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1. Introduction

During the study phase of HetNet, the quality of F-DPCH was evaluated [1] and it was concluded that F-DPCH is reliable within 9dB CIO when LPN is the serving cell. For a SHO UE, if LPN is the non-serving cell while Macro is the serving cell, the DL TPC will not track the F-DPCH quality from the LPN, but from the Macro. In this contribution, we evaluate the F-DPCH performance when LPN is the non-serving cell. Some suggestions to achieve sufficient quality of F-DPCH from the non-serving LPN are discussed. 
2. Discussion

Due to the transmit power difference of the Macro and LPN, there is an UL/DL imbalance region marked AB in Figure 1, where the UL boundary is the location that UE has the same received SINR at both Macro and LPN, and the DL boundary is the location that UE can receive the same strength of Macro and LPN signals. In this imbalance region, UE has better UL at the LPN while better DL at the Macro. When a UE is located in the CB region, its serving cell is Macro and non-serving cell is LPN. UE DL TPC will only track the performance of the F-DPCH from Macro, while both Macro and LPN F-DPCH transmit power will follow the DL TPC commands from this UE. It is possible that the F-DPCH quality from the non-serving LPN would be very poor, causing excessive UL interference to the LPN, although this UE is in the SHO of Macro and LPN.
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Figure 1: Imbalance region in HetNet
2.1 Performance of F-DPCH from the non-serving LPN
For a SHO UE in the CB region where Macro is the serving cell and LPN is the non-serving cell, both Macro and LPN send F-DPCH to that UE. The UL TPC commands sent by the UE are generated by tracking the SIR of the DL F-DPCH sent by the serving cell. This will ensure a good reception of the F-DPCH from the Macro while the F-DPCH from the non-serving LPN can be poorly received, especially when RSCP difference of the Macro and LPN is large. Assuming a 3dB CIO and 3dB R1a, the Macro/LPN RSCP difference of a SHO UE could range from 3dB to 6dB. We use link level simulations to evaluate the non-serving F-DPCH performance at different locations. 
The simplified HetNet topology in [1] is used and the Macro and LPN Ior/Ioc values at the locations under evaluation are listed in the following Table 1. Some relevant simulation assumptions are listed in Table 2.
Table 1: LPN Ior/Ioc and Macro Ior/Ioc at different RSCP difference
	RSCPMacro – RSCPLPN
(dB)
	LPN Ior / Ioc

(dB)
	Macro Ior / Ioc
(dB)

	0
	10.45
	10.45

	3
	7.7
	10.7

	6
	4.98
	10.98

	9
	2.29
	11.29


Table 2: Simulation assumptions

	Parameter
	Value

	Number of antennas at the UE
	2

	Max F-DPCH Ec/Ior
	-10 dB

	Channel Estimation
	Realistic

	Propagation Channel
	PA3

	Target TPC BER
	4%


When the UE DL TPC tracks the Macro F-DPCH, as in normal SHO operation, the resulting TPC BERs for F-DPCH from Macro and LPN, for various RSCP difference values are listed in Table 3.
Table 3: Macro and LPN TPC BER when the UE DL TPC tracks the Macro F-DPCH quality

	RSCPMacro – RSCPLPN
(dB)
	Macro F-DPCH

TPC BER 

(%)
	Averaged Macro F-DPCH Ec/Ior (dB)
	LPN F-DPCH

TPC BER 

(%)
	Averaged LPN F-DPCH Ec/Ior (dB)

	0
	3.8
	-22.8
	8
	-22.8

	3
	4.3
	-25.7
	16
	-25.7

	6
	3.9
	-27.5
	23.7
	-27.5

	9
	4
	-29
	31.7
	-29


It can be seen that the Macro F-DPCH TPC BER is always controlled around 4% while the LPN F-DPCH TPC BER is much higher. The averaged LPN F-DPCH Ec/Ior and Macro F-DPCH Ec/Ior are the same. This is because the LPN F-DPCH power follows the DL TPC while the DL TPC is controlling the Macro F-DPCH quality. TPC BER values above 20% could not be tolerated because this UE will generate excessive UL interference to the LPN, reducing then the LPN UL performance.

If a constant power offset is applied to the LPN power controlled F-DPCH Ec/Ior, the LPN TPC BER can be improved as shown in Table 4. However, with a constant power offset the power consumption on F-DPCH increases compared to the case when the UE DL TPC tracks the LPN F-DPCH. The power consumption is shown in Table 5. The results in Table 5 are extracted from [2].
Table 4: LPN TPC BER with constant power offset when the UE DL TPC tracks the Macro F-DPCH quality

	RSCPMacro – RSCPLPN
(dB)
	Power offset 

(dB)
	LPN F-DPCH

TPC BER 

(%)
	Averaged LPN F-DPCH Ec/Ior (dB)

	0
	5
	3.3
	-17.9

	3
	10
	3.7
	-15.9

	6
	15
	3.6
	-13.3

	9
	20
	3.4
	-11.2


Table 5: LPN TPC BER when the UE DL TPC tracks the LPN F-DPCH quality

	RSCPMacro – RSCPLPN
(dB)
	LPN F-DPCH

TPC BER 

(%)
	Averaged LPN F-DPCH Ec/Ior (dB)

	0
	4.1%
	-22.5

	3
	4.2%
	-19.6

	6
	4.6%
	-16.8

	9
	3.8%
	-13.1


From the above results, it can be seen that when the RSCP difference is large, for legacy power control, a power offset is required at the LPN to avoid high TPC BER for F-DPCH. If instead UE TPC could track the LPN F-DPCH quality at 4% TPC BER, we can see that about 2~5dB can be saved on F-DPCH power for various RSCP differences.

3. Conclusions

In this contribution, we have evaluated F-DPCH performance from the non-serving LPN when the UE is in the SHO region. The performance of F-DPCH from the non-serving LPN is poor when RSCP difference is over 6dB, and this would cause excessive UL interference to the LPN. This issue may degrade the performance of HetNet deployments, especially when the LPN expands the UL coverage as in E-DCH decoupling operation. In order to benefit the UL performance of HetNet, a power offset can be applied to the F-DPCH transmitted by the non-serving LPN so that reliable reception can be ensured. Alternatively the UL TPC of the SHO UE could track the LPN F-DPCH SIR to ensure sufficient reception quality.
Proposal: Capture the evaluation results on the reliability of F-DPCH from the non-serving LPN in the TR.
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