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1 Introduction
The potential mismatch between the UE UL coverage and the DL coverage of the surrounding network nodes has been identified as the source of interference and control channel reliability problems in HetNet deployments.

In this document, we discuss a number of solutions that could help overcome the above problems. We identify UL/DL coverage matching as attractive due to its applicability to legacy UEs. This leads us to the proposal that network-based UL/DL coverage matching is taken as the reference and benchmark for other solutions addressing HetNet co-channel interference issues.

2 Terminology

We have experienced that the use of the term ‘coverage imbalance’ in the context of HetNets may lead to confusion. We suggest the following disambiguation, which is used in our contributions:
DL Coverage Difference: As a consequence of different maximum TX powers, different types of network node have different DL coverage. We prefer not to use the term ‘imbalance’ here as maximum TX power difference is not necessarily a disadvantage; for example, low transmit power is a cost efficiency enabler.

UL/DL Coverage Imbalance: DL/UL coverage imbalance is associated with the fact that the DL coverage of a network node, transmitting at maximum power, is typically larger than the UL coverage of a UE due to the difference in maximum TX powers between a network node and a UE.

UL/DL Mismatch: This refers to UL coverage of a UE being ill matched to the DL coverage of the geographically neighbouring network node(s), be it serving or non-serving. Significant UL/DL mismatch does not typically occur in a homogeneous network, but it may be the origin of interference problems in a HetNet.

3 Problem Description

The Root Problem
The root problem is the potential UL/DL coverage mismatch, which may occur in a HetNet under some circumstances, and has been well documented [1][2][3][4]. As the DL and UL coverage boundaries do not coincide, maintaining UEs in soft handover is challenging or impossible.
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Figure 1  Illustration of UL/DL coverage mismatch.

Under what circumstances does the problem occur?

The mismatch occurs when the maximum TX power difference between the macro Node B and the LPN is not compensated by other network node factors, such as antenna diversity, RoT, receiver sensitivity or equalizer technology. Please refer [5] for more a more detailed discussion.
What are the Manifestations?
The root problem may manifest itself in a number of ways [3][4][6][7], including:

· Macro UE interference towards low power node (LPN) UL.

· Low UL control channel reception reliability at the (serving) macro Node B during soft handover, including:

· HS-DPCCH.
· HSUPA Scheduling Information (SI) and happy bit.
· S-DPCCH.
· FBI.

4 Overview of Solutions

4.1 UL/DL Coverage Matching

The term ‘UL/DL Coverage Matching’ [5] refers to setting Node B (be it macro or LPN) parameters:

· Maximum TX power
· Receiver sensitivity
· RoT target

to match the UE UL coverage to the coverage of the nearby network nodes.

LPN range expansion via macro Node B TX power reduction [8][9] as well as UL pathloss compensation via LPN de-sense [4][1][2] are examples of coverage matching.
UL/DL coverage matching has the following advantages:

· It addresses the root problem, rather than its manifestations.

· It does not require new UE functionality and therefore is compatible with legacy UEs.

4.2 Cell Individual Offset
The Cell Individual Offset (CIO) is a cell-specific parameter that can aid load balancing, including load balancing in HetNets.
CIO is already part of previous UTRA releases. Therefore, its availability should be assumed part of the baseline when studying HetNet specific enhancements (as indeed has been the case [8][10]).
4.3 Secondary UL Power Control Loop
Introducing a secondary UL power control loop has been suggested to address low UL signalling reliability towards the serving macro Node B in SHO [4]. This could limit the RoT dynamic range experienced by the LPN uplink but requires new UE functionality and thus would not be applicable to legacy terminals.
4.4 Macro Node B Temporary TX Power Reduction

Methods relying on macro Node B temporary transmit power reduction were described in [11][12]. This borrows from the LTE Almost Blank Subframe (ABS) mechanism, where the macro Node TX power follows a high/low cycle which is known to the neighbouring network nodes. In the limit, the low power phase may take the form of DTX. During the low TX power phase, the coverage area of the neighbouring LPNs expands.

However, this mechanism requires network synchronization and is disadvantaged by CQI estimation and interpretation problems [12]. It needs to be studied whether the potential benefits outweigh the underutilization of macro node resources. Finally, this mechanism is not applicable to legacy, non-HSDPA terminals relying on continuous DCH transmissions.

4.5 Post-Receiver Measurement Quantities
UTRAN mobility decisions are based on measurement quantities such as pathloss, RSCP or CPICH Ec/N0 [13][14]. These relatively simple metrics are defined at a single antenna port and do not always reflect UE’s ability to demodulate signals.
One way to achieve LPN range expansion is to include a post-receiver signal quality metric in the set of measurement quantities. An example post-receiver metric is the CQI, which reflects UE’s demodulation ability much more accurately, especially in the case of advanced UE receivers. LPN range expansion aided by post-processing metric reports is expected to be more reliable than range expansion aided by RSCP or Ec/N0 with CIO.
In general, reporting post-receiver signal quality represents new UE behaviour, although such reports, in the form of CQI, are already defined in CELL_DCH and CELL_FACH states.

4.6 Use of Pathloss to non-Serving Cell for Scheduling
It may be possible to improve co-channel, inter-cell UL interference control by introducing new Scheduling Information, such as:

· Pathloss or UPH reporting to the serving and the nearest non-serving nodes.

· Pathloss difference reporting between the serving and the nearest non-serving nodes.

Such reports are available in UTRA TDD [15] to help the HSUPA scheduler better control the UL interference generated into neighbour cells.

Pathloss reporting represents new UE functionality and thus would not be applicable to legacy terminals.
5 Discussion

We observed that UL/DL coverage matching had the following advantages:

· It addresses the root problem, rather than its manifestations.

· It does not require new UE functionality and therefore is compatible with legacy UEs.

As observed in [5], UL/DL coverage matching may be achieved by setting the maximum TX power of the macro Node B and the LPN, or by RX sensitivity and RoT target setting. This has some disadvantages, namely:

· Macro Node B TX power reduction underutilizes the resources of the macro layer.
· Receiver de-sense does not take full advantage of the achievable UE battery savings.
· High RoT values may affect system stability.

However, when these parameters are adjusted over a moderate range, being a network-centric approach makes coverage matching appealing.
5.1 UL/DL Mismatch: Practical Values
Let us assess the amount of UL/DL mismatch that may be experienced in practice. Table 1 collects the relevant information based on TS 25.104 [16] where Node B classification and the receiver sensitivity requirements are given (strictly speaking, 
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 value is not mandated for a Wide Area base station, so 43 dBm is an assumption). Based on these, the fundamental UL/DL mismatch 
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 can be calculated i.e. the mismatch dependent on the maximum output power and sensitivity of the nodes. The following observations can be made based on Table 1:

· A cost-effective LPN solution involves a reduction in both the rated TX power and RX sensitivity.
· In the case of the Medium Range BS, a compliant product might in principle be characterized by 
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 of 38 dBm and sensitivity of -111 dBm, leading to the unexpected negative UL/DL mismatch. In practice, it is expected that the -5 dB mismatch would be narrowed down by the Medium Range BS product exceeding the minimum sensitivity requirement or by having a reduced 
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· In the case of the Local Area BS, the UL/DL mismatch has the more intuitive value of 5 dB.
Table 1  Base station TX power, sensitivity and the resulting mismatch.
	BS Class
	Wide Area
	Medium Range
	Local Area

	Max output power 
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 [dBm]
	43
	38
	24

	BS sensitivity level 
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 [dBm]
	-121
	-111
	-107

	Max output power difference from Wide Area BS
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	BS sensitivity difference from Wide Area BS

[image: image9.wmf]RX

RX

N

N

-

wide

,

 [dB]
	0
	-10
	-14

	UL/DL fundamental mismatch between Wide BS and LPN
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Note:
UL/DL mismatch of –X dB means that a UE served by the LPN will cause excess interference of X dB into a neighbouring Wide Area cell.
UL/DL mismatch of +X dB means that a UE served by the Wide Area cell will cause excess interference of X dB into a neighbouring LPN cell.
5.2 UL/DL Mismatch: Simulation Assumptions

The agreed simulation assumptions [10] imply the following UL/DL mismatch values:
· 6, 13, 19 dB for 37, 30, 24 dBm LPNs (with the baseline LPN noise figure of 5 dB).
· 0, 7, 13 dB for 37, 30, 24 dBm LPNs (with the optional LPN noise figure of 11 dB).

Thus, the assumed mismatch often significantly exceeds the 5 dB value derived in the previous section. That is, the current assumptions lead to a pessimistically high mismatch, given what is likely to be encountered in practice.
Further, the UL/DL mismatch gives insight into the simulated scenarios and can be helpful in interpreting simulation results. It has been defined as follows [5]:
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5.3 Proposals

Based on the above analysis and discussion, we propose the following:
Proposal 1: For system level simulations, the fundamental UL/DL mismatch between the macro Node B and any LPN, defined as 
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 should be bounded by 
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 and dependent on the LPN class (see the text proposal below).
Proposal 2: Coverage matching i.e. adjusting Node B parameters such as maximum TX power, RX sensitivity and RoT should be taken as the reference method for benchmarking other solutions to the co-channel scenario.
6 Conclusion

In this contribution, we discussed a number of proposals that might address UL/DL coverage mismatch problem in HetNets. The following proposals were made:
Proposal 1: For system level simulations, the fundamental UL/DL mismatch between the macro Node B and any LPN, defined as 
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 should be bounded by 
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 and dependent on the LPN class (see the text proposal below).

Proposal 2: Coverage matching i.e. adjusting Node B parameters such as maximum TX power, RX sensitivity and RoT should be taken as the reference method for benchmarking other solutions to the co-channel scenario.
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-------------------------------- START OF TEXT PROPOSAL FOR TR 25.800 -------------------------------
A.1
System Simulation Assumptions

The system simulation assumptions for UMTS Heterogeneous Networks are shown in Table XXX.
Table XXX: System simulation parameters for UMTS HetNet performance evaluation
	Parameters
	Values and comments

	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Cell Layout
	57 cell hexagonal (19 NodeB, 3 sectors per Node B with wrap-around)

21 cell hexagonal (optional)

	Inter-site distance
	500 m
1000 m (optional)

	Number of LPNs 
	1, 2, 4; 8 (optional); 16 (optional)

	Deployment of LPNs

	Minimum distance between LPN and macro cell: 75m

Minimum distance between LPNs: 40m 

	Dropping criteria for LPNs


	· LPNs are randomly and uniformly distributed within a macro cell.
· (Optional) LPNs are deployed according to the received CPICH RSCP of the macro cell: 

CPICH RSCP = TxPow_CPICH + AntGain - PL – PenLoss

TxPow_CPICH is the CPICH tx power of macro cell (33dBm)

AntGain is the antenna gain
PL is large scale fading calculated according to path loss model
PenLoss is the penetration loss

The deployment of LPNs will be labelled as centre, near, middle, far, edge, from the macro cell depending on the CPICH RSCP value, P(dBm).

P=-46dBm, centre (the min distance between UE and macro cell, and UE is in main beam of antenna); 

P=-66dBm, near (1/3 of distance centre-edge of the macro cell) 

P=-74dBm, middle (1/2)

P=-80dBm, far (2/3)

P=-88dBm, edge

	Number of UEs
	· For full buffer (DL) 

· 16, optional 32 for the case of 16 LPNs
· For full buffer (UL) 
· 8
· For bursty traffic model
· variable up to system stability level

	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


	· Random: UE randomly and uniformly distributed within a macro cell 

· Hotspot: Randomly and uniformly dropping with Photspot of the total users within a radius, r, of LPN base station, and randomly and uniformly dropping of the remaining users in the entire macro geographical area of the given macro cell (including LPN area).

Type 1: Photspot = ½ 

Type 2: Photspot = ¾  (optional)
The radius r of the LPN is equal to 20m, 35m, and 60m when the LPN power is 24dBm, 30dBm, and 37dBm, respectively.

	RoT
	Macro cell: 6dB
LPN: 6dB

	Scenarios
	· Outdoor
· Mixed scenario with 60% indoor and 40% outdoor users 
· Indoor users modelled with path loss with a lognormal distribution, mean = 11dB, and std dev = 6.5dB.

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

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

	Log Normal Fading
(outdoor)
	Standard Deviation: 8dB (macro cell); 10 dB (LPN)
Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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LPN: 2D Antenna, omni-directional

	LoS channel model
	Optional, channel model from TR36.819 [1] with fast fading with Rician K factor

	Channel Model
	PA3, VA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of NodeB, 
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	Macro Node: 43dBm
LPN: 37 dBm, 30 dBm, 24 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure, 
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	Macro Node: 5 dB

LPN: chosen such that:
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where the UL/DL mismatch 
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	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz (reception bandwidth 3.84MHz)

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

Total available power for HS-PDSCH is 80% (SIMO) / 75% (MIMO) of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER.
HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority. 

HS-DPCCH decoding is assumed ideal.

UL HARQ operating point: 1% residual BLER after 4th transmission

	Number of HARQ processes
	6

	HS-SCCH code number
	4

	Total overhead power
	20% (SIMO) / 25% (MIMO)

	UE Receiver
	Type 3i (LMMSE 2-rx with IC); Type 3 (LMMSE 2-rx); 1-rx

	Soft Handover
	Consideration Scenarios with and without SHO

	Soft Handover Parameters
	SHO available

· R1a (reporting range constant) = 4.5dB

· R1b (reporting range constant) = 4.5dB

Consideration of scenarios without SHO

	CIO
	3 dB

	Max active set size
	3

	Power control
	UL: Target 10% IBLER after the first transmission 

DL: Based on CQI. No IBLER control

	Network Configuration
	SIMO

MIMO (optional)


-------------------------------- END OF TEXT PROPOSAL FOR TR 25.800 -------------------------------
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