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1 Introduction
In heterogeneous networks, eNodeBs with different transmission power levels are deployed.  Some are low-power nodes with small cell coverage (for example, Pico eNodeB or Femto eNodeB); some are high-power nodes with large cell coverage (for example, Macro eNodeB).  The coverage of each node may fully or partially overlay with each other.  Inter-cell interference becomes a serious problem if co-channel deployment scenarios are considered.  Due to different transmission power levels, Macro-UEs may seriously interfere with Pico/Femto-UEs in uplink channels.  There are two kinds of inter-cell interference in uplink channels – in-band and out-band interference.  This paper focuses on out-band inter-cell interference problem of uplink channels in heterogeneous networks.
2 Out-band Inter-cell Interference
Consider that two kinds of eNodeBs with different power levels, Macro eNodeB (M-eNB) and Pico eNodeB/Femto eNodeB (P-eNB/F-eNB), are deployed in a network and the coverage of P-eNB/F-eNB are fully overlaid by that of M-eNB.  Co-channel deployment scenario is assumed in this network.  Due to different power levels required, uplink channels inside the overlaid cells may interfere with each other as illustrated in Figure 1.  

[image: image1.emf]P-eNB2

P-eNB1

M-eNB

UE1

UE2

Served by 

M-eNB

Served by 

P-eNB2

UE4

UE3

Served by 

P-eNB2

Served by 

M-eNB


Figure 1—Illustration of Uplink Inter-cell Interference in Heterogeneous Deployments
Table 1 lists four possible interference scenarios. In this section, scenarios of out-band inter-cell interference are investigated.  Since the time domain structure of PRACH is very different from that of PUCCH/PUSCH, the orthogonality is hard to be kept if both of them are allocated in the same subframe as illustrated in Figure 2.  For homogeneous networks, this kind of out-band inter-cell interference problem is not significant because the power levels of these two kinds of uplink channels are similar to each other.  Even if there is leakage from one channel to the other, the leakage power is still relatively small, compared to the signal power.  However, for heterogeneous networks, especially when these two kinds of uplink channels are for eNodeBs with different required transmission power levels, the out-band inter-cell interference problem may become significant and hard to ignore.
Table 1—Interference Scenarios for Uplink Channels in Heterogeneous Networks
	
	Pico-cell/Femto-cell

	
	PRACH
	PUCCH/PUSCH

	Macro-cell
	PRACH
	Scenario #1:

In-band Inter-cell Interference
	Scenario #2:

Out-band Inter-cell Interference

	
	PUCCH/PUSCH
	Scenario #3:

Out-band Inter-cell Interference
	Scenario #4:
In-band Inter-cell Interference


For scenario #2, it may result in decoding failure of PUCCH or PUSCH in Pico-cell/Femto-cell.  The decoding failure of PUCCH/PUSCH impacts the spectral efficiency and HARQ feedback in the Pico-cell/Femto-cell.  The impact on PUSCH may be relatively tolerable since it is usually used for data transmission and the failure of data receiving can be recovered by HARQ.  However, the decoding failure of PUCCH may induce serious problem because PUCCH contains important timely control information and it can not be recovered by any current mechanism.  For scenario #3, it may result in detection failure of PRACH in Pico-cell/Femto-cell.  Since PRACH is used for initial network access, radio link re-establishment, handover, uplink synchronization and scheduling request, the detection failure of PRACH will impact the performance of UE’s access and uplink synchronization to P-eNB/HeNB and thus may result in access failure.  Both interference scenarios have serious impact on system performance.  Three possible methods are discussed in next section to resolve the problem.
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Figure 2—Out-band Inter-cell Interference between PRACH and PUCCH/PUSCH
3 Methods for the Out-band Inter-cell Interference Mitigation
In this section, we focus on the solutions to out-band inter-cell interference scenarios and three methods are investigated to mitigate the interference.
Method #1: New PRACH Format for the Pico-cell/Femto-cell
Description: New PRACH format for the Pico-cell/Femto-cell, which applies the same time-domain symbol structure as PUCCH/PUSCH, is adopted.
· Since the coverage of a Pico-cell/Femto-cell is around 30~150 meters, the round trip delay is at most 1μs, which is smaller than normal CP length, 4.68μs.  It means that there is no necessity to apply long ranging preamble time-domain structure for random access purpose.  Regular time-domain symbol structure with normal CP length is enough for random access in a Pico-cell/Femto-cell.
· The first method to mitigate the inter-cell interference between PRACH in a Pico-cell/Femto-cell and PUCCH/PUSCH in the overlaid Macro-cell is to design a new PRACH format for Pico-cell/Femto-cell only.  The new PRACH format utilizes the same time-domain symbol structure as PUCCH/PUSCH so as to keep orthogonality between two types of channels with no power leakage to each other.

· Even though random access procedure remains the same as Rel8/9, introduction of new PRACH format may result in large specification impact and backward compatibility issues.
· This method is not preferred in Rel10.
Method #2: Utilization of PUCCH for random access in a Pico-cell/Femto-cell

Description: PUCCH is utilized for initial access, radio link re-establishment, handover, uplink synchronization and scheduling request in a Pico-cell/Femto-cell.
· The second method to mitigate the inter-cell interference between PRACH in a Pico-cell/Femto-cell and PUCCH/PUSCH in the overlaid Macro-cell is to utilize PUCCH for random access in a Pico-cell/Femto-cell.  Since the number of UEs inside a Pico-cell/Femto-cell is much smaller than a Macro-cell, the orthogonal resources of existing PUCCH may be enough for random access.  However, further evaluation is required.
· Even though random access procedure remains the same as Rel8/9, the utilization of PUCCH for random access may result in a certain level of specification impact and backward compatibility issues. 
· This method is not preferred in Rel10 either.
Method #3: PRACH scheduling alignment across overlaying cells

Description: PRACH for the Pico-cell/Femto-cell is only allocated in subframes where there is no PUCCH/PUSCH in the overlaying Macro-cell.
· The third method to mitigate the inter-cell interference between PRACH in a Pico-cell/Femto-cell and PUCCH/PUSCH in the overlaid Macro-cell is to coordinate PRACH allocation among Pico-cell/Femto-cell and Macro-cell.  PRACH for the Pico-cell/Femto-cell is only allocated in subframes where there is no PUCCH/PUSCH in Macro-cell as illustrated in Figure 3.  It means some subframes can be reserved for PRACH transmission in Pico-cell/Femto-cell or both Pico-cell/Femto-cell and Macro-cell.
· This method does not require complicated specification efforts though the scheduling flexibility decreases and system performance may thus degrade.  Some modifications may be required for PRACH resource allocation mechanism.
· This method is preferred in Rel10.
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Figure 3—Illustration of PRACH Scheduling Alignment
4 Conclusion
This paper discusses the inter-cell interference problem among uplink channels in heterogeneous networks.  There are four possible interference scenarios and two of them are considered as out-band interference. Three methods to mitigate this kind of out-band interference are investigated.  Among them, inter-cell coordination of PRACH scheduling alignment among Pico-cell/Femto-cell and overlying Macro-cell is a better way for interference mitigation with least specification efforts.
Proposal: PRACH for the Pico-cell/Femto-cell is allocated only in subframes where there is no PUCCH/PUSCH in the overlaying Macro-cell.
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