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1. Introduction

In the agreed CoMP simulation assumptions [1], Scenario 4 is one of the high-priority deployment scenarios to be investigated.  Scenario 4 is a heterogeneous network with low power RRHs within the macrocell coverage, where the transmission/reception points created by the RRHs have the same cell-IDs as the macro-eNB.
With the current UL power control methodology as defined in 3GPP [2], it is difficult to realize separate setting of open-loop power control (OLPC) parameters for the UEs close to different RRHs and macro-eNB, since the pathloss compensation factor 
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 is a cell-specific parameter and broadcasted by RRC signalling, and the UE-specific component of the base level 
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 has limited dynamic range. The common parameters limit the possibilities for system optimization in heterogeneous networks deployments. The performance of this type of heterogeneous network deployment may therefore not be optimized.
Therefore, in this paper, we investigate methods to support individual setting of OLPC parameters for UEs handled by different reception points with geographically separated antennas. 
2. UL Co-Channel Interference in Heterogeneous Networks 

In Fig. 1, UEs at the macrocell edge and close to an RRH transmit with high powers to overcome the large pathloss towards their serving eNB.  The RRHs in the serving cell would receive strong signals from the UE which are deployed at the macrocell edge.  The power control for cell edge UEs should limit their interference to the neighbouring macro eNB, but it will create large interference to any RRHs in the neighbouring cells.  
The objective of UL power control to reduce inter-cell interference needs to be further investigated in heterogeneous network deployment scenarios since neighbouring nodes, which receive interference from UEs in the serving cell, are geographically distributed.    
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Fig. 1 UL transmission in heterogeneous networks

To manage the co-channel interference in heterogeneous network deployment scenarios with RRHs, a common setting of OLPC parameters might not be sufficient to optimize the system performance. We investigate different OLPC parameter configurations for UEs under the coverage areas of a macro eNB or RRHs to see the trade-offs in performance.
From the deployment of geographically separated antennas, the optimization objective of OLPC parameter is to provide the best performance when the UEs are close to an RRH. 

The setting of the OLPC parameters has the following goals:
· Set much lower transmit power for UEs close to RRHs to reduce the inter-cell interference to neighbouring RRHs, since the pathloss in small cells is lower. 
· Set higher 
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 value for UEs close to the central transmission node since good pathloss compensation is essential.
· Set higher 
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 value for UEs close to RRHs to minimize the UL Tx power variation due to low pathloss in small cells.
3. Individual Power Setting for Geographically Separated Antenna Deployments 
, In geographically separated antenna deployment scenarios, we consider the following 3 types of strategies to trade off the performance and signalling overhead for heterogeneous networks:
· Type-I (baseline): Different OLPC setting between macro-eNB and RRHs but a common setting for all RRHs.
If the penetration loss for the UEs in the vicinity of RRHs, they may increase their transmit powers without causing additional harm to the performance of the UEs which are associated with the central transmission point (macro-eNB).  One value of 
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and 
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 can therefore be used for the UEs associated with the central transmission point (macro-eNB) and another set of 
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 for all UEs that are closer to or in some way associated with a lower-power transmission point (RRH) within the cell.
· Type-II: Different 
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 among all RRHs within the macro-cell coverage, a common 
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 for all RRHs (but different from the 
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 value of the macro-cell itself).

In the case that the level of UL interference measured at the RRHs varies significantly depending on the RRH location, i.e., the distance to the macro-eNB, it is desirable to adjust 
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 according to the pathloss difference between the RRH-UE pathloss and the macro-eNB-UE pathloss.  An adaptive 
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 procedure as proposed in [3] can be beneficial to achieve further optimization of the performance of the UEs close to the RRHs.
· Type-III: Different 
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 and 
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 for all points within the macro-cell coverage

This type of power setting could achieve a similar level of OLPC flexibility to the deployment of heterogeneous networks in which each RRH has a different cell-ID, but may require significant signalling overhead. 

4. Signalling to Support Individual OLPC 
In Releases 8-10, the OLPC parameters are cell-specific and broadcasted to all UEs within the macrocell coverage.  With this mechanism, individual power setting cannot be realized for heterogeneous networks with shared cell-ID. 
To address this issue, we consider different ways to signal multiple sets of values of certain OLPC parameters within a single macrocell.  The potential methods could be summarized as follows,
· Method 1:  Multiple sets of parameter values are broadcast to all UEs in the cell as part of system information.  The set of 
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 may be used for UEs in the vicinity of RRH1, 
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 for UEs in the vicinity of RRH2 … 
[image: image19.wmf]{

}

n

n

P

_

_

0

,

a

 for UEs in the vicinity of RRHn.  Each set of parameters would need to be associated with a set of CSI-RS ports which the UE could measure to determine which set of parameters to select. Note that not every set of parameter values would need to contain both 
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 necessarily; if no value of one of the parameters was provided, the UE would use the normal cell-wide value. 
· Method 2: The sets of values of power control parameters are signalled UE-specifically, for example as offsets 
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, where 
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 and 
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 are OLPC parameters for macro-eNB and still broadcasted as part of system information as in Rel-8, while the different sets of offsets
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 are transmitted to the UEs in the vicinity of RRHs via UE-specific signalling. This method relaxes the challenge on system information overhead.  Note that the offset 
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 is only necessary if the existing range of the UE-specific offset component of the base level 
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 in LTE R8, which is used to correct systematic errors in UE power setting, is not enough to cover the power setting variance between RRHs and macro-NB. 
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 would represent an additional UE-specific offset. Alternatively, the range of the existing UE-specific component of P0 could be extended. 
5. Simulation Results
The common OLPC mechanism for all points and Type-I OLPC mechanism for heterogeneous networks are simulated and compared in Table-1.  It is assumed that there is only one RRH within the macro coverage area in our simulations.  The detailed simulation assumptions are given in the Appendix.
Table 1:  Performance comparison between common OLPC and Type-I OLPC
	
	Common OLPC for all points
	Type-I OLPC
	Gains
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	Jain Index
	0.599
	0.4714
	

	Average spectral efficiency (bps/Hz/cell)
	3.68
	4.04
	9.8%

	Edge spectral efficiency (bps/Hz/UE)
	0.107
	0.108
	0.9%

	Effective IoT (dB)
	9.89
	10.5
	


The simulation results show that 
· With a different set of OLPC parameters for macro-eNB and RRHs, the overall performance is increased significantly in terms of average throughput while retaining the edge performance. 
· The difference between two base level
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 values for macro-eNB and RRHs is up to 15dB in this case.  As a result, the dynamic range of the existing UE-specific component of 
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 might be not enough.
6. Conclusions

In this contribution, we verified that individual setting of UL OLPC parameters per UE could achieve significant gains compared to using common values regardless of the UEs’ proximity to RRHs in the cell. We therefore make the following proposals:

Proposal 1: P0: Adopt one of the following:

1. Extend the range of the UE-specific component of P0 (e.g. by 15dB), or 

2. Introduce an additional incremental UE-specific component of P0, or 

3. Introduce the possibility to broadcast (SIB) multiple P0 values, each being associated with a CSI-RS port(s) which the UE can measure to decide which P0 to use.
Proposal 2: α: Adopt one of the following:

1. Introduce UE-specific signalling of α values, or 

2. Introduce the possibility to broadcast (SIB) multiple α values, each being associated with a CSI-RS port(s) which the UE can measure to decide which α to use.
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Appendix
The simulation assumptions used here are summarized in Table 2.

Table 2:  System simulation parameters and assumptions

	Parameter
	Values used for evaluation

	Deployment scenarios
	Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage

· transmission/reception points created by the RRHs have shared cell-ID as the macro cell
· Benchmark is Rel. 10 SU-MIMO
Association bias value of 0 dB RSRP is applied.

	Simulation case
	3GPP Spatial Channel Model (SCM) with high spread( TR 25.996)
19 macro site, 3 sectors per site, wrap round. 

	Number of low power node per macro-cell
	N = 1

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	11

	System bandwidth
	10 MHz 

	Uplink Power control
	open loop fractional power control
(-75, 0.7) for common OLPC

	Antenna configuration at base station
	For both Macro-eNB and lower power node: Co-polarized antennas separated 0.5 wavelengths

(illustration for 2 Rx: | |)

	Number of antennas at UE
	1

	eNB Antenna tilt
	Macro-eNB: 12degrees

Low-power node: 0 degrees

	Antenna gain + connector loss
	Macro-eNB: 17 dBi

Low power node: 5 dBi

	Channel estimation
	Ideal

	Network synchronization
	Ideal Synchronization

	UL overhead assumption
	Demodulation RS ( 2 Symbols per subframe ); sounding RS 10 ms period ; PUCCH, 4/50 RBs. (Overhead ratio: 0.2185)

	Traffic model
	Full buffer

	Link adaptation
	Ideal
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