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1
Introduction

In TSG-RAN#57 a new study item, “Study on UMTS Heterogeneous Networks”, was approved [1]. In this contribution we provide a text proposal on noise padding to the Technical Report [2]. The TP is based on [3] and [4].
2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]

7.1.X Noise Padding/Desensitization
For legacy terminals one method to reduce the UL-DL imbalance is noise padding/desensitization at the LPN, which moves the UL balance point towards the DL balance point. The use of noise padding forces LPN UEs to transmit at higher power, potentially causing unnecessary interference to the neighbouring cells. This could have significant impact to the overall performance in HetNet, especially when most of the UEs are served by the Macro. From an UL throughput point of view, LPN UL padding should be applied at the minimum value, i.e. just enough to overcome the UL interference from the neighbouring Macro UEs.

One of the main purposes for LPN UL padding is to overcome the excessive out-of-cell UL interference that LPNs could observe. The levels of interference each LPN observes is different and depend on the location of the LPN, the type of UE, traffic distribution in the system, etc. To maximize the UL system performance, adaptive algorithms to determine the best UL padding for each LPN can be considered. 
The UL capacity analysis presented in this section does not take UL control channel reliability into account (e.g. ideal E-DPCCH and HS-DPCCH decoding is assumed). Modelling practical control channel reliability and overhead is expected to affect UL throughput results: as the amount of LPN padding reduces, the relative gains over the macro-only baseline reduce as well. Quantifying the impact of UL control channel overhead is FFS.

Uplink system simulation results

The simulation assumptions are listed in the Appendix. Some additional salient assumptions are as follows: the LPN noise figure is assumed to be the same as the noise figure of Macro nodes; 4 LPNs are uniformly dropped per geographic area of each Macro sector; 8 UEs are dropped per geographic area of each Macro sector with 50% Hotspot distribution; UL Full Buffer traffic is considered. The Macro transmit power is 43dBm and the LPN transmit power is 30dBm, therefore there is a maximum imbalance of 13 dB. To get insights about the impact of Noise Padding on UL throughput, the configurations listed in Table x1 have been simulated. It is noted that the parameter values used in the different configurations should be considered as examples to investigate the UL performance trend. 
Table X1 Configurations

	Configuration
	1
	2
	3
	4
	5
	6
	7
	8

	CIO (dB)
	0
	0
	0
	3
	3
	3
	6
	6

	NP (dB)
	0
	6 
	13 
	0 
	6
	10
	0 
	7 


Figure X1 shows the average, median and edge (5%) throughput gains in the uplink for Macro + LPN UE. Gains are relative to the baseline case in which no LPNs are deployed within the Macro cell area. It can be seen that a NP of 6dB can improve UE average throughput, but median and edge throughputs are reduced. A large NP of 13dB cannot further increase UE average throughput. Instead, it reduces the median and edge throughputs significantly. Even negative gain can be observed for edge UE throughput. Further analysis of this fact will be given with separate Macro/LPN edge throughput performance results as well as Macro/LPN RoT results.
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Figure X1: Uplink performance with different configurations for Macro + LPN UE
Figure X2 shows separately the edge performance of Macro + LPN UE, Macro UE and LPN UE. It can be seen that with NP, LPN UE performance improves significantly, however Macro UE performance reduces significantly, especially when NP is large. As there are more Macro UEs than LPN UEs, and LPN UE performance becomes much higher than Macro UE performance when increasing the amount of NP, the overall Macro + LPN edge UE performance is dominated by Macro edge UE performance. This explains why Macro+LPN edge UE performance is very close to the Macro edge UE performance, especially when LPN edge UE performance is very high. Enlarging the CIO without NP, however, improves both Macro edge UE and LPN edge UE performance.
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Figure X2: Edge (5%) UE performance with different configurations
Table X2 shows the 90% Macro/LPN RoT of each configuration. It can be seen that increasing NP increases the RoT of the Macro since the transmit power of all LPN UEs increases and the interference level to the Macro node increases. On the LPN side, for CIO=0dB, increasing NP reduces RoT at the LPN with more than 1dB because when CIO=0dB, there is strong uncontrolled uplink interference to the LPN. For CIO larger than 0 dB, increasing NP only reduces RoT at the LPN within 1dB because the CIO already reduces the amount of Macro UE interference to the LPN. 

Table X2 Macro/LPN 90% RoT with different configurations

	Configuration
	1
	2
	3
	4
	5
	6
	7
	8

	CIO (dB)
	0
	0
	0
	3
	3
	3
	6
	6

	NP (dB)
	0
	6 
	13 
	0 
	6
	10
	0 
	7 

	Macro 90% RoT (dB)
	6
	6.1
	7.6
	6
	6.5
	7.7
	6
	7.9

	LPN 90% RoT (dB)
	6.3
	5.2
	4.7
	5.9
	5.1
	5
	5.5
	5.1


Adaptive Noise Padding at the LPN
The design goal of an adaptive algorithm to determine the best UL padding for each LPN would be to apply minimum amount of padding necessary to control the out-cell interference to the desirable level. 

The following quantities are defined. 
· UL RoT (Nose Rise) is defined as
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, where Ior is the total received signal power from all UEs in the system, No is the NodeB receiver thermal noise. 
· Ior can be divided into
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, where 
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is the total received signal power from all UEs served by the cell. 
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 is the total received signal power from all UEs not served by the cell but having the cell in the active set. 
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 is total received signal power from all UEs not having the cell in the active set. 
· Out-cell RoT can be defined as
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. Measurement of out-cell RoT can be obtained from the measurement of No and measurement of out-cell total received power
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, NodeB can estimate the total received power Ior, and the total received power from the UEs that have the cell in the active set, i.e. 
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The purpose of adaptive LPN UL padding is to control the 
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 since this is the interference that LPN cannot control via power control loop or relative grant channel (E-RGCH). When LPN operates at the fixed RoT target and observes excessive out-cell interference, to protect the UEs served by the LPN, LPN needs to increase its noise figure via UL padding and ask UEs (served by the LPN) to transmit at higher power in order to overcome the excessive out-cell interference.

One possible adaptive LPN UL padding procedure is as follows:

· The LPN periodically measures the out-cell RoT,
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· If the 
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 is greater than the upper limit,
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, increase the LPN UL padding by .

· If the 
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 is smaller than the lower limit,
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, decrease the LPN UL padding by .

· The LPN padding is limited within the range
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Note that, there could be modifications to the procedure including the employing of hysteresis margins, usage of out-cell load (the ratio between the out-cell interference over the Ior) instead of the out-cell RoT, etc. However, the underlying idea is simply to improve the UL performance by applying the UL padding to the LPN when needed, i.e. when the LPN observes high out-cell interference that it cannot control.

The system performance of the above mentioned adaptive noise padding technique is shown below. The simulation assumptions are given in the Annex. Some additional salient assumptions are as follows:

· The LPN noise figure is assumed to be the same as the noise figure of Macro nodes. 

· The Macro transmit power is 43dBm and the LPN transmit power is 30dBm.

· 4 LPNs are uniformly dropped per geographic area of each Macro sector. 16 UEs are dropped per geographic area of each Macro sector with 50% Hotspot distribution.

· CIO is 3dB biased toward the LPN

· UL Full Buffer traffic is considered

· 3dB is used as the out-cell RoT upper limit
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 and 2dB as the lower limit
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Adaptive LPN UL padding is compared with 2dB and 6dB fixed padding values. Figure X shows the UL throughput performance comparing adaptive LPN UL padding with 2dB and 6dB fixed padding. It is clear to see that with adaptive padding, the fairness has been improved over 6dB fixed padding. 

In Table X, the following types of system performance metrics are compared:

· Average UE throughput: it is calculated as the average throughput of all UEs in the system

· 50% UE throughput: it is computed as the median throughput of all UEs in the systems

· 5% UE throughput: it is computed as the throughput of the UEs at 5% tail across all UEs in the system

· RoT statistics: RoT is only considered for non-empty cells. A non-empty cell is defined as a cell that serves at least one UE. The statistics of both average RoT and 90% point at the RoT CDF (cumulative distribution function) for Macro nodes and LPNs are shown. The 90% RoT indicates those cells in the system that are experiencing very high out-cell interference. 

The gains are presented as percentage throughput increase over the baseline system. The baseline is a system where LPNs are not present in the Macro cell. It is observed that adaptive padding provide gains over the 6dB padding, especially at the median and tail. Compared to fixed 2dB padding which is close to the optimum fixed padding setting, the adaptive padding offers a slight performance improvement.
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Figure X: UL Performance in HetNet Co-channel Deployment with and without Adaptive Padding

Table X: UL Performance in HetNet Co-channel Deployment with and without Adaptive Padding

	LPN Padding [dB]
	UL Throughput Gain [%]
	Macro RoT (dB)
	LPN RoT (dB)

	
	Mean
	Median
	5%
	Mean
	90%
	Mean
	90%

	0dB
	699%
	353%
	160%
	
	
	
	

	Fixed 2dB
	708%
	237%
	142%
	5.5
	5.6
	4.4
	5.8

	Fixed 6dB
	673%
	116%
	91%
	5.7
	6.0
	3.2
	5.1

	Adaptive
	716%
	294%
	154%
	5.5
	5.7
	4.5
	5.8


Figure X shows the CDF of the padding being applied at LPNs. Most LPNs do not observe high out-cell interference, hence require no or minimum padding (~2dB). Only a small percentage of LPNs needs padding greater than 4dB. The application of small LPN UL padding actually provides better UL performance  compared to the application of large LPN padding in some cases. This is explained by noting that the LPN serves a lesser number of UEs compared to Macro and hence each UE served by LPN enjoys a larger share of the available RoT. 

If large LPN UL padding is applied to fully remove the DL-UL imbalance, system fairness would degrade since the UEs served by LPNs would have much better UL performance as compared to the UEs served by Macro cells.

[image: image31.emf]1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Padding (dB)

CDF

 

 

Pico Padding


Figure X: CDF of UL Padding being applied at each LPN with Adaptive Padding Mechanism

[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]

3
Conclusions

It is proposed to capture the text proposal in this document in the UMTS HetNet TR [2]. 
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