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1
Introduction
In this contribution we propose some further text updates to TR 36.839 [2] on pico cell discovery in HetNets. It is important to capture all the possible solutions on pico cell discovery already proposed to RAN2.
2
Motivations
After RAN2#78 discussion on HetNet mobility, the follow up email discussion 78#53: LTE/HetNet: Update of TR 36.839 has been conducted [1].  It was intended to capture all the possible solutions which have been proposed to RAN2 on pico cell discovery into TR 36.839.   So far, most of the proposed solutions are captured. In order to include all the valuable proposals to conclude the HetNet mobility study item and facilitate futher work on the new work item, in the contribution, we propose to add some pico cell discovery proposals from prior ALU contributions. References are added to the text proposal.
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6.4
Potential enhancements for improved small cell discovery/identification
6.4.1
Solution 1:
Longer measurement period [20]
Longer measurement period is applied for inter-frequency small cell measurements.

6.4.2
Solution 3:
Relaxed side condition [23]
Side conditions for measurements, such as SCH_RP, SCH Ês/Iot, RSRP and RSRQ Ês/Iot can be relaxed for small cell measurements.
6.4.3
Solution 9:
UE MSE based measurements [21,32]
Fast-moving UE (high and possibly medium mobility state) may suspend inter-frequency measurements that are configured for offloading/load balancing purposes.

6.4.4
Solution 10:
Small cell signal based control of measurements [22]
If UE detects a sufficiently strong small cell (stronger than a signal quality threshold configured by the network), it can suspend inter frequency search of other small cells. If the small cell becomes weaker, the UE would resume inter-frequency search of other small cells whereas the search for the frequency of the found small cell would be less frequent.
6.4.5
Solution 4:
Measurements without gap assistance [23]
For Carrier Aggregation cases, measurements without gap assistance are mandated for CA capable UE.
6.4.6
Solution 2:
Small cell discovery signal in macro layer [24]
Discovery signal formed by legacy control channels (PSS, SSS, System information) is transmitted on the macro layer at the location of inter-frequency small cell. The UE identifies the discovery signal as a regular intra-frequency cell and report the cell to the serving eNB according to the measurement configuration. The eNB can either immediately trigger a handover to the inter-frequency small cell (if the discovery signal is known to represent the coverage of the inter-frequency small cell) or request the UE to perform inter-frequency measurement.
6.4.7
Solution 6:
UE based proximity detection [25, 33]
Autonomous cell search and proximity indication, which UE already applies to CSG cell detection and measurement, can be extended to hotspot small cell discovery with minimum impact on the specifications. For example, similar to the white list of the CSG cells maintained in a UE, a  list of most frequently visited cells with associated radio information could be maintained in the UEs to support an autonomous search of those pico cells.
6.4.8
Solution 5/ 7:
Proximity detection based on macro/pico cell listening [26, 27]
Proximity detection for inter-frequency open access small cells (picos and open HeNBs) is performed by the eNB, and the macro eNB activates inter-frequency measurement for the concerned UE(s). The details of the proximity detection can be left to eNB implementation, but it can be based on location information or a fingerprint based on the signal levels of neighbouring (macro) cells that UEs experience while connected to the small cell, which can be gathered from the measurement reports of UEs that are involved in HO to/from the pico cell.
Alternatively, a pico cell can discover that a Macro UE is nearby if uplink signal from the UE is detected. Similar methods are also being discussed to address the issue of UL interference to small cell in the work item Carrier-based HetNet ICIC for LTE lead by RAN3 [29].
6.4.9
Solution 8:
Proximity detection with broadcast assistance [28, 33]
In order to indicate the presence of Pico cells in the Macro cell vicinity, the network could indicate the presence of Pico cells through a broadcast bit or the location range of the alert zone of the pico cell(s) overlaid with the macro cell. The network could also publish the frequencies where the pico cells could be found. The UE could then start background measurements on these frequencies if it supports these frequencies in DRX. Periodicity could be left to UE implementation. When UE sees Pico cells, it sends a "proximity report" and then the Network configures normal measurements and UE reports normal measurement report. The UE could stop the background search after being handed over into a Pico cell.

6.5
Evaluation results
Table 6.5-1 and 6.5-2 show the evaluation results by the criteria described in Section 6.2. Yes/ No in the Tables means the indicated solution meet/ does not meet the indicated criterion. Detailed evaluation results can be found in Annex A.

Table 6.5-1 Evaluation results on potential enhancements (1)

	
	Relaxed measurement configuration (Solution 1 & 3)
	UE MSE based measurements (Solution 9)
	Small cell signal based control of measurements (Solution 10)
	Measurements without gap assistance (Solution 4)

	Criterion 1
	Yes
	Yes for high speed UE
	Yes, with Solution 1 & 3
	No

	Criterion 2
	Yes
	Yes for high speed UE
	Yes, with Solution 1 & 3
	Yes

	Criterion 3
	Yes, if applied for small cell discovery purposes
	Yes for high speed UE
	Yes, with Solution 1 & 3
	Yes

	Criterion 4
	Yes
	Yes
	Yes
	May have an impact

	Specification impact
	[FFS]
	[FFS]
	[FFS]
	Already available for some CA band combinations

	Note
	
	Complementary solution with relaxed measurement configuration
	Complementary solution with relaxed measurement configuration
	Only applicable to CA capable UEs


Table 6.5-2 Evaluation results on potential enhancements (2)

	
	Small cell discovery signal in macro layer (Solution 2)
	UE based proximity detection (Solution 6)
	Proximity detection based on macro/pico cell listening (Solution 5& 7)
	Proximity detection with broadcast assistance (Solution 8)

	Criterion 1
	Yes
	Up to UE implementation
	Yes
	Up to implementation

	Criterion 2
	Yes
	Yes
	Yes
	Yes

	Criterion 3
	Yes
	Yes
	Yes
	May have an impact

	Criterion 4
	Yes, if UE is served on the small cell. Otherwise, No.
	Yes
	Yes
	Yes

	Specification impact
	No impact
	Reuse of the CSG cell solution. Performance requirements and test cases are required.
	For macro cell listening, no impact.

For pico cell listening, X2 signalling is required
	Broadcast indication for small cell presence or the location range of the pico cell alert zone.

	Note
	RF unit for macro carriers is required for Pico eNB.
	
	For pico cell listening, X2 connection between macro and pico eNB is required. RF unit for macro carriers is also required.
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