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1
Introduction
Scenario # 2b - indoor small cell deployment on a dedicated carrier in the presence of macrocell on another carrier and Scenario #3 - indoor small cell deployment in absence of macrocells are amongst the agreed-upon scenarios for small cell enhancement study [1,2].  The dual-strip model [3,4,5,6,7,8], that complements the ITU indoor hotspot model in the evaluation methodology for Scenario #2b and #3 for small cell, is well-suited for indoor small cell studies as it can simulate effects of internal and external building walls and floor losses.  In RAN1 #72bis, additional convergence was reached [9] on modeling assumptions relating to the Dual-strip model. 
In this contribution we provide some statistics for the small cell layer of the Dual-strip deployment model. It is observed that small cell layer may provide coverage to indoor as well as a good portion of outdoor users.
2
Dual-strip model statistics for small cell layer
2.1  Coupling loss distributions
Under the Dual-strip model the small cells are dropped indoors in the 10mx10m units probabilistically and independently. For ‘Sparse’ and ‘Dense’ scenarios, the likelihood of small cell being present in a unit is 5% and 20% respectively.  Figures 1 and 2 below show the coupling loss between UEs and the small cells observed at the UE location, for indoor and outdoor UEs.  Figure 1a and 1b capture the coupling loss between indoor UEs and the strongest small cell and the second strongest small cell.  The statistics are shown for the case of 2 Dual-strip (DS) blocks per macrocell.  Note that, given that the number of floors in a Dual-strip block is random, the sampling of user locations is done uniformly over the number of floors in the simulation.
 Dual-strip model tends to provide higher isolation between cells and units than that provided under the Indoor Hotspot model.  At Sparse deployments density, under the dual-strip structure, some of the indoor UEs are found to be far from a deployed small cell and out of small cell coverage. In the Dense deployment density the coupling losses are low for indoor users as most of them find a small cell in the same building
. Outdoor users experience a higher coupling loss but with lower variance irrespective of the deployment density.
The coupling loss distribution for indoor UEs is largely unaffected by the number of Dual-strip blocks in the system.  On the other hand, the coupling loss distribution for outdoor users is affected by the number of dual-strip blocks in the system. Not unexpectedly, when DS blocks are increased, the outdoor users have higher opportunities (lower coupling loss) to get connected to a small cell, even for roughly similar number of small cells per unit area. 
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Figure 1: Coupling loss for UE to Strongest (1a, left) and Second Strongest Small Cell (1b, right) for 2 DS Block per macro.
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Figure 2 Coupling loss for Outdoor UE to Strongest (1a, left) and Second Strongest Small Cell (1b, right). The curves correspond to 1, 2 and 4 DS blocks per macro. 
2.2  Small Cell to UE interference and geometry 
Geometry or full -power C/I is a useful metric to evaluate interference. Figure 3 below captures the C/I for user classes assuming full transmit power on all small cells (20 dBm).  The max C/I is capped at 30 dB to reflect receiver imperfections.
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Figure 3: Outdoor and Indoor UE Strongest Small Cell Geometry (Full Power C/I) for 2 DS blocks/macro.
Some straightforward observations regarding indoor users are: (1) Under Sparse deployment on the small cell layer, there are areas which are coverage limited for some indoor users. On the other hand, it also gives rise to near isolated-cell situations where the indoor user experiences very high C/I conditions. (2) Under Dense deployment, indoor users experience excellent C/I although due to increased likelihood of inter-cell interference, the peak C/I values tend to be lower than those in Sparse deployment.
Outdoor user geometry is, in general, inferior to indoor users, but a noteworthy aspect is that a significant fraction of them can receive good coverage from small cells.  The C/I behaviour of outdoor users as a function of the number of DS blocks is captured in Figure 4 below. 
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Figure 4 Outdoor UE geometry for strongest small cell for 1, 2 and 4 DS blocks/macro.
It can be seen that outdoor UE geometry is largely invariant to small-cell deployment density, with some loss at high percentiles when the deployment density is increased. On the other hand, coverage, and consequently, the tail of geometry improve at higher small-cell density. Note that geometry, being a full load metric, corresponds to two different traffic conditions for Sparse and Dense deployment.  If placed under identical offered traffic load conditions, the users in the Dense deployment are expected to experience much better SINR than that predicted by geometry – due to the reduced coupling loss to the serving cell, as depicted in Figure 2. 
The nature of interference conditions seen by UEs is captured by the relative strength of the strongest cell and the interferer. Figure 5a and 5b depict the number of cells within 6 dB of the strongest small cell for different classes of users. 
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Figure 5 Number of small cells (including the strongest) within 6 dB of the strongest small cell. Figure 5a, left, is for users with geometry above -6 dB.  Figure 5b, right, is for users with geometry below -6 dB. The plots are for 2DS blocks per macro. The percentage in the legend represents the fraction of the indoor or outdoor users in that category.

The indoor and outdoor users are divided into two groups, namely UEs above and below a geometry threshold of -6 dB. This is to represent UEs in potentially relatively good and bad channel and interference conditions.  It can be seen from Figure 5a, that the indoor users in good geometry see very few strong interferers irrespective of the density. On the other hand, outdoor UEs with good geometry see more interferers. The number of interferers increases slightly with density of small cells.

Figure 5b depicts the distribution of number of small cells within 6 dB of the strongest for bad geometry users. It is evident that, in the case of indoor users, the number of interferers seen remains small.  The fraction of indoor users below -6 dB is large in sparse deployment (~23%) but that needs to be attributed to coverage limitation rather than interferers.  For bad geometry outdoor users, the low geometry can be attributed significantly to the number of interferers.  The median number of interferers for these users is 3 to 5 for sparse and dense deployments.  Also note that a significant fraction of outdoor users are in the bad geometry conditions.  
3 
Conclusions

In this contribution some basic statistics about the small cell layer in the dual-strip model deployment are provided.  An important observation is that a significant number of outdoor users are in a position to obtain good service from small cells in Scenarios #2b and #3.  These outdoor users can benefit from low loading and large cell splitting gains promised by small cells.
Proposal 1:   The experience of outdoor users should also be considered towards solutions for small cell enhancements for scenarios #2b and #3.
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Appendix 

A.1 Dual-strip Model assumptions used 
	Cases
	Path Loss (dB)

	UE to HeNB
	UE is inside the same apt Strip as HeNB


	  PL (dB) = 38.46 + 20 log10R + 0.5d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  +q*Liw  + ∆(3.5GHz)
R and d2D,indoor are in m

n is the number of penetrated floors

q is the number of walls separating apartments between UE and small cell

	
	UE is outside the apt Strip
	PL (dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.5d2D,indoor + ∆(3.5GHz)+ q*Liw + Low
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB 



	
	UE is inside a different apt Strip
	PL(dB) = max(15.3 + 37.6log10R, 38.46 + 20log10R) + 0.7d2D,indoor 

+ q*Liw + Low,1 + Low,2 + ∆(3.5GHz)
R and d2D,indoor are in m

q is the number of walls separating apartments between UE and HeNB




· n is the number of penetrated floors, q is the number of walls separating apartments between UE and small cell, Liw is the penetration loss of the wall separating apartments, which is 5dB.

· Low is the penetration loss of an outdoor wall, which is 20dB+3dB at 3.5GHz [9]. Low,1 and Low,2 are the penetration losses of outdoor walls  for the two houses.

·  ∆(3.5GHz) = 4.8 dB [9]
� The indoor UE statistics depicted correspond to UE locations in ‘real’ DS buildings. Data corresponding to the virtual indoor UEs (which are obtained as a fraction of outdoor users by adding a deterministic wall loss and a random linear loss term), is not included in this contribution. 
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