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1	Introduction
In this contribution we present various small cell detection performance results for Rel-12 Small Cell (SC) scenario 2a as defined in 3GPP TR 36.872. As discussed in [R1-141533], the simplest and most logical option for a discovery signal is to use PSS/SSS/CRS similarly as usual in LTE. Moreover, we assume a transmission consisting of a burst of a single subframe, containing PSS/SSS/CRS on the same resource elements as on a regular LTE carrier. Cell detection performance is evaluated, taking also into account PSS/SSS IC, as well as time misalignment of DS.
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 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. 
· Mobility is not explicitly simulated, i.e. users don’t physically move.
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Fig. 1: Example sketch of simulated environment with placement of macro and clusters of 10 SCs. 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 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.
Several simulations are run with varying random seeds to simulate detection by a total of 21000 UEs. The UEs are attempting to detect any cell in the network, but this document only presents the success rates for detection of the 1st, 2nd, 3rd, and 4th strongest cells that are estimated by the ratio of number of successes to th number of attempts (21000). The accuracy of estimation of a ratio goes down as the ratio or 1-ratio gets close to 0. In this case the latter case applies. The high number of detection attempts ensures that the confidence interval for a ratio of 99.9% is +/- 0.2%, assuming independent identical distributions (i.i.d.) of the distribution of the ratio estimate that is approximated by a normal distribution. 
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
3.1	 Performance results for full load conditions
Tables I-IV summarize the average SC detection probability for UEs in the SC clustering area. Full load conditions are assumed where all SCs transmit all the time on all resources. Hence, this corresponds to the most challenging case with full interference. 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. 
Table I: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for full load cases without PSS/SSS IC (N=0) without any RSRP gap.
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	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 full load cases with ideal PSS/SSS IC of strongest interfering cell (N=1 without any RSRP gap).
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	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 full load cases with ideal PSS/SSS IC of the two strongest interfering cells (N=2 without any RSRP gap).
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	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 full load cases with ideal PSS/SSS IC of the two strongest interfering cells (N=3 without any RSRP gap).
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	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%




Fig. 3 shows the cumulative distribution function (cdf) of UE received RSRP power difference from SCs. The power differences are relative to the strongest received SC. The figure shows statistics for all curves (black) and for cells being detected in 1 PSS/SSS frame (red). The latter has higher values, since the statistic is conditioned on detection. Cells with low RSRP, i.e. high difference to strongest, have lower probability of detection, which means that samples with high difference are less likely to be included. 
Consider for example the 3 strongest cells. Fig. 3 shows that the difference from 1st to 3rd strongest cell has a median of 18 dB, and 95%-tile of 35 dB. When taking into account the cells that are detected these values decrease to 9 dB and 18 dB respectively.
However, as has been discussed in the prior RAN1 meetings during the Small Cell Enhancements SI and the following WI, it cannot be assumed that the network would benefit from the UE being able to detect very weak cells. Therefore, the cell detection probabilities should be conditioned on the RSRP compared to the strongest cell, i.e. RSRP gap. Tables V and VI show the detection probabilities achieved when only considering cells with RSRP no more than 15dB below the strongest cell. Subject to this condition the detection probabilities increase significantly. It can be seen e.g. from Table VI that the UE is able to detect even the 4th strongest cell with more than 90 % probability when interference cancelling is applied. Furthermore, it can be seen that if e.g. small cell on/off is not applied at all, the UE can by averaging over 8 PSS/SSS samples detect four cells with nearly 90 % probability even without utilizing PSS/SSS IC. 
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Fig. 3: Cumulative distribution function of the UE received power difference from SCs. The power differences are relative to the strongest received SC cell. The black and red curves show statistics for all cells and cells detected in 1 PSS/SSS frame respectively.

Table V: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for a partially load network, without PSS/SSS IC (N=0), and with 15dB RSRP gap.
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	10 SCs per cluster
	1 PSS/SSS subframe
	~100%
	77.8%
	45.8%
	25.6%

	
	8 PSS/SSS subframe
	~100%
	~100%
	99.5%
	89.6%



Table VI: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for a partially load network, with PSS/SSS IC (N=1), with 15dB RSRP gap.
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	10 SCs per cluster
	1 PSS/SSS subframe
	~100%
	~100%
	98.6%
	91.3%

	
	8 PSS/SSS subframe
	~100%
	~100%
	~99.3%
	98.2%




3.2 	Performance results for partially loaded network
This section considers the average Small Cell detection probabilities for a partially loaded network where some of the Small Cells are transmitting on all resources all the time, while the remaining SCs are in dormant mode. The PSS/SSS transmission from the SCs is dormant are distributed in time-domain evenly over a number of subframes to minimize the likelihood of transmissions colliding from SCs in the same cluster. The transmission times are assigned randomly, which means that interference could possibly be lowered by maximizing the minimum (and average) distances between cells that transmit simultaneously. The principle is depicted in Figure 4. 
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Fig. 4: Time misalignment of Discovery Signals from dormant cells.

3.2.1	 50% dormant cells with DS distributed over 5 subframes

Table VII summarizes the average SC detection probabilities for a network, where transmissions from 50% of SCs are dormant and transmissions distributed over 5 subframes. 50% of the cells are transmitting on all subframes, since we assume full PDSCH load for those cells, and 50% of the dormant cells transmit only in one of the 5 subframes, which means that when detecting a cell there is interference from 50% of the total number of cells. Possible interference from cells in a neighboring SC cluster is included. This misalignment of DS transmissions shows a significant increase in the detection probability. 
The division of transmissions in two orthogonal groups does on average eliminate half of the stronger interferers that are divided on the two groups. This explains that the gain when interfered by 50% of cells is already higher than cancelling the 3 strongest interferers. The division on two groups avoids half of the interference, whereas the elimination of the 3 strongest of 10 interferers does not achieve the same with the dense deployment of cells. Note that there may be a few strongest interferers, but also cases where more less strong interferers add up to same level as the strongest. Say that such a group consists of 4 interferers, then the division halving of the interference is similar to cancelling two interferers.   
One way to look at this is that the coordination in two groups is similar to making twice the number of cells available for detection at same level of interference. When comparing tables I and V we observe that the coordination has indeed increased the detection probabilities for the 4th cell to values similar to the ones achieved for the 2nd cell without coordination, and the values for the 2nd cell with coordination are similar to the values for 1st cell without coordination.

Table VII: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for a partially load network with 5 subframe coordination and with PSS/SSS IC (N=1), with 15dB RSRP gap.
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	10 SCs per cluster
	1 PSS/SSS subframe
	~100%
	~100%
	99.8%
	97.7%



Table VII shows that when applying interference cancelation on top of the coordination, already at N=1 all percentages are higher than 95%. For cancelation of more than one interferer all percentages are above 99.9%.

Fig. 4 is same as Fig. 3, only the statistics for a 50% load are shown as the green curves. Compared to the full load, red curves, the distributions have moved towards the unconditional distributions. This is due to the increased likelihood of detection, which means that more cells with low RSRP, are included. Now the difference from 1st to 3rd strongest cell has a median of 14 dB, and a 95%-tile of 33 dB. 
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Fig. 4: Cumulative distribution function of the UE received power difference from SCs. The power differences are relative to the strongest received SC cell. The black, red, and green curves show statistics for all cells, cells detected at 100% load, and cells detected at 50% load.

3.2.2 	50% dormant cells with DS distributed over 3 or 2 subframes
Distributing the transmission of DS over 5 subframes may not be practical in all scenarios.  Therefore we also consider the case of distribution over 3 and 2 subframes.
Table VIII shows the detection performance results obtained for distribution over 3 subframes setup. In addition to the 10 small cells in the cluster, interference from cells in other clusters is also included.

Table VIII: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for a partially load network with 3 subframe coordination and with PSS/SSS IC (N=1), with 15dB RSRP gap.
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	10 SCs per cluster
	1 PSS/SSS subframe
	~100%
	~100%
	99.2%
	96.7%



Additionally, we also consider the case of coordination on 2 subframes. Table IX shows the detection performance results obtained for this setup.

Table IX: SC detection probabilities for strongest received SC, second strongest received SC, and so forth for a partially load network with 2 subframe coordination and with PSS/SSS IC (N=1), with 15dB RSRP gap.
	
	
	1st cell 
	2nd cell 
	3rd cell 
	4th  cell

	10 SCs per cluster
	1 PSS/SSS subframe
	~100%
	~100%
	98.4%
	94.0%




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: Assuming 15 dB RSRP gap and PSS/SSS IC, the cell detection probability for the 3rd strongest cell is well above 90 %.
Observation: Time misalignment of discovery signals for OFF cells improves detection probability even further. 
As a conclusion we propose:
Proposal: Discovery signal comprises at least PSS/SSS and CRS
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