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Discussion
1. Introduction 
During the study phase of HetNet, UL/DL mismatch has been identified. A UE in the mismatch region has better UL at the LPN but better DL at the Macro. As the E-DCH control channels have reception issues at the Macro, uplink performance is limited. In order to have sufficient reception quality of the E-DCH control channels, E-DCH decoupling has been proposed. The LPN is configured as the E-DCH serving cell and it could process the E-DCH control channels and determine the UL grants/UL Tx power allocation for the UE whose HS-DSCH serving cell is Macro. In this paper, system simulations with E-DCH decoupling are given. In addition to the benefit of E-DCH control channels in the uplink, simulation results also show some system gain with E-DCH decoupling.
2. Discussion
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Figure 1. Imbalance region in HetNet

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. 

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 low UL control channel reception quality at the Macro. We call the UEs in region CB as D-UEs (Decoupling-UEs). To solve this problem the E-DCH Decoupling solution is introduced [2].
In E-DCH decoupling, the E-DCH serving cell and HS-DSCH serving cell the D-UEs are located at the LPN and Macro, respectively. The downlink data reception of the UE is controlled by the Macro because of the better downlink quality for Macro. However, the uplink transmission of the UE is controlled by the LPN and LPN can give the UL grants/UL Tx power allocation to the UE. It is the LPN to receive and process the E-DCH uplink control channels (SI and happy bit) on the better uplink instead of Macro. E-DCH uplink control channels will have no reception issues at the LPN. Also the downlink channels from the LPN to the D-UE would also be robust as analyzed in [3], hence the E-DCH decoupling would be applicable in the region CB.
3. System simulation results
System simulations for E-DCH decoupling off and on scenarios are performed. In both scenarios, UE selects the HS-DSCH serving cell based on Ec/N0 in downlink CPICH and both uplink and downlink control channels are assumed to be ideally received. When E-DCH decoupling is off, the D-UE’s grant is determined by the Macro Node. When E-DCH decoupling is on, the Rel-12 UE is simulated and the LPN is able to send downlink control channels (E-AGCH, E-RGCH) to the D-UE directly. Table 1 lists the main simulation parameters. Full buffer traffic model is assumed. 

Table 1 Parameters for UL simulations
	Parameters
	Values and comments

	Numbers of UE per Macro Cell
	8 UEs 

	The deployment of LPNs
	Co-channel with Macro cells

	Maximum Tx Power of LPNs
	30dBm

	Number of LPNs in a Macro cell
	4

	Dropping criteria for LPNs
	Randomly and uniformly distributed within a macro cell

	Dropping criteria for UEs
	1/2 Hotspot

	CIO of LPN
	3dB 

	Target RoT for both macro and LPN
	6dB

	R1a
	4.5dB


Table 2 shows the simulation results for the scenarios when E-DCH decoupling is off and on.
Table 2 Simulation results for E-DCH decoupling (for Rel-12 UE)
	Case
	UL UE Throughput [Mbps]
	UL UE Throughput Gain [%]

	
	Mean
	Median
	5%
	Mean
	Median
	5%

	1 E-DCH decoupling off
	0.7007
	0.4053
	0.1645
	
	
	

	2 E-DCH decoupling on
	0.8068
	0.4141
	0.1644
	15.14
	2.17
	0


From the above table, it can be seen that the mean throughput of E-DCH decoupling on is better than that of E-DCH decoupling off. The Median and 5% throughputs of E-DCH decoupling on and off are almost the same. It should be noted that for E-DCH decoupling off, SI and happy bit are assumed to have ideal reception quality at the Macro Node. In practice, solutions proposed during the study phase to solve the uplink control issue are required. However such solutions would increase the UE’s control channel power overhead, reducing the power available for data.
As only the operation of D-UEs has changed (D-UEs changed their E-DCH serving cell), we show the throughput performance of D-UEs with E-DCH decoupling on and off in Table 3.

Table 3 Simulation results for DUEs
	Case
	D-UE mean UL Throughput [Mbps]
	 D-UE UL Throughput Gain [%]

	1
	0.545
	

	2
	1.461
	168.07


From the above results, it can be observed that the throughput gain of the D-UEs is significant. As these UEs in the SHO region would have better uplink quality at the LPN, the grants provided by the LPN could be higher than that provided by the Macro Node. Comparing Table 2 and Table 3, we observe that when E-DCH decoupling is off, the D-UE’s mean throughput is close to the median throughput of all UEs. When E-DCH decoupling is on, the D-UE’s mean throughput is much larger than the median throughput of all UEs. This means that much larger grant is provided for the D-UE when E-DCH decoupling is on. 
It is noted that the gain is based on the assumption that all control channels are ideal and Rel-12 UE are used with E-DCH decoupling on. Given that E-DCH decoupling can solve the E-DCH uplink control channel issue, system performance gain can be expected.
4. Conclusion
In this paper, we have shown the system simulation results for E-DCH decoupling off and on in HetNet. In addition to the major benefit that E-DCH decoupling can solve the E-DCH uplink control channel issue for the UE in the Macro served SHO region, system performance gain is also shown via the system level simulations.
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