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1 Introduction

In RAN#57, a new study item “Study on UMTS Heterogeneous Networks” was approved [1]. Then, in the recent meetings, a great deal of problems on UMTS HetNet has been discussed in detail. In particular, UL/DL mismatch and interference issues have posed a potentially large disruption to the UMTS HetNet deployment. Therefore, it is necessary to figure out some methods to deal with the unacceptable effects brought by UL/DL mismatch and interference issues.

E-DCH decoupling [2] is a novel concept to handle with the UL/DL mismatch issue. Some potential problems brought by the E-DCH decoupling are discussed in [2]. In [4] further attention is paid to the corresponding issues in E-DCH decoupling and some initial ideas are provided.

As discussed in RAN#61, the benefits of E-DCH decoupling should be further assessed in RAN1. For example, the quality and cost (in terms of LPN power) of downlink control signalling transmitted by the LPN and the delay in receiving the grants need to be investigated.
In this contribution, we will provide some preliminary system performance evaluation on this scenario of E-DCH decoupling with the comparasion between E-DCH decoupling with non-E-DCH decoupling.
2 Preliminary System Simulation
2.1 Simulation Scenarios

In order to decrease the interference caused by UL-DL imbalance, E-DCH decoupling [2] has been introduced for severe imbalance UEs. Generally speaking, E-DCH decoupling is to make the UE in the imbalance region transmit UL data to LPN and receive DL data from MBS, as illustrated in Figure 1. In details, when UE is located at the severe imbalance area and the UL data quality to its serving MBS cannot be guaranteed, the nearest LPN is put into its active set and comes into the E-DCH decoupling state. Then, this LPN provides UL grants for this UE and the UL data from this UE is transmitted to LPN instead of MBS. LPN can set an appropriate grant that UE's UL data can be received by LPN and cannot be received by MBS, which can improve the interference condition in imbalance region.
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Figure 1:  Illustration of E-DCH Decoupling
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Figure 2:  LPN Sends Control Messages to E-DCH Decoupling UE Directly
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Figure 3:  LPN Sends Control Messages to E-DCH Decoupling UE through RNC and MBS

As illustrated in Figure 2 and Figure 3, decoupling UEs need to get control messages from LPN. For Rel-12 UEs, control channels like E-AGCH and E-HICH can be sent from LPN to decoupling UEs directly, but legacy UEs can only receive the E-AGCH from MBS, so for this case, LPN sends the serving grant information to MBS throuth RNC, and then MBS sends an E-AGCH to decoupling UEs. Both of these two methods have shortcomings.
For the case illustrated in Figure 2, as we described before, decoupling UEs receive better DL signal from MBS, if LPN sends control messages to decoupling UEs dirrectly, then the accurace of the received messages can not be assured. For the E-AGCH, the error case includs miss detection and false detection. The miss detection is that, the UE fails to detect the E-AGCH the LPN sends to it. The false detection is that, the UE detects an E-AGCH the LPN sends to other UEs or the UE decodes a wrong serving grant the LPN sends to it. The E-AGCH error will casue the uncorrect setting of the UE’s serving grant. For the E-HICH, the error case is that, the UE decodes the HARQ-ACK incorrectly (ACK decoded as NACK or vise versa) under a given false alarm rate. ACK decoded as NACK will cause the extra physical layer retransmission, while NACK decoded as ACK will casue the extra RLC layer retransmission. In this contribution only the impact of E-AGCH error is investigated. In our simulation, 10% absolute serving grants received by decoupling UEs from LPN directly are wrong.
For the other case shown in Figure 3, UEs receive control messages from MBS, so the receiving property can be improved, but this method will bring in a delay for control messages. In our simulaion, the time delay of absolute serving grants is set to be a random value range between 50ms and 200ms.
2.2 Simulation Assumptions
The system simulation assumptions of E-DCH decoupling are listed in Table 1.
Table 1:  Simulation Assumptions
	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5 MHz 

	Cell Layout
	57 cell hexagonal

	Inter-site distance
	500 m

	Number of LPNs 
	4 

	Deployment of LPNs 
	Minimum distance between LPN and macro cell: 75 m 
Minimum distance between LPNs: 40 m 

	Dropping criteria for LPNs 
	LPNs are randomly and uniformly distributed within a macro cell

	Number of UEs
	8

	Deployment of UEs 
	The minimum distance between UE and macro cell is 35 m 
The minimum distance between UE and LPN is 10 m 

	Dropping criteria for UEs 
	50% Hotspot UE dropping (60 m radius for 37dBm, 35 m radius for 30 dBm)

	RoT
	Macro cell: 6dB
LPN: 6dB

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometers 
LPN: L=140.7 + 36.7log10(R), R in kilometers 

	Log Normal Fading
(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)
Inter-Node B Correlation: 0.5
Intra-Node B Correlation: 1.0
Correlation Distance: 50m 

	Antenna pattern
	3GPP ant (2D ant):   A(θ) = – min[12(θ/θ3dB)2,  Am]                                              
θ3dB = 70 degrees, Am = 20 dB
LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20 dB

	Maximum UE EIRP
	24 dBm

	Maximum Tx Power of NodeB 
	Macro Node: 43 dBm

LPN: 30 dBm 

	Max BS Antenna Gain
	Macro cell: 14dBi

LP cell: 5 dBi 

	Max UE Antenna Gain
	0 dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	UE Noise Figure
	9 dB

	Total overhead power
	20%  (SIMO)

	Soft Handover Parameters
	· R1a (reporting range constant) = 4.5dB

· R1b (reporting range constant) = 4.5dB

	CIO
	0 dB

	Max active set size
	3

	HARQ operating point 
	UL: 1% Residual BLER after 4th transmission 

	LPN padding 
	0 dB 

	Time delay 
	Random value range from 50ms to 200ms

	Error rate of message from LPN to UE
	10%

	Threshold of event 1A
	4.5dB

	Rel-12 UE percentage
	30%


2.3 Simulation Results

We study both ways as in Figure 2 and in Figure 3 to send control messages to decoupling UEs. The results are presented below.
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Figure 4:  Uplink Performance of E-DCH Decoupling UEs, E-AGCH Sent from MBS
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Figure 5:  Uplink Performance of E-DCH Decoupling UEs, E-AGCH Sent from LPN
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Figure 6:  Uplink Performance of All UEs, E-AGCH Sent from MBS
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Figure 7:  Uplink Performance of All UEs, E-AGCH Sent from LPN
Figure 4 and Figure 5 show the E-DCH decoupling UE throughput for E-AGCH being sent from MBS and from LPN respectively. The baseline is without the E-DCH decoupling operation and for the UEs in the SHO region that are capable for E-DCH decoupling operation. For the decoupling UEs the uplink serving cell is chosen such that it is the best uplink in the active set and can be different from the downlink serving cell, whick makes a contribution to a better uplink data transmission.
Figure 6and Figure7 show the performance of all UEs throuthput. It is observed that the E-DCH decoupling improves the throuthput of whole systerm. 

Table 2 gives the throughput gain of E-DCH decoupling achieved. Both way of implementing E-DCH decoupling could achieve a significant gain. The E-DCH decoupling operation improves the uplink coverage of LPN. The UEs served by MBS near the uplink boundary when the E-DCH decoupling operation being OFF is now the uplink served by LPN in E-DCH decoupling operation. Obviously, these UEs can transmit with lower power. More margin of RoT is left for other UEs in either Macro cell or LPN cell. This will lead to a higher throughput of the whole system.

Table 2:  E-DCH Decoupling UE Throughput Gain
	
	Gain

	
	Average
	Median (50%)
	5%

	Decoupling UE (E-AGCH from MBS)
	  109%
	170%
	50%

	Decoupling UE (rate-AGCH from LPN)
	  109%
	186%
	53%


3 Conclusions
In this contribution, we have reviewed the basic concept of E-DCH decoupling. The initial performance of E-DCH decoupling operation is analyzed with the system simulation. From the simulation results, it is observed that the E-DCH decoupling operation brings a significant throughput gain of average more than 100% to UEs with E-DCH decoupling operation.
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