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1 Introduction
In last RAN1 #77 meeting it was agreed to introduce the possibility of transmitting E-HICH from the non-serving E-DCH without transmitting F-DPCH [1] and also common RGCH [2] which were identified as a useful techniques in order to mitigate interference coming from non SHO UEs i.e. being in Strong Imbalance Zone.
In this document we would like to present SLS results for extended E-HICH and common E-RGCH techniques.
2 Techniques description
It was justified by Huawei in [1] that introducing extending E-HICH can bring uplink gains in the Strong Imbalance Zone with RSCP differences from 6dB to 9dB. Our SLS results are based on simulating extended E-HICH and common RGCH together and separately in order to give better transparency in achievable gains through both techniques. 

Using extended E-HICH technique the closest LPN is added into the “extended” active set of the UEs in SIZ. F-DPCH and E-RGCH are not sent to those EUs in order to limit the power consumption at the LPNs. Only E-HICH is configured and sent from the LPNs to such UEs. 

Common E-RGCH technique was described in [2] and was proposed for Cell-FACH to mitigate the interference from UE’s that are outside purview of a cell. In the HetNet deployment UEs can be instructed to listen to a common E-RGCH channel from the cells that are not in teh active set. In a case when cell observes very high uncontrollable out-cell interference it could transmit grant “DOWN” command via common RGCH channel. UEs interpret commands from common E-RGCH the same way as non-serving E-RGCH commands. 
3 Simulation assumptions
In the simulation the SIZ UEs where defined to be a UEs who are in place where SINR UL to macro and LPN are the same. In the Table 1 below more detailed simulation assumptions are listed. 

Table 1 Simulation assumptions
	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Cell Layout
	57 cell hexagonal

	Inter-site distance
	500 m

	Number of LPNs 
	4

	Number of UEs
	8 per macro cell 

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

	
	The minimum distance between UE and LPN is 10m 

	Dropping criteria for UEs 
	Hotspot 50%, 35m radius for 30dBm 

	Target RoT 
	Macro node: 6dB

	
	LPN: 6dB

	Log Normal Fading
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)

	(outdoor)
	Inter-Node B Correlation: 0.5

	
	Intra-Node B Correlation :1.0 

	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

	Traffic model 
	Full Buffer 

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

	
	LPN: L=140.7 + 36.7log10(R), R in kilometers 

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of NodeB 
	Macro Node: 43dBm

	
	LPN:  30 dBm 

	Max BS Antenna Gain
	Macro cell: 14dBi

	
	LP cell: 5 dBi 

	Max UE Antenna Gain
	0dBi

	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 


4 Simulation results
This section contains SLS results for different techniques proposed as solution to the problem of high interference from non-SHO (SIZ) UEs towards the LPNs. As mentioned already extended E-HICH and common E-RGCH are simulatred separately and together and all the techniques are compared with each other and with the baseline scenario without any techniques applied.  
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Figure 1 UE throughput (SIZ UEs)
Table 1 UE throughput (SIZ UEs)

	Scenario
	Avg. t-put (Mbps)
	5% (Mbps)
	50%  Mbps
	% of UEs

	Baseline
	0.35
	0.14
	0.3
	

	E-RGCH
	0.28
	0.12
	0.24
	16

	E-HICH
	0.86
	0.32
	0.74
	

	Both
	0.62
	0.24
	0.51
	


As can be observed on Figure 1 the highest throughput achievable by this group of UEs is provided by the extended E-HICH technique because LPNs cannot control grant and power of SIZ UEs. That is why common E-RGCH technique decreses throughput of UEs from this group. 
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Figure 2 UE Throughput (non-SIZ macro UEs)
Table 2 UE throughput (non-SIZ macro UEs)
	Scenario
	Avg. t-put (Mbps)
	5% (Mbps)
	50%  Mbps
	% of UEs

	Baseline
	0.37
	0.16
	0.33
	

	E-RGCH
	0.35
	0.17
	0.31
	33

	E-HICH
	0.38
	0.17
	0.33
	

	Both
	0.35
	0.17
	0.31
	


As can be observed for this group of UEs – Non-SIZ macro UEs considered techniques have almost no effect on the throughput. 
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Figure 3 UE throughput (macro UEs with LPNs in Active Set)
Table 3 UE throughput (macro UEs with LPNs in Active Set)

	Scenario
	Avg. t-put (Mbps)
	5% (Mbps)
	50%  Mbps
	% of UEs

	Baseline
	0.72
	0.26
	0.64
	

	E-RGCH
	1.04
	0.5
	0.97
	13

	E-HICH
	0.76
	0.3
	0.68
	

	Both
	1.08
	0.53
	1
	


In scenarios with common E-RGCH enabled scheduling requires more tuning because increase of throughput of this group of UEs in those scenarios is not desired. 
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Figure 4 UE throughput (LPN UEs)
Table 4 UE throughput (LPN UEs)
	Scenario
	Avg. t-put (Mbps)
	5% (Mbps)
	50%  Mbps
	% of UEs

	Baseline
	1.11
	0.28
	1
	

	E-RGCH
	1.16
	0.44
	1.03
	38

	E-HICH
	1.11
	0.28
	1.02
	

	Both
	1.16
	0.44
	1.03
	


LPN UEs have higher throughput in the scenarios with enabled common or non-serving E-RGCH for the SIZ UEs.
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Figure 5 UE throughput (all UEs)
Table 5 UE throughput (all UEs)

	Scenario
	Avg. t-put (Mbps)
	5% (Mbps)
	50%  Mbps

	Baseline
	0.69
	0.18
	0.5

	E-RGCH
	0.74
	0.17
	0.54

	E-HICH
	0.79
	0.2
	0.63

	Both
	0.8
	0.2
	0.64


As can be observed on the all UEs results common E-RGCH and extended E-HICH together provides highest average UE throughput. 

In the Figure 6 below the sector RoT distribution is presented for macro NodeBs. RoT distribution in case of LPN and all NodeBs are almost the same w/ and w/o applying the techniques. 
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Figure 6 Sector RoT – Macro NodeBs

As can be seen the worst RoT control is observed in baseline scenario whilst the common E-RGCH leads to decrease of RoT and its distribution is very close to the one where both techniques are applied. 
5 Conclusions

In this contribution we have presented SLS results for extended E-HICH and common E-RGCH techniques in order to check the impact of each of them and both together on UEs throughput. 
Based on our results the gain coming from applying above mentioned techniques was confirmed as it was shown by Huawei and Qualcomm. It is worth to mention that SIZ UE selection can be based on UL measurements only. 

Based on the results we can see the highest average UE throughput is achievable in scenarios with both common E-RGCH and extended E-HICH applied. 
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