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1. Introduction

In RAN#61 plenary, the WI of UMTS HetNet mobility was approved [1]. The detailed objectives of this work item are:

· Consider solutions for small cell discovery and identification.  Focus should be on proximity detection (UE based, NW based, UE based NW assisted) and the relaxed inter-frequency measurements for UE in Non DCH state (RAN2, RAN3, RAN4)

· Consider solutions to improve mobility for UEs with high speed. (RAN2, RAN4)
· Consider solutions to support mobility function for massive small cell deployments focusing on extended NCL list. (RAN2,RAN3, RAN4)
· Consider further mobility enhancements (e.g. intra-frequency event triggered reporting on the secondary carrier). (RAN2, RAN4)
In RAN2#83, RAN2 have reached the conclusion on the first bulletin. 
Agreements:


For the solution options to small cell discovery and identification, it is proposed that discussion should be focused on proximity detection (UE based, NW based, NW provides assistance) related mechanism and the relaxed measurements for UE in Non DCH state, in the WI phase.

This paper further discusses the solutions to small cell discovery and identification and tries to suggest the further way forward for the next step.

2. Discussion

2.1 Under which state to perform inter-frequency small cell discovery
The intention of inter-frequency small cell discovery is to inform UE about the presence and its proximity of a small cell, and the main intention of deploying small cells is to offload the traffic to the small cell, therefore it is reasonable to make the inter-frequency small cell discovery for CELL_DCH UE and make handover decision to the small cell according to the traffic load, if the inter-frequency small cell is available. 
For the non-DCH UE, there should be of low traffic volume, e.g. in CELL_FACH state or even no traffic in idle or PCH state. It is not expected the macro cell traffic been offloaded by moving non-DCH UE to small cell. However, the small cell discovery in non-DCH state can be considered as a preparation for traffic offload when UE enter DCH afterwards. We can first focus on small cell discovery on DCH state. If no suitable solution for DCH available, we can consider non-DCH state later. 
Proposal 1: It is proposed RAN2 to focus on CELL-DCH state when discussing the inter-frequency small cell discover mechanism.
2.2 Analysis of solutions to small cell discovery and identification
As concluded during SI phase, solutions to small cell discovery and identification should mainly focus on proximity detection mechanisms, and there are mainly three of them, UE based, network based and UE detecting with network assistance, this section tries to have detailed analysis one by one.

2.2.1 UE based proximity detection
As discussed during HNB topic, UE based proximity detection is mainly based on UE implementation (e.g. the fingerprint info maintained by UE), UE could be aware of its proximity to a small cell and provide the network a proximity indication, the network could configure the compressed mode gaps for the UE to identify the inter-frequency small cells.
Previous discussions for HNB also suggested some mechanisms for maintaining the fingerprint info, e.g., GPS position info of a small cell or, intra-frequency radio quality info when a UE is near a small cell under macro coverage (similar as RF pattern). However, whether such mechanisms could be applied to small cell is questionable. Since the number of accessible HNBs for a UE is limited, while all the small cells are assumed to be publically accessible, in that sense, the volume of fingerprint info for HNBs is limited but enormous for small cells, such big difference almost makes these mechanisms infeasible for small cell discovery. 

Observation 1: UE based proximity detection mechanism for HNB is infeasible for small cell discovery.
2.2.2 Network based proximity detection

There are two types of network based proximity detection mechanisms:

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. 

· For RF related mechanism, the 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. 

· For RTT based mechanism, according to 25.133, this mechanism requires UE must be in Cell_DCH state, and the accurate location requires at least two cells, which means only those UEs in the soft handover area (less than 30% UE) could provide valid RTT info for the network to determine the location; the scope indicated by RTT info of UEs which are not in soft handover area is too large to determine the location. In general, proximity detection based on RTT is of low efficiency. 

Observation 2: for macro cell network based proximity detection mechanism, the possible drawbacks are large number of radio signalling or, of low efficiency. 

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 3: 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.
2.2.3 UE detecting small cell with network assistance 

As illustrated in Figure 1, the main approach of this solution is, the network provides small cell fingerprint info to UE dedicated signalling. As discussed above, the fingerprint info is RF related, e.g., radio quality info of small cell towards at least two macro cells in RSCP and/or Ec/No. UE matches the radio environment with the fingerprint info provided by network. When they are matched, UE report proximity indication to nework.
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Figure 1. UE detects 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.

Cell RSCP value is not impacted by the load, it is preferred as fingerprint info, the detection performance is impacted by the Cell Ec/No, therefore here uses the unit of Ec/No as the performance evaluation.
Figure 2 shows the percentage of UEs which could detect at least two macro cells in different threshold, in the unit of Ec/No as an example, the simulation assumption can be seen in section 4. 
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Figure 2. The percentage of UEs detecting at least two macro cells

The load in the figure is the macro cell load. The criteria for a cell is detectable are:

· For Single RX UE, Ec/No of a cell is larger than -20dB, the cell is considered as detectable.
· For Dual RX UE, Ec/No of a cell is larger than -23dB, the cell is considered as detectable.
Some advanced UE may have a lower threshold for cell detectable. This will increase the percentage of UEs detecting at least two macro cells.
As could be seen from Figure 2 above, the percentage of UEs which could detect at least two macro cells varies with the different Ec/No threshold. This means the small cell which deployed at the detectable area, using this solution, UE can detect the small cell.

For 50% of macro load, the percentages of UEs detecting at least two macro cells are 72% and 84% for Single Rx UE and Dual Rx UE. Consider the un-detectable area are most in the center of macro cell which may have less possibility for small cell deployment, we can have the following observation.
Observation 4: The UE detecting small cell with network assistance can provide highly proximity detect performance.

Another advantage of this solution is when the radio fingerprint changed, the network can send up-to-date assistance information to UE to ensure reliability of small cell detection.

Compared with UE based proximity detection , this solution doesn’t require UE to maintain the huge volume of fingerprint info, the complexity in UE side is reduced significantly; compared with solution 2, solution 3 requires no additional cost or impact in small cell, less complexity in macro cell, also less signalling impact over radio interface. 
In summary, the solution3 has following advantages:

· High detecting performance and high reliability. 
· Limited specification impact.

· Easy implementation: no additional requirements on UE and network. 

· No additional power consumption for UE as UE just needs to measure intra-frequency cell.

Considering the analysis above, we could have the following proposal:
Proposal 2: 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
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 proposed RAN2 to focus on CELL-DCH state when discussing the inter-frequency small cell discovery mechanism.
Proposal 2: 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.

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
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3GPP ant (2D ant):                                                                                                                                                     = 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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