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Introduction
3GPP RAN1#77 meeting agreed on HetNet agenda item [1]. Small cells, also known as Low Powered Nodes (LPNs) are deployed to satisfy targeted coverage requirements particularly in indoor and urban scenarios where macro falls short of meeting the growing data rate demands. Paper [2] introduced some aspects of Small Cell discovery in Inter-Frequency Scenarios using Round Trip Time (RTT) measurements and LPN UL measurement on not serving frequency carrier. This contribution provides some further observations and optimizations for single carrier UEs. 
For a UE not capable of measuring two carriers in parallel, Compressed Mode (CM) is used to trigger Inter-Frequency measurements. In macro only deployments, the overlapping coverage of multicarrier cells ensure that potentially a UE can detect the second carrier anywhere in the cell. However in case of small cells with dedicated carrier frequency for LPN which is different from the serving macro’s frequency, stand alone CM is not an optimal solution. By using CM only, many UEs which may not be in the close proximity of the LPN will unnecessarily start inter-frequency measurements. In [3] we proposed to use RTT to narrow down the geographic scope of the UEs for determining their proximity to the LPNs. We further proposed narrowing down the RTT arc by using soft handover zone knowledge or by using RTT from multiple cells in case the UE has more than one cells in its active set. Section 2 presents a numerical analysis for the percentage of users benefiting from this approach. Alternatively, listening mode in LPN can also be used as a trigger for inter-frequency measurements which is described in section 3.
2
Results for RTT combined with CM for LPN discovery
Figure 1 shows a colour-coded geographic layout of a HetNet consisting of co-channel and dedicated carrier LPNs. The layout is generated using a system level simulator. Dark blue marks the Non-Handover Zone, while light blue and orange represent SHO zones for macro and co-channel LPNs respectively.  Coverage area of dedicated carrier LPNs is illustrated by green and the effective RTT curves are shown are yellow while its thickness signifies the error margin. Without taking into account the active set knowledge (or using RTTs from multiple cells in active set), the RTT curve spans the entire hexagonal cell. However, depending on the position of dedicated carrier LPN in accordance with different illustrated zones, effective RTT arc has a reduced size. For example, for LPN1, only UEs which report similar RTT corresponding to LPN1(location known at network level) and having no cells in its active set are ordered to trigger CM. In case of LPN2, the UEs which satisfy the RTT condition and are in SHO zone with other macros are asked to trigger CM. Similary for LPN5, the UEs may be in the SHO with the co-channel LPN which helps in narrowing down RTT results.
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Figure 2 shows the relative percentage of users that are required to trigger compressed mode based on the knowledge of active set compared to a benchmark case of RTT-less CM triggering (100%). The numbers are computed on average size of each of the zones illustrated above. It can be seen that RTT significantly reduces the amount of unnecessary measurement triggers in all cases. With an intersite distance of 500 meters, an RTT curve with an error margin set to 50 meters implies that out of all the UEs, roughly 20% of the total users would fall in the bracket with a similar (pre-computed) RTT as the inter-frequency LPN. By adding the active set knowledge, the relative area where users with similar RTT as the LPN are asked to trigger CM reduces further. Based on figure 1, this leads to relative percentage of 7 and 16 for SHO and Non-HO UEs respectively. Since co-channel LPN SHO area is smallest, very few UEs in their vicinity would require inter-frequency measurements.
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Figure 2: Percentage of Users required to trigger IF measurements using RTT and Active Set knowledge
Following table lists the simulation assumptions

	Parameter
	Value

	Carrier frequency
	2000 MHz

	Total bandwidth
	5 MHz

	Inter-site distance
	500 m

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)

	Number of LPNs
	4 per macro sector

	Deployment of LPNs
	-Randomly and uniformly distributed within a macro sector

-Minimum distance between macro and LPN: 75 m

- Minimum distance between LPNs: 40 m

	Pathloss
	Macro Node: 
L=128.1+37.6log10(R), R in kilometers

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

	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
	3GPP ant (2D ant):                                                     
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           = 70 degrees,     Am = 20 dB

LPN: 2D Antenna, omni-directional

	Penetration loss
	20dB

	Maximum Tx Power of NodeB
	Macro Node: 43dBm 

LPN: 37 dBm, 30 dBm

	Max. BS antenna gain
	Macro cell: 14dBi

LP cell: 5 dBi

	Max. UE antenna gain
	0 dBi

	UE Noise Figure
	9 dB

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

	Soft handover parameters
	R1a (reporting range constant) = 4.5dB

R1b (reporting range constant) = 4.5dB

	CIO
	0 dB, 3 dB

	Network configuration
	SIMO

	RTT Arc Error Margin
	+- 20 meters


Table1: Simulation Assumptions  
3  LPN cell discovery with LPN UL measurement on non-serving frequency carrier
Let’s assume scenario that LPN is two carriers capable but only one carrier is used as in Figure 3 where F2 is operating carrier in LPN. F1 carrier is not serving UEs but could be used for UL measurement, so receiver on F1 is enabled. 
As we have already discussed, the inherent tradeoff when using CM in the form of UE battery drain and increased noise rise comes at a cost; the possibility to use the receiver of the unused carrier in the LPN can provide a better alternative when possible.
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Figure 3: Multi-Carrier Macro and LPN
In this method, RTT can be used as described earlier. However instead of triggering CM in the UE, the primary carrier receiver of the LPN can be ‘tuned’ to measure SINR of the nearby UEs. In order to carry out such measurements, as a first step the UEs are selected based on methods described in section 2. For a set of selected UEs, LPN is programmed with UE information such as uplink scrambling code and the macro-LPN timing difference. Once this information is available at the LPN through RNC, the LPN uses its primary carrier receiver to monitor and compare the SINR (SINR of DPCCH channel) of the chosen UEs against a pre-defined threshold. Upon meeting the threshold criteria, the UE is further ordered to initiate periodic IF measurements leading eventually to IFHO. Figure 4 provides a step-by-step illustration of the proposed solution. This solution could decrees IF measurement to minimum.
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Figure 4: LPN cell discovery with LPN UL measurement on not-serving frequency carrier 
The information required for synchronizing and measuring macro UEs in LPN could be the same as described in RAN1 paper [4] describing localisation of macro UEs in the Strong Mismatch Zone in co-channel deployment.
4 Conclusions
This contribution highlights some of the issues related to small cell discovery in inter-frequency scenarios and proposes two solutions based on location based services. Following proposals should form a basis for the discussion;
Proposal 1: Recognize the need to optimize the cell discovery process for inter-frequency HetNet scenarios in DCH mode.

Proposal 2: Discuss the possibility of using Location Based Services for efficient LPN cell discovery
Proposal 3: Discuss the potential of enhancing LPN cell discovery process with LPN UL measurement on non-serving frequency carrier
Beginning of Text Proposal

1. Network based proximity detection 

As described in [12] and [13], proximity detection for inter-frequency small cells is performed by the macro network or LPN through detecting the uplink signal of UEs which are near the small cells, upon being detected by macro network or LPN, the UEs are further commanded to initiate inter-frequency measurements towards small cells. Here the main challenge is how to determine those nearby candidate UEs, Round Trip Time (as used in location based service, for example) measurements or pre-configured information, e.g., fingerprint info, SHO configuration of the UE are possible ways. Also, the network based mechanism avoids the UE power consumption at the cost of additional working load and complexity in the network.
Evaluation:

Figure 1 shows a colour-coded geographic layout of a HetNet consisting of co-channel and dedicated carrier LPNs. The layout is generated using a system level simulator. Dark blue marks the Non-Handover Zone, while light blue and orange represent SHO zones for macro and co-channel LPNs respectively.  Coverage area of dedicated carrier LPNs is illustrated by green and the effective RTT curves are shown are yellow while its thickness signifies the error margin. Without taking into account the active set knowledge (or using RTTs from multiple cells in active set), the RTT curve spans the entire hexagonal cell. However, depending on the position of dedicated carrier LPN in accordance with different illustrated zones, effective RTT arc has a reduced size. For example, for LPN1, only UEs which report similar RTT corresponding to LPN1(location known at network level) and having no cells in its active set are ordered to trigger CM. In case of LPN2, the UEs which satisfy the RTT condition and are in SHO zone with other macros are asked to trigger CM. Similary for LPN5, the UEs may be in the SHO with the co-channel LPN which helps in narrowing down RTT results.
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Figure 2 shows the relative percentage of users that are required to trigger compressed mode based on the knowledge of active set compared to a benchmark case of RTT-less CM triggering (100%). The numbers are computed on average size of each of the zones illustrated above. It can be seen that RTT significantly reduces the amount of unnecessary measurement triggers in all cases. With an intersite distance of 500 meters, an RTT curve with an error margin set to 50 meters implies that out of all the UEs, roughly 20% of the total users would fall in the bracket with a similar (pre-computed) RTT as the inter-frequency LPN. By adding the active set knowledge, the relative area where users with similar RTT as the LPN are asked to trigger CM reduces further. Based on figure 1, this leads to relative percentage of 7 and 16 for SHO and Non-HO UEs respectively. Since co-channel LPN SHO area is smallest, very few UEs in their vicinity would require inter-frequency measurements.
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Figure 2: Percentage of Users required to trigger IF measurements using RTT and Active Set knowledge
Following table lists the simulation assumptions

	Parameter
	Value

	Carrier frequency
	2000 MHz

	Total bandwidth
	5 MHz

	Inter-site distance
	500 m

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B with wrap-around)

	Number of LPNs
	4 per macro sector

	Deployment of LPNs
	-Randomly and uniformly distributed within a macro sector

-Minimum distance between macro and LPN: 75 m

- Minimum distance between LPNs: 40 m

	Pathloss
	Macro Node: 
L=128.1+37.6log10(R), R in kilometers

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

	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
	3GPP ant (2D ant):                                                     
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           = 70 degrees,     Am = 20 dB

LPN: 2D Antenna, omni-directional

	Penetration loss
	20dB

	Maximum Tx Power of NodeB
	Macro Node: 43dBm 

LPN: 37 dBm, 30 dBm

	Max. BS antenna gain
	Macro cell: 14dBi

LP cell: 5 dBi

	Max. UE antenna gain
	0 dBi

	UE Noise Figure
	9 dB

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

	Soft handover parameters
	R1a (reporting range constant) = 4.5dB

R1b (reporting range constant) = 4.5dB

	CIO
	0 dB, 3 dB

	Network configuration
	SIMO

	RTT Arc Error Margin
	+- 20 meters


Table1: Simulation Assumptions  

Network based proximity detection could be enhanced by LPN UL measurement on non-serving frequency.
In this method, RTT can be used as described earlier. However instead of triggering CM in the UE, the primary carrier receiver of the LPN can be ‘tuned’ to measure SINR of the nearby UEs. In order to carry out such measurements, as a first step the UEs are selected based on methods described above. For a set of selected UEs, LPN is programmed with UE information such as uplink scrambling code and the macro-LPN timing difference. Once this information is available at the LPN through RNC, the LPN uses its primary carrier receiver to monitor and compare the SINR (SINR of DPCCH channel) of the chosen UEs against a pre-defined threshold. Upon meeting the threshold criteria, the UE is further ordered to initiate periodic IF measurements leading eventually to IFHO. Figure 4 provides a step-by-step illustration of the proposed solution. This solution could decrees IF measurement to minimum.
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Figure 3: LPN cell discovery with LPN UL measurement on not-serving frequency carrier 

End of Text Proposal
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