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1
Introduction
E-DCH decoupling in HetNet deployments has been presented at 3GPP RAN1#73 in [1]. In this paper hereby the E-DCH decoupling idea is shortly described again with an emphasis on the mechanisms for system performance improvements. Then system level simulation results for the HetNet scenario where the E-DCH decoupling is applied are demonstrated with formulation of the conclusions and next steps proposals at the end of the paper.
2
E-DCH Decoupling in HetNet Environment
As described in [1], in HetNet scenarios, the terminals connected to a macro BS as a serving Node B may have a stonger channel towards one of Lower Power Nodes (LPNs) (i.e. experience a link imbalance due to UL mismatch). Those UEs (terminals) may have the correponding LPNs to be included in their active sets and have their UL transmissions to be recived primarily by those LPNs.

Such a scenario (shown in Figure 1) will imply that the LPN will power down the UE UL transmission power (by sending the ILPC and E-RCGH commands to the UE) so that the serving macro cell may not be able to receive correctly this UE transmission. Hence, the UL operation from the Node B side will be effectively overtaken by the LPN (except for defining the absolute grants). But the DL operation will remain to be controlled by the macro station. Hence, one can regard this situation as separate routing of UL & DL streams: the DL is routed through the macro cell while the UL transmission is routed through the LPN. 
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Figure 1. HetNet scenario with a UE in SHO area between a macro cell and a LPN, where the UE receives DL transmission from the macro cell, and UL transmission will be received only by the LPN
For the considered situation of the UL transmission predominantly happening through the LPN, the macro station continues setting absolute grants using the E-AGCH channel but with the LPN effectively overtaking the power control (both at the ILPC and OLPC levels) and being able to change the UE’s grant by E-RGCH commands commands. In a typical situation, the macro station will be trying to set a higher grant in attempt to utilize its RoT budget allocated for that UE while the LPN will be getting much higher received power from that UE than planned (allowed) and will be sending the DOWN E-RGCH commands. 

It should be mentioned that the described situation is not really the one the E-RGCH coordination is designed for, and depending on the implementation of a practical system, such combination of macro E-AGCH and LPN E-RGCH commands may or may not work effectively either leading to setting the required grant value (as it would be fully contrled by the LPN) or causing system instability with grant level pull-overs between the macro and LPN.
In order to minimize the negative impact of the considered scenario, we have proposed [1] that the UL absolute scheduling grants (currently communicated through E-AGCH) are controlled by the LPN. They could be provided to the UE through the macro cell or directly from the LPN for legacy and Rel-12 UE respectively. This approach would complete the UL control overtaking by the LPN and will lead to more efficient and stable system operation.
3
Simulation Results for E-DCH Decoupling 
This section presents the simulations results for the HetNet scenario with E-DCH decoupling. The detailed simulation assumptions are captured in Annex A.  30dBm LPNs with 3dB CIO are used. The round-robin scheduler is applied that equally distributes the available received power budget between all the served UEs and the SHO controlled UEs. Taking into account the considerations of the above section, four cases are considered with different combinations of E-RGCH command mechanism and E-DCH decoupling being enabled or disabled. 

The simulated UE throughput distribution curves are plotted in Figure 2. Then Table 1 gives the average, median, and 5% UE throughputs for the simulated cases as well as the baseline (macro-only) performance with the relative gain of the HetNet over the baseline.
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Figure 2. CDF for UE throughput for four combinations of the E-RGCH grant channel and E-DCH decoupling enabled or disabled
Table 1. UE throughput for the HetNet scenario (different combinations of E-RGCH and E-DCH decoupling operations), the baseline (macro-only) scenario, and relative gains of the HetNet to the baseline.
	E-RGCH
	E-DCH Decoupling
	UL Throughput – HetNet, kb/s
	UL Throughput – Baseline, kb/s
	UL Throughput Gain, %

	
	
	Avg.
	Median
	5%
	Avg.
	Median
	5%
	Avg.
	Median
	5%

	On
	Off
	857
	578
	161
	240
	218
	119
	257
	165
	36

	On
	On
	858
	622
	159
	240
	218
	119
	258
	185
	34

	Off
	Off
	761
	490
	63
	210
	187
	69
	262
	163
	-9

	Off
	On
	787
	577
	28
	210
	187
	69
	275
	209
	-60


It can be seen that enablement of either E-RGCH or E-DCH decoupling mechanisms allows improving the average throughput and fairness of the throughput distribution over the UEs. The presented results for the E-RGCH impact demonstrate that the simulated system is able to achieve the efficient operation by lowering the grant of UEs in the imbalance zone. Such operation is equivalent (or quite close) to the case when the grant for the investigated UEs is completely defined by the LPN. However, as explained above, the same convergence cannot be guaranteed in a practical implementation and, hence, a more robust and predictable solution is recommended where the absolute grant setting function is moved to the LPNs for the analysed category of the UEs in the imbalance zone.
The proposed decoupling method solves also the important problem with reliable reception of UL control information (E-TFCI, RSN, happy bit, in-band SI)  for E-DCH transmission send via E-DPCCH and E-DPDCH channels, as described in [2] (section 6.1.4.1 and 6.1.4.3). In a legacy system in HetNet environment and SHO area when UL serving cell is macro and power control is dominated by LPN important UL control information may not by reliable decoded at the serving macro cell. With E-DCH decoupling method the LPN is simultaneously the UL serving cell and dominates UL power control for SHO UEs so the reliable detection of control channels designated to serving cell are guaranteed. 
4 
Conclusions

A typical situation of the HetNet scenario includes a UE being served by a macro Node B but having an LPN with a stronger channel in the active set. The UL operation in such situation will typically result in successful data reception to primarily happen at the LPN with the LPN also being in charge of control loops operation. The grant setting function becomes distributed between the macro station (setting the absolute grant through E-AGCH) and the UE (being able to reduce the grant by E-RGCH DOWN commands). At the same time the effective and stable operation in this case assumes that the grant setting function should be primarily concentrated at the LPN (with some possible corrections from other stations). To enable this mechanism for the considered scenario, this document supports the proposal of [1] to enable the LPN to provide absolute UL grants to the UE. The system level simulations results are presented to justify the suggested approach. The proposed method solves also the important problem related to reliable detection of UL control information crucial for the UL serving cell and E-DCH transmission.

Based on the above, it is proposed to:

Proposal: Discuss allowing a non-serving LPN to provide absolute UL grants to a SHO UE (either directly or through the serving macro).
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Annex A – Simulation assumptions

Table 2. 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
	3 dB

	Max active set size
	3

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

	LPN padding 
	0 dB 


