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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 and in terms of number of supportable individually identifiable small cells in SCE scenario 2a.
2
Number of detectable cells
In RAN1#72bis, several contributions addressed the number of detectable cells with varying conclusions, see e.g. [1]

 REF _Ref355941212 \r \h 
[2]

 REF _Ref355941214 \r \h 
[3]

 REF _Ref355941216 \r \h 
[4]. 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 section 2.1 we study the target number of detected cells when load shifting together with cell dormancy is used, and in section 2.2 we study how many cells the UE is able to detect in the scenario of interest.
2.1
Target number of detected cells
In order to get an understanding of how many cells the UE should be able to detect when the UE can be served by a non-strongest cell in case the strongest cells are inactive/dormant, system performance was simulated in case of SCE scenario 2a with a modified cell association rule. In the considered scheme, the UE can be associated with a non-strongest active cell which is up to X={0,3,6,9} dB worse in terms of RSRP than the strongest cell in case the strongest cell is inactive / dormant. In case there are no active cells within the X dB window, the strongest cell is activated. In case a cell is dormant, in these simulations the cell is also not transmitting CRS or any other signals, i.e. interference is also reduced. We simulated 60 Mbps traffic load (FTP model 1).
We gathered statistics on which cells the UEs became associated with, in particular how many cells were in fact better than the serving cell in terms of RSRP. The result is shown in Figure 1. Clearly for such operation, it would be enough that the UE is able to detect up to 3 cells.
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Figure 1. Statistics on which strongest or non-strongest cell became selected, i.e. how many cells the UE would have to detect.
The corresponding UE throughputs are shown in Table 1. From the results it would seem that this type of cell association rule is beneficial only at very low offsets X, where as there are rather significant coverage losses with more aggressive utilization of cell dormancy. Even though there is an increase in the SINR, more UEs are served by single cells and hence the packets stay in the queue for a longer time. However, we note that we did not use any kind of interference coordination schemes that would most likely help when UEs become associated with non-strongest cells. In terms of average throughput, there is also a small gain as CRS interference is reduced in case of smaller offsets X.

Nevertheless, pretty much independently of what happens to throughput it can be concluded that for up to 6 dB load shifting it is sufficient that the UE detects 2-3 cells.

Table 1. User throughputs with the modified cell association rule taking into account eNB dormancy. The statistics are for the UEs assoaciated with small cells.
	
	5% throughput (Mbps/UE)
	Average throughput

(Mbps/UE)

	X = 0 dB (baseline)
	6.33 [0%]
	22.93 [0%]

	X = 3 dB
	6.56 [+3.6%]
	24.21 [+5.6%]

	X = 6 dB
	5.71 [-9.8%]
	23.71 [+3.4%]

	X = 9 dB
	3.88 [-38.7%]
	22.34 [-2.6%]


2.2
Number of detected cells
We also 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 (details in Appendix A) 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 40 ms. Synchronous network was assumed.
Our results are shown in Figure 2 for cases where the UE observes the PSS/SSS for {5,20,40} ms corresponding to {1,4,8} 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 the UE very often detects three or more cells. Based on the results in the previous section this would seem sufficient.
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Figure 2. Number of detected cells in SCE scenario 2a as a function of observation period.
Based on our simulations in sections 2.1 and 2.2, we can conclude on the number of detected cells the following:

Observations:
-
In dense scenario 2a, most of the time the UE can detect at least 2-3 cells.

-
The number of detected cells seems sufficient.

3
Number of supportable individually identifiable small cells 
Another issue raised in RAN1#72bis was the number of supportable individually identifiable small cells, in other words the number of physical cell IDs. Currently, the number of physical (or virtual) cell IDs is 504 (which arises from having 3 PSS sequences and 168 SSS sequences), and the physical/virtual cell ID is related to a number of physical signals and channels, for instance CSI-RS and UE-specific RS scrambling sequences. The number of cell IDs is obviously related to the required cell planning efforts which may become a concern in case of dense small cell networks. During the LTE design in Rel-8, the number of PCIs was seen to be sufficiently large to have low probability of PCI collision, even with many CSG cells deployed (see e.g. [5]). The problems related to the number of cell IDs have been typically further categorized as follows:
· PCI collision happens if two cells sharing the same physical cell ID are received within a small enough power window such that the UE can not make a difference between the two cells. Essentially, PCI collision may cause an SFN effect on all signals that are dependent on physical cell ID. Hence in addition to making two cells undistinguishable, for instance channel estimation performance may be degraded if the scrambling sequences between two cells within a certain (small) power window are the same. The assumption made during the Rel-8/9 CSG cell work was that PCI collision should never happen, and the design of the CSG cells was made with that in mind.
· PCI confusion may happen if two (/more) cells within the same eNB coverage area share the same physical cell ID. In such case the eNB may receive measurement reports from a UE but does not know to which cell the measurement reports correspond as there are multiple cells with the same PCI. This was the main problem addressed in the connected mode CSG cell mobility design, and a solution of SI reading was introduced to solve the issue in Rel-9. Of course, the problem might be more severe in case of very dense small cell network with a large number of small cells per macro, but it can be observed that unless there are close to 504 small cells within a macro cell area, the PCI confusion issue can be trivially solved by simply not using the same PCI twice.
Avoiding PCI collisions: Avoiding PCI collision by redesigning the PCI sequences would require that all signals having a dependency on the physical/virtual cell ID would need to be changed in order to relax the cell planning efforts. As this could imply rather big specification changes and effort, it seems worthwhile to first evaluate how severe the PCI collision problem might be in the small cell scenarios. 
To evaluate the likelihood of PCI collisions, simulations are needed. We have done so by simulating the small cell scenario 2a, but with the change that unlike in the agreed scenario 2a (where the maximum number of small cells per macro is only 20 (optionally 40), in which case there clearly are no PCI collision problems), we instead dropped 500 small cells uniformly within the macro area and measured the above-mentioned collision probability.  We then allocated the PCIs to the small cells completely randomly (to represent a very simple yet possible case). We also varied the number of available PCIs to small cells from 100 to 504 to see how much a restricted allocation of the existing PCI space could affect the PCI collision probability. In the simulations, PCI collision was judged to happen if a UE could receive a neighbour cell DL signal with the same PCI as serving cell with X={10,15,20} dB difference compared to the serving cell DL signal. 
NOTE 1: It can be argued that a larger power difference would no longer cause a PCI collision as the stronger cell would clearly dominate in the reception, and on the other hand such cells would not need to be detected anyway. 
NOTE 2: These evaluations are similar to the evaluations that have been carried out earlier in [5] where a X=10 dB threshold was used for determining PCI collision probability.
Our results are shown in Table 2. From these results it is very clear that the current number of PCIs is sufficient from PCI collision perspective: The probabilities for PCI collision are very low, and might be completely avoided with proper (even very simple) cell planning.

Table 2. Probability of PCI collision as function of number of PCIs allocated to small cells and X.
	
	100 PCIs
	252 PCIs
	504 PCIs

	X=10 dB
	3.2%
	1.3%
	0.7%

	X=15 dB
	5.7%
	2.3%
	1.2%

	X=20 dB
	8.2%
	3.3%
	1.7%


Solving the PCI confusion issue: PCI confusion was credited as the main problem for connected mode CSG mobility. In those studies, it was also considered that there could be many CSG cells (which were assumed, akin to the small cells) densely deployed within the macro cell area. To solve the PCI confusion problem, three solutions were considered in RAN2: PCI split for CSG cells, SI reading procedure and proximity indication. 

· PCI split for CSG cells: CSG cells could be utilizing only a subset of the PCIs, with the remaining being reserved for “normal” cells. This helps to filter the UE measurement reports so that the network can know whether the PCI being reported is a CSG cell or not.

· SI reading procedure: With this procedure, the UE is tasked to momentarily halt the connection to the serving cell and instead start reading the SIB1 of the indicated cell (i.e. PCI). Since the SIB1 contains the information about the global cell ID of the cell in question, which can be used to uniquely identify the cell, the results are then reported back to the eNB which can then solve the ambiguities regarding PCI. 

· Proximity indication: This procedure is intended to enhance the SI reading procedure so the UEs would first indicate proximity to their member CSG cells, to prune the number of SI reading requests (i.e. NW might only order SI reading if the UE had first indicated proximity to its member CSG cell).
Analyzing these, we see that the SI reading procedure already allows solving the PCI confusion fully: If the NW would know that a PCI is being duplicated in the macro cell area, it could order the UE to first read the SIB1 before determining what to do. This would also have the additional benefit that the same mechanism could be fully used for legacy UEs (of at least Rel-9). Hence, the only question is whether the existing procedure would be efficient enough or not. For that, we think further studies might be needed in RAN1.
Observations:

· Even with a completely random allocation of PCIs to the small cells, the probability of PCI collision is extremely small.

· PCI collision problem is practically non-existent in the small cell scenarios.
· SI reading procedure can in principle be used to solve the PCI confusion issue. Further studies may be required on whether this can be efficiently utilized also in the small cell scenarios of interest.

4
Conclusions

In this contribution we have provided our simulation results on the number of detected cells as well as on the number of uniquely identifiable cells in SCE scenario 2a. Based on our results we draw the following observations:
Observations:
-
On the number of detected cells:
-
In dense scenario 2a, most of the time the UE can detect at least 2-3 cells.

-
The number of detected cells seems sufficient.

-
On the number of supportable individually identifiable small cells:

-
Even with a completely random allocation of PCIs to the small cells, the probability of PCI collision is extremely small.

· PCI collision problem is practically non-existent in the small cell scenarios.

-
SI reading procedure can in principle be used to solve the PCI confusion issue. Further studies may be required on whether this can be efficiently utilized also in the small cell scenarios of interest. 

The results in this paper would hint that current PSS/SSS signals might be 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 – System simulation assumptions

	Parameter
	Value

	Simulation case
	Scenario 2a according to R1-130856. 1 cluster, 10 SCs / cluster

	Carrier frequency / system bandwidth
	2.0 GHz for macro / 3.5GHz  for pico

	Channel model and propagation
	ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	MMSE-IRC

	Channel estimation for feedback
	Realistic CSI-RS

	Channel estimation for demodulation
	Realistic DM-RS

	UE Feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 10 ms reporting interval

	Scheduler
	TD-FD: PF-PF

	Traffic model
	FTP Model 1, buffer size 0.5Mbytes

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead

DM-RS: 12RE/PRB 

CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 4 retransmission, chase combining


Appendix B – Cell search simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Antenna configurations, spatial correlation
	1x2

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

	Interference model
	AWGN

	Frequency offset
	0 Hz


