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1. Introduction
Evaluations and analysis for Macro-Pico deployment have been provided in a number of contributions in 3GPP, but the interference conditions and coverage problems for uplink are not be evaluated in detail. In this contribution, we evaluate the interference condition in Macro-Pico for PUCCH. The results show that there is coverage problem for PUCCH without any interference management. Before any further interference management, the evaluations of R8/9 supported techniques, resource stagger and power control are provided for PUCCH in Macro-Pico. To realize them or pursue more improvement, information exchange and other optimization related to power control will be needed additionally. 
2. Interference evaluation of PUCCH without interference management
We evaluate the interference condition for PUCCH without interference management by system simulation.

Simulation assumptions, parameters and channel models are referred to TR36.814 [1].In order to evaluate the interference effectively, UE dropping methodology and the UE distributions in the macro cell coverage area are treated as follows: 
· 4 UE-clusters with 4 uniformly dropped UE in each are dropped randomly in macro cell and then 44UEs locating uniformly per macro cell. New nodes are allocated in the centers of UE clusters. The total number of UEs in the macro coverage area is 44+4*4.

Details of the assumptions including large scale channel model and system assumptions are summarized in the annex. In our simulation, it is assumed that the resources are allocated evenly to the UE served by the serving cell and the UE transmit power for the PUCCH is calculated according to TR 36.213[2]. In addition, we focus on the performances under co-channel and cell selection criteria of max-RSRP is used. 
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Figure1. UL SINR curve 
Evaluation criteria of PUCCH performance is described as that 95% of the cell users can work within 1% PUCCH detection error rate. According to TR 36.104[3], Minimum SNR requirement for PUCCH is -4.4dB. From the UL SINR, we can observe that PUCCH of some LUEs can not work well due to uplink interference from MUEs to Pico eNBs. Therefore, PUCCH of LUE necessitates the use of interference management to enable robust operation.
3. Evaluation of R8/9 interference management techniques

3.1. Interference avoidance via resource stagger
The interference to PUCCH in heterogeneous network can be avoided by coordinated transmission. The motivation of this method is to make the UEs who may cause uplink interference to other eNBs transmit PUCCH in orthogonal resources as shown in Figure 2 and this method can also be applied to Macro-Femto deployment scenario.
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Figure 2: Resource stagger for PUCCH
We can see from Figure 2 that Macro system and lower power node system use different uplink resources to transmit PUCCH to avoid interference. This resource partition can be done based on LTE R8 PUCCH design. As the start point of PUCCH format 2/2a/2b and format 1/1a/1b can be adjusted flexibility by some scheduling restrict, MeNB can reserve some uplink resources for lower power UEs. In the reserved resources, the lower power UEs can transmit their PUCCHs without interference from MUE. MUE can be muted or transmit with lower power in these resources. The size of the reserved resources need to be informed to lower power nodes and can be adjusted according to the requirement of lower power nodes.

The interference to PUCCH can be completely avoided in this method and R8/9 UE compatibility is remained. Some potential problems of this method are:

· Information exchange is needed in this method

As the size of the reserved resources needs to be informed to the interfered eNB (lower power nodes in figure 2), information exchange is needed. However, the amount of the information exchanged is minor since only an offset value to the frequency edge is needed. This does not impose much requirement on the interface capacity.

· Some resource may be wasted in this method

Some resources should be reserved to avoid interference in this method. However, in R8 PUCCH design, 1 RB can carry at most 36 UEs’ PUCCH format 1/1a/1b or 12 UEs’ PUCCH format 2/2a/2b. In heterogeneous network, the required PUCCH resources which related to the served active UE number may not too big. For example, in Macro + Pico deployment scenario,  at most 70% UEs can be served in PeNBs (two PeNBs) in case 60 UEs are dropped,  which means only about 20 UEs is served  per PeNB, further, with scheduling restrict, the PUCCH resource requirement can be much less. So 2 RBs reserved are enough to meet the PUCCH requirement at low power node system side. For 10M uplink bandwidth, only 4% resources need to be muted. Moreover, these resources can also be used with lower power. So the resource efficiency is not a serious issue in this method.
3.2. Interference coordination via power control
The interference to PUCCH in Het-Net can also be mitigated by power control. The main motivation of this method is to increase the performance of the edge users of the Het-Net system with little degradation to other layers by uplink transmission power level cooperative adjustments. 

In [2], the settings of the UE transmit power for the PUCCH are defined by
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 are the desired power received by the eNodeB in a PRB. 
As shown in Fig.1 the main reason of the uplink edge coverage degradation in Het-Net is the intensive interference aggression from another layer’s UEs, which makes the received SINR not sufficient. The orientation of optimization we can easily observe is to enhance the edge UEs’ SINR by increasing the received signal power or decreasing the interference from the different layer. This can be achieved by adjustment of the desired power received
[image: image5.wmf]O_PUCCH

P

. The process of 
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 adjustment is iterative because the
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 of one layer is affected by the value of different layer and it is affected by various elements. After a series of iterations, we can get a convergent result following with acceptable uplink edge coverage. 
Simulation results in Fig.1 are provided to demonstrate the effect of the optimized PC scheme. Here, our target is to improve the LUE performance with minimal impact on performance of MUE in order to improve uplink edge performance. 
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Figure3. UL SINR with optimized PC scheme
From the result, we can see that 5% cell-edge SINR fulfils the Minimum SNR requirement, i.e. -4.4dB, with the optimized PC scheme. 
The interference to PUCCH can be mitigated to an acceptable level in this method and R8/9 UE compatibility is maintained. However there are still some potential problems of this method:
· The process of adjustment is complicated.

The 
[image: image9.wmf]O_PUCCH

P

 of one layer is affected by the value of another layer. Therefore, a number of iterations are normally needed to get convergence. The desirable 
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 of one layer may be acquired through network optimization simulations. Otherwise, practical testing, e.g. MDT, will be needed.

· Information exchange is needed for further flexibility and cooperative enhancement
      The optimization of 
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 based on Cell planning and Network optimization which is initial-planned and has fixed settings is not flexible for variations in interference levels. In order to adapting to interference variability, information exchange is needed for further cooperative enhancement to get better performance improvement. The information exchanged can be interference levels, coverage information, PC parameters and so on.
4. Conclusion

In this contribution, we provide the interference evaluation result for PUCCH in Macro-Pico without interference management, and find that there will be coverage problem for cell edge UE.

Furthermore, we analysis two R8/9 techniques, PUCCH resource stagger and PUCCH power control. Both of them can solve the coverage problem, and they are R8/9 UE compatible. Only a few information is needed to be exchanged between different layers. 
· For method of PUCCH resource stagger, some resources should be reserved to avoid interference and the size of the reserved resources must be informed to the interfered eNB. 
· For method of optimized power control, it can be realized by Cell planning and Network optimization. If more flexibility and self-organization is needed, information exchange can be considered to adapt to interference variability.
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6. Annex
· A1.System Simulation Assumptions
Table1. Macro-cell system assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site, reuse 1.

	System bandwidth
	10 MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	Shadowing standard deviation
	8 dB

	Auto-correlation distance of Shadowing
	50 m 

	Shadowing correlation
	Between cells
	0.5 

	
	Between sectors
	1.0 

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	Total BS TX power (Ptotal)
	46 dBm

	UE power class
	23 dBm (200 mW)

In order to keep the simulations simple it is not necessary to model Maximum Power Reduction (MPR) versus modulation scheme.

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m


Table2. Pico system assumptions

	Parameters
	Assumptions

	Carrier frequency
	2000 MHz

	System bandwidth
	10 MHz

	Path loss model
	See Table3

	Lognormal shadowing
	Log Normal Fading with 6 dB standard deviation

	Antenna gain
	5 dBi 

	Pico BS noise figure
	6 dB

	Maximum Pico TX power
	24dBm 

	Min separation UE to Pico BS
	10 m 

	Radius
	40m

	Minimum distance between pico and macro
	75m

	Minimum distance between Picos
	40m

	Number of UE clusters K
	4

	Number of UEs in each cluster Nh
	4

	Number of UEs uniformly distributed in macro cell Nm
	44


Table3. Path loss models for Pico deployment
	Path Loss (dB)

	UE to macro BS
	PLLOS(R)= 103.4+24.2log10(R) 

PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)



	UE to pico BS
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))
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