = -3 dB, CPICH_Ec/Ior = -9.2 dB, DPCH_ Ec/Ior = -8.8 dB and the remaining power is summed up to a total output power of P_tot = 41.2 dBm.
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Figure 4. Downlink coverage for PS 32 kbps for a Node B output power of 41.2 dBm (high load).

Notice that the R99 UE without any reduction of the UE TX power will also experience a poorer coverage of its DPCH due to the scheduled HSDPA bearers in the cell.

Conclusions and discussion

The proposed reduction of the total UE TX power when HS-DPCCH is transmitted and the resulting reduction of the UE power for a R99 bearer will not have a major impact on the system performance in terms of coverage. A back-off between 1 and 2 dB will have a marginal effect if any, and the effort on devising a complicated gain dependent reduction (the -factors) is perhaps not needed. The reduction of the downlink DPCH coverage is of course dependent on the downlink load, but the simulations show that a significant power has to be allocated to the HS-PDSCH in order to get an increase of system performance worth the investment.

A sufficient back off when HS-DPCCH is needed will imply cheaper UE power amplifiers and a lower battery drain. 
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