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1
Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on physical layer structure alternatives due to UL MIMO for HSPA to the Technical Report [2].

2
Text Proposal

[----------------------------------------------------------- TEXT START -----------------------------------------------------------]

6
Aspects of Hetnets

6.1
Interference in co-channel scenario

6.1.4    Uplink/Downlink Imbalance Issues
Since the active set maintained at the UE is currently based on the signal strength on the downlink, this leads to a smaller coverage area for the LPN since it transmits at a lower power level as compared to the Macro cell. However, when considering the uplink, the coverage areas correspond to the received signal strength at the Macro and the LPN. This leads to somewhat equal coverage areas on the uplink. The difference in uplink and downlink coverage areas in heterogeneous networks is referred to as Uplink/Downlink imbalance and is illustrated in Figure xx where there is a distance between the UL and DL boundaries. The DL boundary is defined as the point where the downlink signals are at equal strength. The UL boundary is defined as the point where UE causes same SINR at both the Macro and the LPN. 
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Figure xx: Imbalance in UL/DL coverage areas caused by transmit power differential between Macro cell and LPN

6.1.4.1
Impact on HS-DPCCH

Consider the soft handover region between the Macro and the LPN as shown in Figure xx. The Macro cell (being the more dominant cell) is more likely to be the serving cell. However, note that the uplink to the LPN is much better when the received pilot SNR on the UL is considered. Since both the Macro and the LPN power control the UE, the transmit power of the UE would largely be driven by the LPN. As a consequence, the HS-DPCCH channel which carriers the HARQ-ACK and CQI information maynot be reliably decoded at the serving (macro) cell. In this scenario, unreliable HARQ-ACK decoding, especially high ACK to DTX error, could cause unnecessary retransmissions and degrade the DL throughput performance.

This impact on the HS-DPCCH is demonstrated by a simulation. In the simulation conducted, the LPN’s have a transmit power of 30dBm and have the same UL noise figure (sensitivity) as the macro-cell. The cell that has the strongest received CPICH RSCP at the UE receiver is assigned to be the serving cell. 

Since the pilot consumes 10% of the total power at each node, the largest UL imbalance is effectively the power difference between the LPN and the macro-cell which is around 13dB in this example. 

UL/DL imbalance is computed for each UE in the system as follows:
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Figure 3 shows the imbalance distribution for the UEs in soft handover in the entire system. 
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Figure 3: UL Imbalance CDF for SHO UEs
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Figure 4: HS-DPCCH ACK->DTX Error Prob CDF


From Figure 3, it can be seen that 20% of the UEs that are in SHO observe UL imbalance higher than 8dB. This corresponds to around 8% of the total UE population. Those UEs would be received with quite low pilot SINR values (~ -30dB) at the serving cell. Finger tracking loops in practical receivers would be challenged at such low pilot power levels. This would in turn affect the decoding performance of the HS-DPCCH channel as shown in Figure 4.

Figure 4 shows the ACK -> DTX error probability CDF for the whole UE population. This is caused by UL/DL imbalance which in turn is a consequence of the differing transmit power levels of the Macro and the LPNs. High ACK -> DTX probabilities lead to additional DL retransmissions which affect DL throughputs. 

[------------------------------------------------------------- TEXT END -----------------------------------------------------------]
3
Conclusions

It is proposed to agree to and capture the text proposal on the Uplink/Downlink imbalance issues as presented in this document to the UMTS Hetnet TR [2].
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