
3GPP TSG RAN WG1 Meeting #74
R1-133244
Barcelona, Spain, 19th – 23rd August 2013
Agenda item:

7.2.6.1.2
Source:
Renesas Mobile Europe Ltd
Title:
Simulation results on small cell discovery
Document for:

Discussion and Decision

1
Introduction

In RAN1#72bis, the following agreement for next steps was made regarding small cell discovery:
Agreement for next steps for RAN1#73:

· Metrics for evaluation: 

· UE battery consumption for discovery

· Number of supportable individually identifiable small cells

· Baseline is current number of supported PCIDs

· Identify whether the current number is sufficient

· Number of detectable cells in the chosen scenarios 

· Target FFS for each scenario (or for a given SINR)

· Target false alarm probability FFS

· Detectability as defined in 36.133 for initial evaluation

· Probability of detecting a cell as a function of distance

· Detection time (e.g. taking into account ability to support small cell DTX operation / energy consumption)

· Ability to estimate the signal strength of a small cell

· Overhead

· Impact on legacy UEs

· Begin by evaluating performance of legacy mechanism (i.e. PSS/SSS/CRS)

· If inadequacies are identified with the legacy mechanism, evaluate:

· first, approaches based on modified SS/RS

· second, approaches based on new discovery signal

· Evaluation methodology:

· Up to companies to decide between e.g.:

· Alt.1: 

· Step-0:system level simulation to model the interference profile for link level simulation

· Step-1: link level simulation to derive the performance curve (i.e., SINR – detection probability) based on the interference profile derived by the Step-0 simulation

· [FFS] Step-2: system level simulation based on LLS to SLS mapping

· Alt.2: System level evaluation including link-level signal generation and detection

· Scenario:

· Scenario 2a with dense deployment of small cells
· Baseline: 1 cluster per cell, 10 cells per cluster; other values can also be evaluated. 
· Synchronisation cases (in order of decreasing priority):

· 1: Synchronized transmission of discovery signal both within and between clusters in the same or different macro cells

· 2: Synchronized transmission of discovery signal within clusters; unsynchronized between clusters

· 3: Unsynchronized

· FFS: Level of synchronization (including timing offset between cells)

Resolve FFSs at RAN1#73.

In this contribution we provide our evaluation results in terms of number of detectable cells in SCE scenario 2a. Note that compared to our previous contribution [1], the simulations have been re-run using the assumptions agreed in [2].
2
Number of detectable cells
In RAN1#72bis, several contributions addressed the number of detectable cells with varying conclusions, see e.g. [3]

 REF _Ref355941212 \r \h 
[4]

 REF _Ref355941214 \r \h 
[5]

 REF _Ref355941216 \r \h 
[6]. Obviously, RAN1 has not yet defined a target for the number of detectable cells. As a baseline, it would seem reasonable to assume that the UE would have to detect the strongest cell along with a few neighboring cells in cell edge situations, as usual. Of course, having cells in dormant state or load balancing/shifting might call for being able to detect an increased number of cells. In [2], the target for the set of detectable cells was phrased as follows:

· Target set of detectable cells: 

· Actual target set of detectable cells per carrier frequency should be determined based on gain achievable with, such as, interference coordination and load balancing. 

In other words, cell detectability should not become a bottleneck in terms of being able to utilize interference coordination or load balancing schemes to full extent. In [7] we have evaluated which cells the UE should be able to detect to benefit of load balancing/shifting schemes in which the load balancing/shifting is done among the small cells. In summary, for these schemes it seems enough that the UE would detect cells that are within X≤3 dB power window compared to the strongest cell as in other cases there starts to be clear performance loss due to significantly weaker signal power as well as higher inter-cell interference.
We studied the number of cells that are detectable using the existing PSS/SSS –based cell search. We simulated SCE Scenario 2a with one cluster per macro and 10 small cells per cluster. We followed the Alternative 1 evaluation methodology as agreed in RAN1#72bis: From system level simulations we obtained the interference profile for 10000 UEs, comprising 10 strongest cells per UE and an interference term capturing the received power from other interfering cells as well as the thermal noise. The UEs were dropped only within the hotzones in these studies to avoid including statistics from UEs that are not necessarily even supposed to detect any small cells (being outside of hotzones). We plugged each of the measured interference profile drops in a multi-link cell search simulator (modelling cell search explicitly) and measured how many cells were detected when the UE observes the received signal for 20 ms. Synchronous network and hence synchronous transmission of PSS/SSS from all cells was assumed, and we added a uniformly distributed time offset of ±3 µs and a uniformly distributed frequency offset of ±0.1 ppm to account for synchronization imperfections and propagation delays. We simulated PSS/SSS detection both without PSS/SSS cancellation and with cancellation of PSS/SSS from two dominant interfering cells. Details of our simulation assumptions are listed in Appendix A.
Our results are shown in Figure 2 for cases where the UE observes the PSS/SSS for {5, 10, 20} ms corresponding to {1 2, 4} instances of PSS/SSS. What is seen is that most of the time the UE detects at least two cells, and with longer observation periods or with PSS/SSS cancellation, most of the time the UE detects three or more cells. 
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Figure 2. Number of detected cells in SCE scenario 2a as a function of observation period with (right figure) and without (left figure) PSS/SSS cancellation.
The previous result does not take into account the target set of cells and as such does not give the full indication of whether the number of detected cells is sufficient or not. To study this a bit further and benchmark the results better against those presented in [7], we also recorded the probability of detecting all cells that are received within a given power window of X dB, with detection times of {5, 10, 20} ms. Recall that in [7], we have evaluated load balancing/shifting techniques and concluded that these techniques are only beneficial with very small power window values, while with larger offsets we observed mainly performance degradation. Our result is shown in Figure 3. It is observed that with a 3-6 dB power window, all relevant cells are detected with a very high probability. With PSS/SSS cancellation, even all cells within a 9 dB power window can be detected with high probability. Given this result, and the results in [7], we would conclude that the existing PSS/SSS signals are sufficient for small cell detection.
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Figure 3. The probability of detecting all cells within a given power window. Results are shown with and without PSS/SSS cancellation.
3
Conclusions

In this contribution we have provided our simulation results on the number of detected cells in SCE scenario 2a. Based on our simulation results, we can make the following observations on cell detectability using the existing PSS/SSS signals:
Observations: In dense scenario 2a,

-
Most of the time the UE can detect at least 2-3 cells.
-
The probability of detecting all cells within the relevant power window is very high.
-
The number of detected cells seems sufficient.

The results in this paper would hint that current PSS/SSS signals are sufficient. Supporting dormant eNBs, if deemed necessary, could be done also by modifying the transmission period of existing PSS/SSS.
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Appendix A – Cell search simulation assumptions

	Parameter
	Value

	Simulation case
	Scenario 2a according to R1-130856. 1 cluster, 10 SCs / cluster
Only UEs within hotzones considered.

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Antenna configurations, spatial correlation
	1x2, uncorrelated

	Channel model / Doppler spread (Hz)
	EPA, 10 Hz

	Interference model
	Transmission from 10 cells modelled explicitly with RSRP extracted from system-level simulations. Other inter-cell interference and thermal noise modelled as AWGN.

	Frequency offset
	±0.1 ppm

	Time offset
	±3 µs


