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Discussion
1. Introduction

During the study phase of HetNet, UL/DL mismatch has been identified. UE in the mismatch region has better UL at the LPN but better DL at the Macro. In order to minimize the negative effect of DL/UL mismatch, E-DCH decoupling has been proposed. With E-DCH decoupling, the LPN sends the UL grants/UL Tx power allocation to the UE [1]. In this way, UE’s UL is served by the LPN while DL is served by the Macro. In this contribution, further analysis is given, showing the benefits and potential issues of E-DCH decoupling.

2. Discussion

Due to the transmit power difference of the Macro and LPN, there is a UL/DL imbalance region as illustrated in the AB region in Figure 1. The UL boundary is the location where UE has the same received power at both Macro and LPN, and the DL boundary is the location where UE can receive the same signal strength of Macro and LPN. In this imbalance region, UE has better UL at the LPN while better DL at the Macro. 
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Figure 1. Imbalance region in HetNet
Figure 1 shows an example where B is the serving cell change point, and CD is the SHO region. For the UEs in region CB, Macro is the serving cell and LPN is the non-serving cell. The UEs in this region would suffer UL control channel reception issue at the Macro side. As Macro is the serving Node B for both HS-DSCH and E-DCH, the HS-DPCCH, Scheduling Information (SI) and happy bit need to have sufficient quality at the Macro. The power control procedure for the SHO UE in this region, however, would cause those UL channels insufficient qualities at the Macro but sufficient quality at the LPN. As a result, when a UE is in the CB region, the HS-DSCH performance is degraded by poor reception quality of HS-DPCCH, and the E-DCH performance is also degraded by poor reception quality of SI and happy bit.
E-DCH decoupling has been proposed to improve the uplink performance of the UE in the CB region. As described in the TR [1], the E-DCH serving cell is located at the LPN, and it is the LPN to control the RoT budget for these UEs instead of Macro Node. Grants for these UEs are determined by the LPN, not the Macro Node, and it is then the LPN to receive the SI and happy bit. Since these channels are received at the LPN with sufficient quality, the UE’s E-DCH performance can be improved compared with the case when Macro is the E-DCH serving cell. However, it should be noted that E-DCH decoupling alone cannot improve the HS-DPCCH reception quality at the Macro. Solutions discussed in the study phase [1] can be used in addition to E-DCH decoupling to mitigate the control channel reception issues for both HS-DSCH and E-DCH.

Since the HS-DSCH serving cell is located at the Macro while E-DCH serving cell at the LPN, the downlink control channels sent from the LPN are different compared with the legacy configuration. In the following section, we will analyze the downlink control channels for both legacy UE and R12 UE.

2.1 Downlink control channel analysis for legacy UE

The required downlink control channels for E-DCH decoupling include F-DPCH, E-AGCH, E-RGCH and E-HICH. In this section we give the analysis for these channels when E-DCH decoupling is applied to legacy UE.

· F-DPCH

In the CB region illustrated in Figure 1, UE’s UL TPC would be generated such that Macro’s F-DPCH reception quality is sufficient because Macro is the HS-DSCH serving cell. LPN’s F-DPCH, however, would risk insufficient reception quality at the UE because LPN's signal strength is worse than that of the Macro. The non HS-DSCH serving cell’s F-DPCH quality is a common issue for legacy system SHO UE, and implementation methods such as allocating more power to F-DPCH could be applied. 
· E-AGCH

As noted in [2], E-AGCH is determined by the LPN. However, since legacy UE in the CB region considers LPN as the non-serving cell, it could not receive LPN’s E-AGCH. So, E-AGCH needs to be transmitted to the legacy UE from the Macro and additional delay is introduced. The E-AGCH message needs to be routed from LPN to RNC then to Macro via IuB ports. A typical propagation delay for IuB port transmission would be 10~20ms, depending on implementation. Additional processing delays would occur. The function of E-AGCH is to determine the initial transmission of UE and change the grant of the UE. As E-AGCH is transmitted from the Macro, the quality of E-AGCH could be guaranteed.
· E-RGCH

Since legacy UE in CB region considers LPN as the non-serving cell, it can only receive LPN’s E-RGCH in 15-slot format and the content is always ‘RG DOWN’. As a result, the LPN cannot use ‘RG UP’ to increase the legacy UE’s grants like E-DCH serving cell does. It can require the Macro to send ‘RG UP’ however a similar delay as for the E-AGCH is introduced. If E-RGCH is transmitted from the LPN, the 15-slot format would have sufficient quality at the UE as the processing gain of 15-slot is large. If E-RGCH is transmitted from the Macro, the quality of E-RGCH could be guaranteed.

· E-HICH

LPN as the non-serving cell can send E-HICH to the UE. According to the evaluation results in [1], performance of E-HICH could be sufficient with small power consumption at the LPN.

2.2 Downlink control channel analysis for R12 UE

In general, R12 UE should be able to detect E-AGCH, E-RGCH and E-HICH from the LPN as an E-DCH serving cell so that the delay issue for legacy UE is mitigated. In order to guarantee F-DPCH performance, additional power is required at the LPN. In [1], evaluation of LPN’s E-HICH has been done and no reception issue has been shown when UE is located in the region where LPN’s downlink is worse than that of Macro. As E-RGCH shares the same format with E-HICH, its reception quality would also be sufficient at the UE. E-AGCH carries more information than E-HICH/E-RGCH however its spreading gain is higher because it is SF256. Here we give a simple link level simulation evaluation of the E-AGCH when UE is in the region where LPN’s downlink is worse than that of Macro. 
The same evaluation methodology described in [3] is used in the link simulations with a simplified HetNet topology. UE is located at a point where the difference between the Macro and LPN signal strength is IorMacro – IorLPN. If 3dB CIO and 4.5dB R1a are configured, the maximum signal strength difference of the Macro and LPN would be 7.5dB.  In the evaluation, we consider the cases when difference is 0, 3 and 6dB. Dual antenna UE is assumed.  The format of the LPN’s E-AGCH is 3-slot and no power control is used. Simulation results are shown in Table 1.
Table 1. E-AGCH performance for LPN UE at different CIO locations w/o power control

	IorMacro – IorLPN (dB)
	E-AGCH Tx Ec/Ior (dB)
	E-AGCH BLER

	0
	-20
	0.8%

	3
	-16
	1.5%

	6
	-12
	1.2%


It can be seen that around 1% BLER can be reached with moderate transmit power of the E-AGCH. The power consumption of E-AGCH is increased as the signal strength difference is increased. If power control is enabled, the power consumption of E-AGCH can be further reduced while keeping the same BLER performance.
3. Conclusions
In summary, uplink control channels for E-DCH such as SI and happy bit can be solved by E-DCH decoupling. For legacy UEs, E-DCH decoupling would face some issues related to E-AGCH and E-RGCH delay. Further evaluation on the delay issues for legacy UE is encouraged. For R12 UEs, the delay issues can be solved because the new UEs should be able to receive the E-AGCH and E-RGCH directly from the LPN. Downlink control channels such as F-DPCH, E-HICH, E-RGCH and E-AGCH might cause moderately more power at the LPN because E-DCH decoupling is used for the UE whose LPN signal strength is worse than that of Macro.
Proposal 1: Evaluate the delay issue for legacy UE when E-DCH decoupling is applied.
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