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7.2
Mechanisms for efficient discovery of small cells and their configurations

Considering small cell deployment scenarios, following issues are foreseen as potential motivations to enhance the small cell discovery mechanism.

· Severe interference among synchronization signals/reference signals of densely deployed small cells

· Larger UE effort on inter-frequency small cell identification in multi-carrier operation scenarios

· Larger cell planning effort to avoid PCI collision and PCI confusion in super-dense deployment

· Necessity of efficient mechanism to support the small cell on/off operation if it is introduced

On top of above issues, to expand the possibilities for efficient operations in small cell layer such as load balancing/shifting, CoMP/ICIC, efficient small cell on/off, and to enhance mobility robustness in the small cell layer, the enhancement of cell detection could be considered for the timely detection of surrounding small cells. In addition, inter-frequency measurement mechanism for small cell discovery could be enhanced to maintain UE energy efficiency and detection/measurement time requirements.

In this section, the discussion is focused on the mechanisms for efficient discovery of small cells, which is a potential technique to ensure efficient operation of a small cell layer composed of small cell clusters. 

7.2.1
Performance evaluation
7.2.1.1
Rel-8 mechanism

First, to study whether the legacy cell search mechanism shows sufficient performance or inadequacies in the small cell deployment, evaluations on discovery performance of the Rel-8 mechanism based on PSS/SSS/CRS have been performed with the baseline assumptions shown in Annex A.4.

Evaluation results on the small cell detection performance in SCE scenario 2a with dense deployment for the top three small cells are summarized in Table 7.2-1.

Table 7.2-1 Detection probability performance of Rel-8 mechanism for the top three small cells in scenario 2a, 
dense deployment (1 cluster/macro, 10 small cells/cluster)

	Number of 
measurement
 samples for 
PSS/SSS
	
	Detection probability
	Different assumptions from Annex A.4

	
	
	1st cell
	2nd cell
	3rd cell
	

	1 sample
	Source 1
	0.87
	0.38
	0.11
	

	
	Source 2
	0.86
	0.35
	0.10
	

	
	Source 3
	0.90
	0.32
	0.11
	

	
	Source 4
	0.96
	0.58
	0.25
	- Frequency offset: 0 Hz

- SINR vs Detection probability curve is derived by AWGN channel

	
	Source 5
	0.99
	0.55
	0.21
	- In SINR vs Detection probability curve, number of neighbour small cells explicitly modelled is unclear

	
	Source 6
	0.97

0.99*
	0.89

0.95*
	0.75

0.88*
	- Time/Frequency offsets: Zero

- Location of PSS/SSS is known a priori

- Low cross-correlation between PSS/SSS sequences is taken into account

* False alarm probability: 0.01

	
	Source 8
	0.99

0.99*
	0.87

0.95*
	0.55

0.74*
	* For the cells with SINR > -6dB 

	
	Source 9
	0.93
	0.30
	0.04
	

	
	Source 10
	1.00
	0.71
	0.21
	

	2 samples
	Source 1
	0.97
	0.52
	0.17
	

	
	Source 2
	0.94
	0.52
	0.20
	

	
	Source 6
	1.00

1.00*
	0.97

0.99*
	0.92

0.96*
	- Time/Frequency offsets: Zero

- Location of PSS/SSS is known a priori

- Low cross-correlation between PSS/SSS sequences is taken into account

* False alarm probability: 0.01

	
	Source 9
	0.97
	0.46
	0.11
	

	
	Source 10
	1.00
	0.80
	0.33
	

	
	Source 11
	0.95 
	0.54 
	0.27 
	- All links between eNB and UE are explicitly modelled by the practical physical layer signals without any abstraction into the SLS.

	4 samples
	Source 1
	0.98
	0.54
	0.22
	

	
	Source 2
	0.97
	0.54
	0.18
	

	
	Source 4
	0.99
	0.81
	0.55
	- Frequency offset: 0 Hz

- SINR vs Detection probability curve is derived by AWGN channel

	
	Source 9
	0.98
	0.55
	0.14
	

	
	Source 10
	1.00
	0.89
	0.50
	

	
	Source 11
	0.96 
	0.55 
	0.28 
	- All links between eNB and UE are explicitly modelled by the practical physical layer signals without any abstraction into the SLS.

	8 samples
	Source 1
	1.00
	0.62
	0.28
	

	
	Source 2
	0.99
	0.61
	0.20
	

	
	Source 3
	0.97
	0.50
	0.28
	

	
	Source 5
	1.00
	0.79
	0.63
	- In SINR vs Detection probability curve, number of neighbour small cells explicitly modelled is unclear

	
	Source 7
	1.00
	0.94
	0.87
	- In SCH SINR calculation, the average correlation between PSS/SSS sequences is taken into account

	
	Source 11
	0.99 
	0.57
	0.28
	- All links between eNB and UE are explicitly modelled by the practical physical layer signals without any abstraction into the SLS.


It is observed from the evaluation results on Rel.8 mechanism that

· For the 1st best RSRP small cell, at least, almost all UEs within a cluster area can detect the best RSRP small cell by using 8 PSS/SSS samples.
· The detection probabilities can be improved to a certain extent as the number of measurement samples for PSS/SSS increases. 

· Evaluation results differ substantially depending on the evaluation methodologies.

7.2.1.2
PSS/SSS interference canceller-based mechanism

For further improvement of cell detection performance, some companies have evaluated the PSS/SSS interference canceller (SS-IC)-based cell discovery mechanism. Evaluation results on the small cell detection performance in SCE scenario 2a with dense deployment for the top three small cells are summarized in Table 7.2-2.

Table 7.2-2 Detection probability performance of SS-IC-based mechanism for the top three small cells in scenario 2a,
 dense deployment (1 cluster/macro, 10 small cells/cluster) 

	Number of measurement
 samples
 for PSS/SSS
	
	Detection probability
	Different assumptions from Annex A.4

	
	
	1st cell
	2nd cell
	3rd cell
	

	1 sample
	Source 1
	0.86
0.86*
	0.72
0.72*
	0.31
0.45*
	- 1 SS-IC
* 2 SS-IC

	
	Source 2
	1.00
	0.97
	0.62
	- 2 SS-IC

	
	Source 4
	0.99
	0.98
	0.93
	- SS-IC (multiple interferers are cancelled)

- CDF of number of detected cells is used to derive detection probabilities for top three small cells

- False alarm probability: 0.01

- Time/Frequency offsets: Zero

	2 samples
	Source 1
	0.94
0.94*
	0.89
0.89*
	0.50
0.71*
	- 1 SS-IC
* 2 SS-IC

	
	Source 2
	1.00
	0.97
	0.66
	- 2 SS-IC

	4 samples
	Source 1
	0.97
0.97*
	0.93
0.93*
	0.52
0.77*
	- 1 SS-IC
* 2 SS-IC

	
	Source 2
	1.00
	0.98
	0.78
	- 2 SS-IC

	8 samples
	Source 1
	0.99
0.99*
	0.98
0.98*
	0.62
0.84*
	- 1 SS-IC
* 2 SS-IC

	
	Source 3
	0.99 
	0.96 
	0.96 
	- 2 SS-IC

- All links between eNB and UE are explicitly modelled by the practical physical layer signals without any abstraction into the SLS.


It is observed from the evaluation results on SS-IC-based mechanism that

· The detection probabilities for the 2nd and 3rd best RSRP small cells can be improved significantly.

· For the 3rd best RSRP small cell, some results (Sources 1 and 2) show that the detection probability is significantly lower than those for the 1st and 2nd best RSRP small cells especially the case of using only 1 PSS/SSS measurement sample; another result (Source 4) shows that the detection probability is virtually the same as for the 1st and 2nd best RSRP cell.

7.2.1.3
Other RS-based mechanisms (with existing RS)

For further improvement of cell detection performance, some companies have investigated the new cell discovery mechanism based on existing RS such as PRS and CSI-RS.

Compared to PSS and SSS, PRS and CSI-RS have longer transmission periods in general. To avoid the large UE effort on the timing search, it could be considered that the eNB informs RRC_CONNECTED UE the rough timing of RSs for the small cell discovery so that the UE can detect PRS or CSI-RS without the large effort on the timing search.

Evaluation results on the small cell detection performance in SCE scenario 2a with dense deployment for the top three small cells are summarized in Table 7.2-3.
Table 7.2-3 Detection probability performance of the existing RS-based mechanisms for the top three small cells in scenario 2a,
 dense deployment (1 cluster/macro, 10 small cells/cluster) 

	Number of 
Measurement samples 
for PRS or CSI-RS
	
	Detection probability
	Different assumptions from Annex A.4

	
	
	1st cell
	2nd cell
	3rd cell
	

	1 sample
	Source 1
	1.00
	0.99
	0.98
	- 1 CSI-RS configuration of 2 antenna ports is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

- 50 RBs are used for CSI-RS

- Assuming +/- 3 microsecond search window

	
	Source 2
	1.00
	0.92
	0.72
	- PRS of 1 antenna port is transmitted from each cell

- 50 RBs are used for PRS

- Assuming +/- 3 microsecond search window

	
	Source 3
	1.00
	1.00
	0.98
	- 1 CSI-RS configuration of 1 antenna port is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

- 50 RBs are used for CSI-RS

- Frequency offset: 0 Hz

- SINR vs Detection probability curve is derived by AWGN channel

- Assuming perfect timing synchronization

	
	Source 4
	0.98
	0.97
	0.97
	- 1 CSI-RS configuration of 1 antenna port is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

-25 RBs are used for CSI-RS

- Maximum timing offset: 0.1 CP

- Maximum frequency offset: 1.875 kHz

- Assuming +/- 0.1 CP search window

	
	Source 5
	0.99
	0.87
	0.75
	- PRS of 1 antenna port is transmitted from each cell

- 25 RBs are used for PRS

- Maximum timing offset: 0.1 CP

- Maximum frequency offset: 1.875 kHz

- Assuming +/- 0.1 CP search window

	
	Source 6
	0.99
	0.98
	0.96
	- 1 CSI-RS configuration of 1 antenna port is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

- 50 RBs are used for CSI-RS

- Time/Frequency offsets: Zero

- Assuming perfect timing synchronization

	
	Source 7
	0.78
	0.47
	0.38
	- PRS of 1 antenna port is transmitted from each cell

- 6 RBs are used for PRS

- Maximum timing offset between cells: +/-3 microsecond

- Assuming +/- 5ms search window

- Cell planning is not applied

	
	Source 8
	0.06
	0
	0
	- 1 CSI-RS configuration of 1 antenna port is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

- 6 RBs are used for CSI-RS

- Assuming +/- 5ms search window

- Cell planning is applied

	3 samples
	Source 4
	0.98
	0.97
	0.96
	- 1 CSI-RS configuration of 1 antenna port is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

-25 RBs are used for CSI-RS

- Maximum timing offset: 0.1 CP

- Maximum frequency offset: 1.875 kHz

- Assuming +/- 0.1 CP search window

	
	Source 5
	0.99
	0.88
	0.75
	- PRS of 1 antenna port is transmitted from each cell

- 25 RBs are used for PRS

- Maximum timing offset: 0.1 CP

- Maximum frequency offset: 1.875 kHz

- Assuming +/- 0.1 CP search window

	4 samples
	Source 3
	1.00
	1.00
	0.99
	- 1 CSI-RS configuration of 1 antenna port is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

- Frequency offset: 0 Hz

- SINR vs Detection probability curve is derived by AWGN channel

- Assuming perfect timing synchronization

	5 samples
	Source 4
	0.98
	0.98
	0.97
	- 1 CSI-RS configuration of 1 antenna port is assigned to each cell

- For other CSI-RS configurations, ZP-CSI-RS is configured

-25 RBs are used for CSI-RS

- Maximum timing offset: 0.1 CP

- Maximum frequency offset: 1.875 kHz

- Assuming +/- 0.1 CP search window

	
	Source 5
	0.99
	0.88
	0.76
	- PRS of 1 antenna port is transmitted from each cell

- 25 RBs are used for PRS

- Maximum timing offset: 0.1 CP

- Maximum frequency offset: 1.875 kHz

- Assuming +/- 0.1 CP search window


It is observed from the evaluation results on the new mechanism based on existing RS that

· The detection probabilities for top three small cells can be improved significantly even if only 1 measurement sample is applied for the small cell discovery assuming more than 25 RBs and with +/- 3 microsecond or +/- 0.1 CP search window.
· The detection probabilities for top three small cells based on CSI-RS can approach 0 with 1 measurement sample for the small cell discovery assuming 6 RBs and with +/- 5ms search window.
· The muting mechanism such as ZP-CSI-RS can provide significant performance improvement, when the appropriate muting pattern is assigned to small cells within the same cluster assuming more than 25 RBs and with +/- 3 microsecond or +/- 0.1 CP search window.

7.2.1.4
Modified SS/RS or new discovery signal-based mechanism

For further improvement of cell detection performance, some companies have investigated the new cell discovery mechanism based on modified SS/RS or new discovery signal such as PSS/SSS muting, Companion Discovery Signal (CDS) based on the unused REs next to the existing PSS/SSS REs, and CRS with RE muting.

Evaluation results on the small cell detection performance in SCE scenario 2a with dense deployment are summarized in Table 7.2-4.
Table 7.2-4 Detection probability performance of the Modified SS/RS or new discovery signal-based mechanism in scenario 2a, dense deployment (1 cluster/macro, 10 small cells/cluster) 

	Number of measurement samples
	Source
	Detection probability
	Different assumptions from Annex A.4 / comments

	
	
	1st cell
	2nd cell
	3rd cell
	4th cell
	5th cell
	6th cell
	7th cell
	8th cell
	9th cell
	10th cell
	

	1 sample
	1 (R1-134324)
	1.00
	1.00
	1.00
	0.99
	0.99
	0.94
	0.81
	0.57
	0.31
	0.08
	· 6 cells / occasion are transmitted

· 8REs are used for CDS

	
	2 (R1-135434)
	1.00
	0.92
	0.82
	-
	-
	-
	-
	-
	-
	-
	· Antenna configuration 1TX2RX

· CRS with RE muting(100% RE muting, RU = 100%, no CRS interference cancellation applied)

· 50RBs are used for CRS

· Maximum timing offset: 0.1 CP
· Maximum frequency offset: 1.875 kHz
· Top three cells are presented in the contribution

	2 samples
	3 (R1-135109)
	0.94
	0.75
	0.72
	0.66
	0.62
	0.57
	0.52
	0.52
	0.52
	0.47
	· Antenna configuration 1TX2RX

· PSS/SSS muting

· +- 5ms search window

	4 samples
	3 (R1-135109)
	0.99
	0.84
	0.79
	0.73
	0.69
	0.63
	0.58
	0.57
	0.56
	0.52
	· Antenna configuration 1TX2RX

· PSS/SSS muting

· +- 5ms search window

	
	4 (R1-135351)
	1.00
	1.00
	0.99
	0.95
	0.91
	0.90
	0.86
	0.81
	0.75
	0.68
	· 10 cells / occasion are transmitted

· 8REs are used for CDS

	8 samples
	3 (R1-135109)
	1.00
	0.87
	0.84
	0.78
	0.76
	0.72
	0.67
	0.67
	0.65
	0.61
	· Antenna configuration 1TX2RX

· PSS/SSS muting

· +- 5ms search window


It is observed from the evaluation results on modified SS/RS or new discovery signal-based mechanism that

· The detection probabilities for top 10 small cells can be improved significantly compared to Rel-8 mechanism assuming +- 5ms search window.
· CRS with RE muting provides at least 80% cell detection rate with single sample for top-3 strongest small cells no matter how much the resource utilization rate of the small cell layer is and CRS interference cancellation technique can be applied jointly to further enhance the performance of cell detection.
· The CDS can provide significant performance improvements. The detection probabilities for the top 6 cells are over 90% even if only one measurement sample is applied. 
7.2.1.5
Evaluation on opportunistic activation and deactivation of small cells based on UL signals
The existing UL signals are utilized as the discovery signal by the dormant cell to detect proximity of active UEs.  The candidate UL signals could be a random access preamble, UL SRS, or PUCCH.  UL transmissions can be utilized to trigger a cell to transition from a dormant state to start transmission of DL-SS/RS. This method is fully backward compatible since signals from any UE can be detected and used to trigger small cell wake-up. 

If SRS SINR threshold is set to be 10dB (this would be a worst case; typically it could be much lower), there are 80% UEs detected by the 1st strongest neighbouring cell, 60% UEs detected by the 2nd strongest neighbouring cell and 40% UEs detected by the 3rd strongest neighbouring cell.  Thus the activation performance based on UL SRS can be very attractive compared to downlink-based discovery schemes, and is also applicable to all UEs from Release 8 onwards
7.2.1.6
Evaluation on energy-efficient inter-frequency small cell discovery

It is identified that energy-efficient inter-frequency small cell discovery is required, especially in the case that the number of inter-frequency measurement carriers is increased to more than three. Multiple factors may influence the energy-efficiency of inter-frequency small cell discovery, for example:

· the number of processing samples required to achieve accurate detection,  

· the number of processing samples required to achieve accurate measurements,

· the energy required per sample, e.g. due to discovery and measurement signal processing complexity, and the energy cost of carrier switching,

· the degree of network synchronization and assistance, e.g. timing information, and

· whether or not a UE can discover the presence of inter-frequency cells without performing inter-frequency measurements, e.g. by detecting a small cell discovery signal on a coverage carrier (section 7.2.2.5).
In terms of the number of samples required for accurate detection of small cells, the following is observed from the evaluation results in Tables 7.2-1, 7.2-2, 7.2-3 and 7.2-4.
· Observation #1: Although the legacy Rel-8 mechanism can achieve accurate detection of the strongest small cell for a large portion of UEs within a cluster area, the remaining UEs within a cluster area need multiple samples for detection of the strongest small cell under the given simulation assumptions.
· Observation #2: Both the SS-IC-based mechanism and the new mechanisms based on the existing SS/RS, modified SS/RS or new discovery signal can achieve better detection performance than that for the legacy Rel-8 mechanism, and almost all UEs within a cluster area can detect the strongest small cell using 1 sample in these mechanisms under the given simulation assumptions.
Regarding network synchronization and assistance, the following can be observed.

· Observation #3: Performance improvements from the SS-IC-based mechanism and the new mechanisms based on existing SS/RS are based on the assumption of network synchronization on the small cell layer. In these mechanisms, it is assumed that the UE can obtain the timing of the synchronized transmission of the SS/RS in the small cell layer by the legacy mechanism for synchronization. Additionally, the network can provide assistance information, e.g. so that the search window size for inter-frequency measurement of each carrier can be shortened.
· Note that there could be the factors which cannot be provided by assistance information – e.g. the received timing difference comprising propagation delay, initial transmission timing error, uncertainty of the reception time in the UE downlink, and eNB time alignment error between MeNB and SeNB even assuming perfect network synchronization and ideal backhaul.
· Observation #4: If the small cells transmit discovery signals on the macro cell carrier, the macro UE inter-frequency measurements on the small cell layer(s) can be turned off while the UE is outside small cell coverage. This can significantly reduce the UE power consumption from inter-frequency measurements.
7.2.2
Enhancements of small cell discovery

The following enhancements have been studied for achieving the benefits for the small cell discovery.
7.2.2.1
PSS/SSS interference cancellation
UE PSS/SSS IC can be utilized to enhance the performance of small cell discovery, i.e., more small cells can be detected by removing the effects of interference. It may not require a new standardised procedure and can be achieved by defining new UE performance requirements.
7.2.2.2
Burst transmission of DL-SS/RS

If small cell on/off mechanisms are supported (cf subclause 7.1.1), a small cell in dormant state or DTX state transmits a DL-SS/RS burst with low duty cycle.

· As a DL-SS/RS burst, PSS/SSS/CRS, CSI-RS, PRS, modified SS/RS or new discovery signal can be considered.

· At least, the legacy PSS/SSS/CRS can be transmitted from a small cell in active state as usual so that the legacy UE can detect and measure the active small cell.

Following benefits may be achieved by this solution.

· For the DL-based small cell on/off mechanisms, a DL-SS/RS burst with long duty cycle may be transmitted by small cells in dormant state or DTX state so that the network would be able to make a quick decision on whether to activate the eNB or not based on the measurement report from RRC_CONNECTED UEs
· A DL-SS/RS burst with long duty cycle can also provide additional help for UL-based small cell on/off mechanisms for small cells in dormant state or DTX state so that the network would be able to make a quick decision on whether to activate the eNB or not based on the measurement report from RRC_CONNECTED UEs.

· For enabling small cell on/off (e.g., in absence of macro coverage), a DL-SS/RS burst with low duty cycle may be transmitted by small cells in dormant state so that an Idle UE would be able to know the cell may be available for connection later.

7.2.2.3
Network synchronization and assistance

An eNB informs an RRC_CONNECTED UE the rough timing of the cluster so that the UE can reduce the effort on cell detection, especially in the case of synchronized transmission of SS/RS from small cells within the same cluster.
Although the synchronized transmission of SS/RS among small cells causes severe interference regardless of the amount of traffic load, it can provide several benefits as follows.

· It can minimize the search window at UE by using network assistance, i.e., rough timing information of the synchronized transmission of SS/RS, so that the UE effort on small cell discovery is reduced.

· It can maximize the detection performance gain of PSS/SSS-interference canceller, i.e., accurate cancellation based on synchronization and efficient interference mitigation among SS/RS signals.

In addition, an eNB may inform an RRC_CONNECTED UE the PCI-like information and/or RS configuration information of candidate small cells in addition to the timing information so that the UE can effectively detect SS/RS of multiple small cells at the same time. This type of network assistance can also be applied on top of the current cell detection mechanisms (i.e. PSS/SSS).
7.2.2.4
New discovery mechanism

Following potential solutions to enhance the cell detection performance can be considered if enhancement of cell detection performance is necessary.

· Solution 1: Existing RS-based detection
· Small cells at least within the same cluster transmit legacy PRS or CSI-RS with a coordination to avoid the collision between selected configurations.
· Different nodes may need to inform each other about the selected configuration of PRS or CSI-RS.
· If small cell on/off mechanisms are supported (cf subclause 7.1.1), small cells in active/dormant state transmit legacy PRS or CSI-RS burst with low duty cycle in addition to PSS/SSS/CRS in active state. Both active/dormant small cells within the same cluster synchronously transmit PRS or CSI-RS burst.
· For this solution, a modification of any RS may not be necessary. New detection and measurement mechanisms based on PRS or CSI-RS should be specified. New measurement mechanisms may require RE muting pattern modifications.
· Solution 2: Modified SS/RS or new discovery signal-based detection
· The eNB may inform an RRC_CONNECTED UE the configuration information of modified SS/RS or discovery signal in addition to the timing information so that the UE can effectively detect modified SS/RS or discovery signal of multiple small cells at the same time.
· If small cell on/off mechanisms are supported (cf subclause 7.1.1), small cells in active/dormant state transmit modified SS/RS or new discovery signal with low density allocation of time/frequency resource in addition to PSS/SSS/CRS in active state.
· The impact on legacy UEs, the increase of overhead, and the specification impact should be considered together with the achievable gain of this solution.
· The impact on idle UEs in terms of cell detection and related power consumption would need further investigations.
· Potential approaches include PSS/SSS muting, PSS/SSS sharing, double PSS/SSS, resource extension/densification, using the unused REs next to the legacy SS/RS, RE muting, and new discovery signal design.
Following benefits may be achieved by these solutions.

· Allowing for robust detection/measurement performance even with synchronized transmission of DL-SS/RS within a single subframe, leading to more efficient inter-frequency measurement and robust intra-frequency mobility.

· Since these solutions potentially achieves accurate detection of many surrounding small cells, various efficient operations in the small cell layer such as load balancing/shifting, CoMP/ICIC and efficient small cell on/off can be realized.

7.2.2.5
Transmission of DL-SS/RS at specific carrier

If small cells operating at different carrier frequencies transmit DL-SS/RS at a specific carrier frequency (e.g., one of the multiple small cell carriers or the macro cell carrier), the UE effort for inter-frequency small cell discovery may be relaxed.
7.2.2.6
Relaxed RAN4 requirement

Relaxed RAN4 requirement can reduce the detection time at UE, but it increases the detectable SINR target. This solution has been discussed in RAN2 WI of Mobility enhancements in heterogeneous networks.

7.2.2.7
Specification impacts

Supporting the efficient discovery mechanism based on some or all of above solutions has the following potential specification impacts:
· A DL-SS/RS burst transmission configuration for small cell on/off, e.g., new transmission period and duration of DL-SS/RS, if small cell on/off mechanisms are supported (cf subclause 7.1.1) and if network assistance to be introduced.
· RRM measurement requirement and procedure considering the synchronized transmission of DL-SS/RSs and the network assistance (if it is introduced)
· RRM measurement requirement and procedure considering the small cell on/off operation (if it is introduced)
· Mechanism for the network assistance (if it is introduced)
· For the solution 2 in subclause 7.2.2.4, the design of DL-SS/RS for small cell discovery (if it is introduced)
· RAN4 requirement for UE SS/RS-IC (if it is introduced)
7.2.3
Necessity of PCI extension
Larger cell planning effort to avoid PCI collision and PCI confusion in dense deployments is seen as a potential motivation to enhance the small cell discovery mechanism.
Evaluation results regarding the PCI collision problem are summarized in Table 7.2-4.

Table 7.2-4 Probability of PCI collision 

	
	PCI collision threshold 

(note)

	
	X=10 dB
	X=15 dB
	X=20 dB

	Source 1

(504 PCIs, 500 SCs/macro, uniform distribution)
	0.007
	0.012
	0.017

	Source 2

(504 PCIs, 40 SCs/macro in 4 clusters)
	0.006
	-
	-

	NOTE:
PCI collision is occurring if UE receives a neighbour cell DL signal with the same PCI as serving cell within X dB difference compared to the serving cell DL signal



It is observed from the evaluation results that in terms of PCI collision, assuming a completely random PCI allocation, the probability of PCI collision is less than 2%.

For PCI confusion, the existing mechanism of reading the Cell Global Identifier from SIB1 utilizing autonomous gaps is deemed sufficient. However, it was also observed that SI reading may become more frequent in dense small cell scenarios.

As a conclusion, the existing cell discovery signals are sufficient in terms of number of individually identifiable cells. However, if standardization of new discovery signals is considered necessary for other reasons, the number of individually identifiable cells may be considered in the design.

7.2.4
Summary on small cell discovery

As a conclusion, enhancement of small cell discovery would be beneficial at least when small cell on/off is supported. In addition, fast and efficient discovery of small cells provides benefits for inter-frequency measurement.

Efficient small cell discovery procedures can be achieved by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.


























































































