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1. Discussion and proposal
This paper reports text proposal to TR 36.839 discussed under the email discussion [78#21] as shown below:
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Strategies for improved small cell discovery/identification
6.1
Deployment scenarios
Small cells can be deployed for various reasons, resulting in a heterogeneous network comprising small cells of different sizes/types (e.g. micro, pico, femto). One expected scenario is the offloading of users from macro layer to small cell layer where the macro layer and small cell layer are on different carrier frequencies. The study will focus on a scenario where one macro frequency provides full coverage and where pico cells are provided on second frequency layer for offloading purposes including means to improve perceived QoS on hot spot locations. For inter-frequency small cell detection, the study will focus on the following use case where the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.  







6.2
Objectives for inter-frequency small cell measurements
The objective is to optimize the data offloading potential (e.g. maximize the amount of data that is transmitted in pico cells rather than in macro cells; maximize the time a UE stays out of the macro cell) with the following criteria:

1) UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.

2) Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.

3) Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.

4) Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.

The impact to UE power consumption depends on how often and for how long a UE performs inter-frequency measurements.  The study should evaluate, in particular, UE power consumption relative to how much offloading opportunity and QoS benefit is lost e.g., due to delayed detection of the small cell.

The study will also investigate whether the same findings apply also to detection of candidate SCells on the second frequency layer.

Enhancements will be evaluated against mechanisms that can be realized with available functionality.
6.3
Analysis of existing inter-frequency measurements
In the target use case described in Section 6.1, small cells provide hot spot coverage ovarlapping with macro cells providing continuous coverage. Since the UE would not know when the small cell coverage is available, the UE may always have to do inter-frequency measurements for identifying small cells. If the UE is always required to perform measurements, significant UE power consumption is expected. Figure 6.3-1 shows simulation results on 95th percentile energy used for inter-frequency small cell measurements [aa]. If the existing gap pattern (e.g., 6ms measurement gap every 80ms period) is applied, approximately 1000J energy consumption is observed when the number of measured cells is less than 20. 
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Figure 6.3-1: Energy used on small cell scan as a function of amount of small cells in 14 hours [aa].
6.4
Potential enhancements
6.4.1
Soluton 1:
Longer measurement period [bb]
Longer measurement period is applied for inter-frequency small cell measurements.
6.4.2
Solution 3:
Relaxed side condition [ee]
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 [cc]
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 [dd]
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 [ee]
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 [ff]
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 [gg]
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.
6.4.8
Solution 5/ 7:
Proximity detection based on macro/pico cell listening [hh, ii]
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 neighboring (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 [kk].
6.4.9
Solution 8:
Proximity detection with broadcast assistance [jj]
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. 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

	Critetion 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

	Critetion 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

	Note
	RF unit for macro carriers is required for Pico eNB.
	
	For pico cell listening, X2 connectionbetween macro and pico eNB is required. RF unit for macro carriers is also required.
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Annex A (informative):
Detailed evaluation results on potential enhancements for inter-frequency small cell measurements

Table A-1 Evaluation results on relaxed measurement configuration
	
	Relaxed measurement configuration (longer measurement period and relaxed side condition (Solution 1 & 3)

	Criterion 1
	UE power consumption can be reduced by performing inter-frequency measurements less frequently. More than 90% power saving can be achieved by applying 1s measurement period and more, compared with 80ms period [ll]. In addition, UE power consumption can be reduced by relaxed side conditions, since UE is not required to be able to measure cells at the lower SIR. The gain and to what extent the side condition can be relaxed needs to be consulted by RAN4.

	Criterion 2
	Since the measurement (with gap assistance) is performed less frequently, interruptions on the serving cell(s) can also be reduced.

	Criterion 3
	Handover initiation will be delayed due to the longer measurement period. However, this would not result in HO failure in the target use case. This is because the source cell radio quality would be still good, even if the handover initiation is delayed. Note that if we use the longer measurement period and the relaxed side condition only for small cell discovery purposes but make actual handover decisions based on measurement done using existing gap patterns and side conditions there is no impact to inter-frequency mobility performance.

	Criterion 4
	Mobility performance of legacy UE is not at all degraded by this Solution since only REL-11 UE and mainly for the purpose of small cell discovery will be configured with this longer measurement gap and relaxed side condition. Legacy UEs will ignore the new REL-11 measurement configuration.


Table A-2 Evaluation results on UE MSE based measurements
	
	UE MSE based inter-frequency small cell measurements (Solution 9)

	Criterion 1
	This is a complementary solution that could be used along with Solution 1. As this provides an additional criterion of using the mobility state of the UE it filters further as to which REL-11 UEs perform small cell discovery measurements.  Since fast-moving UE suspends inter-frequency measurements it helps those UEs in reducing the power consumption.

	Criterion 2
	Since this solution involves suspending small cell discovery measurements depending on UE MSE, for those UEs for which measurements are suspended there is no need to use measurement gaps to perform measurements. Hence the interruption on the serving cell(s) is not increased compared to not employing this enhancement. In contrast, the interruption on the serving cell for some population of the REL-11 UE is actually reduced.

	Criterion 3
	Fast-moving UE should in general not connect to small cells. This is because the UE travels through the cell coverage so quickly that sufficiently long connections cannot be established [13,14]. Since this solution is actually avoiding inter-frequency mobility for some population of the REL-11 UEs there is no impact to inter-frequency mobility performance for those UEs as well as to other UEs in the same cell.

	Criterion 4
	As this solution is not applicable for legacy UEs there is no impact to legacy UE at all. Only REL-11 UEs based on MSE will know when to suspend small cell discovery measurements. Any signalling defined for this method will be ignored by legacy UEs


Table A-3 Evaluation results on small cell signal based control of inter-frequency measurements
	#
	Small cell signal based control of inter-frequency measurements (Solution 10)

	Criterion 1
	This is a complementary solution that could be used along with Solution 1. When small cells are deployed in more than one carrier frequencies this solution allows UE to suspend inter-frequency measurements for small cells on other carrier frequencies if the UE had already found a small cell with signal conditions about the configured threshold in one carrier frequency. UE resumes inter-frequency measurements for small cells on other carrier frequencies only if the UE cannot find any small cells with signal conditions about the configured threshold in the earlier detected carrier frequency. Since this allows UE to perform inter-frequency measurements in a specific frequency and since it can use the background measurements as in Solution 1, it helps reduce the UE power consumption.

	Criterion 2
	 Similar to Solution 1, since the measurement (with gap assistance) is performed less frequently, interruptions on the serving cell(s) can also be reduced.

	Criterion 3
	Similar to Solution 1, Handover initiation will be delayed due to the longer measurement period. However, this would not result in HO failure in the target use case. This is because the source cell radio quality would be still good, even if the handover initiation is delayed.

	Criterion 4
	As this solution is not applicable for legacy UEs there is no impact to legacy UE at all. Any signalling defined for this method will be ignored by legacy UEs.


Table A-4 Evaluation results on measurements without gap assistance
	
	Measurements without gap assistance (Solution 4)

	Criterion 1
	The solution does not help to minimise UE power consumption.

	Criterion 2
	Interruption on the serving cells can be avoided.

	Criterion 3
	The solution will not degrade the mobility performance, as measurement report is not delayed by the additional measurement.

	Criterion 4
	If the number of simultaneous measured carriers (three carriers) are kept as it is there could be an impact to existing measurement requirements.


Table A-5 Evaluation results on Small cell discovery signal in macro layer
	
	Small cell discovery signal in macro layer (Solution 2)

	Criterion 1
	Inter-frequency measurement is performed only when the UE is near the vicinity of the small cell coverage area.  Thus the number of measurements is reduced.

	Criterion 2
	Because inter-frequency measurements are only performed in the vincinity of the small cell coverage area and we do not argue for any longer measurement gaps, the number of interruptions to the serving cell is minimised.

	Criterion 3
	As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.  

	Critetion 4
	From the view point of inter-frequency small cell identification, the solution 2 works also for legacy UEs since it relies on existing channels and procedures.

From the view point of intra-frequency mobility at macro layer, potential impact of pilot pollution needs to be considered. For UEs in the coverage of the small cell, it is expected that service will be provided by the “small cell layer”, and hence the pilot pollution caused on the layer of the macro cell is not a concern. Interference cause to UEs outside the coverage of the small cell is limited because discovery signals consist of common channels only, and their power can be set to prevent leakage outside the intended coverage of the small cell.

One case where the discovery signal transmitted by the small can be unacceptable is when a UE does not have the RF capability to operate in the layer of the small cell, because the UE cannot be moved to the small cell layer while discovery signal can cause unacceptable interference on the macro layer as the UE moves very close to the small cell.


Table A-6 Evaluation results on UE based proximity indication
	
	UE based proximity detection (Solution 6)

	Criterion 1
	Whether UE power consumption is reduced is up to UE implementation scheme for RF fingerprint measurements.

	Criterion 2
	Because inter-frequency measurements are only performed in the vincinity of the small cell coverage area and we do not argue for any longer measurement gaps, the number of interruptions to the serving cell is minimised.

	Criterion 3
	As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.  

	Critetion 4
	There is no impact to legacy UE.


Table A-7 Evaluation results on Proximity detection based on macro/pico cell listening
	
	Proximity detection based on macro/ pico cell listening (Solution 5 & 7)

	Criterion 1
	Inter-frequency measurement is performed only when the UE is near the vicinity of the small cell coverage area.  Thus the number of measurements is reduced.

	Criterion 2
	Because inter-frequency measurements are only performed in the vincinity of the small cell coverage area and we do not argue for any longer measurement gaps, the number of interruptions to the serving cell is minimised.

	Criterion 3
	As it is possible to perform only at the targeted place (and time) the measurement of the frequency on which small cell resides, the impact is minimized on the mobility performance on macro cell carriers and the number of inter-frequency measurement UE has to perform.  

	Critetion 4
	There is no impact to legacy UE.


Table A-8 Evaluation results on Proximity detection with broadcast assitance
	
	Proximity detection with broadcast assistance (Solution 8)

	Criterion 1
	Power consumption may be reduced as the periodicity could be left to UE implementation.

	Criterion 2
	No interruption to serving cell as scan periodicity is UE implementation.

	Criterion 3
	Pico discovery could be delayed but then again it is subject to UE implementation and the periodicity of the background scans.

	Critetion 4
	No impact to the legacy UEs.
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