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1. Introduction

In RAN2#83bis, RAN2 have Agreed that we will down select purely UE based proximity detection mechanism for DCH state.

This paper just discusses NW based and NW assistance solutions to small cell discovery and identification for DCH state and tries to get some conclusions.
2. Discussion

2.1 NW based

There are two types of network based proximity detection mechanism:

a) Macro cell based proximity detection

The proximity detection is performed by the macro network (macro cell NodeB for example). Upon being detected by macro network of the proximity to a small cell, the UEs are further commanded to initiate inter-frequency measurements towards that detected small cell.
The main approach is that, by collecting info related location from UE side, e.g., intra-frequency measurement results (RF related fingerprint) or Round Trip Time (RTT), and matching with the info stored in network, network could be aware of UE’s proximity to a small cell. And UE has to periodically report such required info, since the network has to keep tracking UE’s moving, which will cause quite a lot of signalling over radio interface. 

Observation 1: for macro cell network based proximity detection mechanism, UE must periodically report the related measurement info to NW and cause much signalling over Uu. 

b) Small cell based proximity detection 
The proximity detection is performed by small cell (small cell NodeB for example). Through detecting the uplink signal of UE, the small cell is aware of UE’s proximity to itself and notifies to macro cell, and UE would be commanded to initiate inter-frequency measurements to this small cell.

The main approach is that, the macro cell sends the uplink configuration info of CELL_DCH UE(s) to the small cell(s) under its coverage, and then the small cell(s) will periodically detect those uplink signals, and notifies the macro cell if these UEs are detected. 
The solution has no impact on the UE including the power consumption and radio signalling. There are some drawbacks for this solution, firstly, it is very difficult for macro cell to determine which UE(s) should be detected by small cell; secondly, the small cell needs additional inter-frequency RF device which will introduces additional cost and increases small cell working load; finally, some impacts in RAN3 will be introduced. 

Observation 2: for small cell network based proximity detection mechanism, the possible drawbacks are difficulty in choosing UEs for macro cell, high cost and remarkable working load for small cell.
2.2 NW assistance 

As illustrated in Figure 1, the main approach of this solution is, the network provides small cell fingerprint info to UE via dedicated signalling. As discussed above, the fingerprint info is RF related, e.g., radio quality info of at least two macro cells in RSCP and/or Ec/No towards the inter-frequency small cell. UE matches the radio environment with the fingerprint info provided by network. When they are matched, UE report proximity indication to network.
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Figure 1. UE detects inter-frequency small cell with network assistance
As the proximity measurement has already specified in Rel-9. The standard impact for support this function is limited.
· For proximity detection, added network fingerprint information.

In [1], we discuss using Ec/No as radio fingerprint info to do proximity detection. Considering cell Ec/No value fluctuates with network load, the network will change threshold values and send to UEs if using Ec/No as the radio fingerprint of proximity detection. This will increase the network burden and signalling to UE.

Cell RSCP can keep steady and doesn’t change from the network load. It is preferred as fingerprint of proximity detection. 
According to [2], UE can read one or several PLMN identities in the strongest cell, when the measured primary CPICH RSCP value is greater than or equal to -95 dBm. So we simulate (simulation assumptions see in Annex) and statistic number of UEs which fulfill this criterion and receive at least 2 such cells, see table below:
	Item
	50% Load
	100% Load

	Number of UE (Note1)
	444
	446

	Rate (number above/total UE number)
	97.4%
	97.8%

	Note1: Here UE can receive at least 2 cells RSCP which is larger than -95dBm. 


From table above, we can see the numbers of UEs which can detect at least 2 cells (RSCP value above -95 dBm) are 444 and 446 for 50% and 100% load respectively. 
Observation 3: The UE detecting small cell with network assistance can provide highly proximity detect performance.

3. Conclusions

This contribution mainly discussed the solutions of small cell discovery and identification for DCH UEs, and the following proposals were given:
Proposal 1: It is propose that, to the issue of inter-frequency small discovery and identification, RAN2 should focus on the solution of UE detecting small cell with network assistance.
Proposal 2: it is proposed to use cell RSCP as radio fingerprint for the UE detecting small cell with network assistance.

4. Annex

Following table lists the simulation assumptions
	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)

	Cell loading [%]
	100, 50

	Macro deployment type
	Co-channel

	
	

	Inter-site distance
	500 m

	Number of LPNs 
	0

	Number of UEs
	For full buffer
8

	UE speed  [km/h]
	120

	Tmeasurement period intra [ms] 
	200

	Layer3 Filter Parameter K

(corresponding to 458ms filter time constant with Tmeasurement period intra =200 ms)
	3

	UE movement
	Random

( After initially being dropped at a random location, the UE will randomly select a direction and move in a straight line at a constant speed)

	Deployment of UEs
	The minimum distance between UE and Macro cell is 35m

	Dropping criteria for UEs
	Random: UE randomly and uniformly distributed within a Macro cell 

	Scenarios
	Outdoor

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

	Log Normal Fading

(outdoor)
	Standard Deviation: 8dB (Macro cell) 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

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum Tx Power of NodeB
	Macro Node: 43dBm

	Max BS Antenna Gain
	Macro cell: 14dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

	UE Noise Figure
	9 dB

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

	Soft Handover
	Consideration Scenarios with and without SHO

	Soft Handover Parameters
	SHO available

R1a (reporting range constant) = 3dB

R1b (reporting range constant) = 6dB

Consideration of scenarios without SHO

	CIO
	0 dB

	Max active set size
	3
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