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1
Introduction
In this contribution we first present various small cell detection performance results for Rel-12 Small Cell (SC) scenario 2a as defined in 3GPP TR 36.872. In line with agreements in [1], we focus on presenting small cell detection statistics for UEs that are located in the small cell cluster area, assuming current design of PSS/SSS and CRS for cases where all cells have time synchronized transmission. Cases with/without UE interference cancellation (IC) of PSS/SSS are presented. Simulation assumptions are summarized in Section 2, with results presented in Section 3. Concluding remarks are presented in Section 4.
2
Simulation methodology and assumption
Rel-12 small cell (SC) scenario 2a is simulated following definitions in 3GPP TR 36.872, as well as agreements from [1]. The main assumptions are summarized as follows:
· Macro @ 2 GHz and SC @ 3.5 GHz with clustered SC deployment.

· Outdoor SCs – focus is on n cases with one SC cluster per macro-cell, having either 4 or 10 SCs. Fig. 1 pictures example with placement of macro and SC eNBs.
· ITU path loss models (NLOS and LOS models). Channel profile is EPA
· 2/3 of users are placed in the SC cluster area. 

· 80% of UEs are indoor. 
· Time synchronized cells, i.e. transmission of PSS/SSS collide between cells. 
· Fully loaded system (full buffer traffic).

· Mobility is not explicitly simulated, i.e. users don’t physically move
· It is assume in these simulations that all small cells are on, i.e. transmitting always PSS/SSS and CRS according to current LTE design.
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Fig. 1: Example sketch of simulated environment with placement of macro and clustered SCs for 4 and 10 SCs per cluster. Blue dot: macro. Red dot: SC. Green circle: SC cluster area boundary.
For each simulation run, the SC detection statistics is extracted for the 2/3 of UEs that are placed in the SC cluster area. The SC detection is determined by the RSRP (RSRP must be above -127 dBm) and PSS/SSS SINR. Such results are obtained from link level simulations. Fig. 2 shows the joint PSS & SSS detection probability versus the PSS/SSS SINR. Curves are shown for case with cell detection in 1 PSS/SSS subframe, as well as for case with 8 PSS/SSS subframe attempts for achieving synchronization. The results are for the EPA channel profile, and in line with assumptions in [1]. Thus, taking into account that UE needs to first correctly decode PSS, followed by successful decoding of SSS, subject to RSRP above -127 dBm.
The effect of UE PSS/SSS IC is modelled in a simplified manner based on the following approach:

· It assumed that the UE is able to ideally cancel the PSS/SSS interference from the strongest N interfering cells, given that those are detectable.
· Thus, N=0 corresponds to the case without PSS/SSS IC.
· In line with previous Rel-11 UE feICIC studies, we consider values of N=1, 2, or 3 for cases with UE PSS/SSS IC.
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Fig. 2: Joint PSS/SSS detection probability versus UE experienced SINR (obtained from link simulations).

3
System-Level Small Cell Detection Statistics
Tables I-IV summarize the average SC detection probability for UEs in the SC clustering area. The reported results in Table I are in the same format as those presented in [1]. Note that these results are without PSS/SSS neighbour cell interference cancelation. As expected the detection probability slightly declines for the weaker cells (i.e. lower for 4th cell as compared to 1st cell), and is better for 8 PSS/SSS subframes case as compared to 1 PSS/SSS subframe case. 
When comparing the detection probability for 4 and 10 SCs per cluster for N=0, there are multiple effects: 
· The total interference is lower for low number SCs which results in higher SINR, and therefore increases the detection probability for case with 4 SCs per cluster (as compared to case with 10 SCs per cluster). 
· The number of detected SCs increases with the number of SC per cluster because the probability of a UE being close to several SCs is higher. 
· With fewer SCs distributed over the same cluster area the mean distance to the few SCs increases, and received signal is lower, which tends to lower the detection probability.  
Table I: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for cases without PSS/SSS IC (N=0).

	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	4 SCs per cluster
	1 PSS/SSS subframe
	99.2%
	53%
	19%
	4.6%

	
	8 PSS/SSS subframe
	100%
	82%
	52%
	23%

	10 SCs per cluster
	1 PSS/SSS subframe
	99.6%
	55%
	21%
	7.8%

	
	8 PSS/SSS subframe
	100%
	79%
	63%
	32%


Table II: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for cases with ideal PSS/SSS IC of strongest interfering cell (N=1).

	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	4 SCs per cluster
	1 PSS/SSS subframe
	99.2%
	82.6%
	27.2%
	5.8%

	
	8 PSS/SSS subframe
	100.0%
	99.2%
	53.0%
	24.9%

	10 SCs per cluster
	1 PSS/SSS subframe
	99.6%
	83.5%
	34.0%
	9.1%

	
	8 PSS/SSS subframe
	100.0%
	98.9%
	67.1%
	33.9%


Table III: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for cases with ideal PSS/SSS IC of the two strongest interfering cells (N=2).
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	4 SCs per cluster
	1 PSS/SSS subframe
	99.2%
	82.6%
	38.8%
	9.1%

	
	8 PSS/SSS subframe
	100.0%
	99.2%
	55.8%
	26.8%

	10 SCs per cluster
	1 PSS/SSS subframe
	99.6%
	83.5%
	43.4%
	10.5%

	
	8 PSS/SSS subframe
	100.0%
	98.9%
	69.1%
	34.8%


Table IV: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for cases with ideal PSS/SSS IC of the two strongest interfering cells (N=3).

	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	4 SCs per cluster
	1 PSS/SSS subframe
	99.2%
	82.6%
	38.8%
	10.0%

	
	8 PSS/SSS subframe
	100.0%
	99.2%
	55.8%
	35.6%

	10 SCs per cluster
	1 PSS/SSS subframe
	99.6%
	83.5%
	43.4%
	14.6%

	
	8 PSS/SSS subframe
	100.0%
	98.9%
	69.1%
	37.2%


Figs. 3 and 4 shows further comparion of the small cell detection probabilities with/without PSS/SSS IC. The UE PSS/SSS IC clearly increases the detection probability. Close to 100% detection of the second cell is reached for N=1 and 8 subframe, and for N=2 and 1 subframe. The gains for 3rd and 4th cells are also significant, but the gains decline both with increasing number of cancelled interferers and with the number of discovered cells. 
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Fig. 3: Overview of cell detection probabilities for 4 small cells per cluster.
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Fig. 4: Overview of small cell detection probabilities for 10 small cells per cluster.
It is worth noticing that maximizing the number of detected SCs is not necessarily the overall objective. What is important from an offloading performance perspective is that a UE detects the SC when this is available in order to enable the offloading, such that the probability of not being able to offload the UE when the SC would otherwise be present is minimized. The same applies also to the intended macro to SC offloading. Thus, in principle, detecting one SC is sufficient. However, as the UEs movement trajectory often is irregular it may change direction and move towards different SCs, it may be useful to have the UE detect multiple nearby SCs. Detecting multiple SCs may potentially provide more opportunities for SC load balancing actions. 
Observation #1: The results clearly indicate that the number of detected cells using the current cell detection mechanisms (i.e. PSS/SSS) seems sufficient to enable proper small cell offloading and inter-small cell load balancing. Therefore, small cell detection enhancements are not strictly needed from macro offloading and small cell load balancing perspective.

Observation #2: Applying UE PSS/SSS IC helps further improve the small cell detection performance, and could therefore be considered as a possible enhancement. UE PSS/SSS IC have the advantage of being fully backward compatible as no changes to the current LTE design of PSS/SSS and CRS are needed for this option.

Note that SC mobility performance is currently studied in RAN2 as part of the Rel-12 SI on SC enhancements – higher layer aspects. Several conclusions on SC mobility are already captured in 3GPP TR 36.842.  Furthermore, energy efficient SC discovery is also addressed in RAN2 and RAN4 as part of the Rel-12 WI on HetNet mobility improvements for LTE (see more details in R2-131897 and R2-132439, as well as in R4-134275).
4
Conclusion
In this contribution we have presented SC detection statistics for Rel-12 SC scenario 2a for cases where all SCs are on. SC detection statistics is presented for the 2/3 of UEs that are placed in the SC cluster. These results lead us to the following observations for UE detection of small cells that are on:
Observation #1: The results clearly indicate that the number of detected cells using the current cell detection mechanisms (i.e. PSS/SSS) seems sufficient to enable proper small cell offloading and inter-small cell load balancing. Therefore, small cell detection enhancements are not strictly needed from macro offloading and small cell load balancing perspective.
Observation #2: Applying UE PSS/SSS IC helps further improve the small cell detection performance, and could therefore be considered as a possible enhancement. UE PSS/SSS IC have the advantage of being fully backward compatible as no changes to the current LTE design of PSS/SSS and CRS are needed for this option.
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