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1. Introduction

In TR36.932 [1], scenarios for small cell enhancements are provided to improve system capacity and performance, including with/without macro coverage, sparse and dense, synchronized and unsynchronized, co-channel and non-co-channel. In 3GPP RAN1 Session #72, there is intensive discussion on simulation assumptions and the scenarios for evaluation are further simplified into Senario 1, 2a, 2b and 3 agreed in R1-130856 [2], which are explained as follows.
Scenario 1: Co-channel deployment for marcocell and outdoor small cells with macro coverage
Scenario 2a: Non-co-channel deployment for marcocell and outdoor small cells with macro coverage

Scenario 2b: Non-co-channel deployment for macrocell and indoor small cells with macro coverage

Scenario 3: Indoor small cells without macro coverage
In this document, simulation results for scenario 1 and 2a, where outdoor small cells are deployed together with the overlaid macrocells on the same or different frequency bands, are provided for discussion.
2. Simulation results
In R10/11 HetNet, the interference to an UE served by a picocell mainly comes from macro-eNB and the interference contribution from other small cells is usually neglected due to sparse deployment of picocells.  The problems have been studied thoroughly and solutions, such as eICIC/feICIC and CoMP, have been proposed to mitigate the macro-to-pico interference.  Unlike R10/11 HetNet, small cell deployment in R12 considers more dense outdoor deployment scenarios so as to offload data traffic for a hotzone area, such as uniform dense and clustered deployment of small cells.  In this case, inter-cell interference between small cells can be more severe and may not be negligible.  This section, simulation results for outdoor deployment of small cells are provided to observe possible issues when cluster deployment of small cells with medium to high density is considered.
2.1. Deployment topology
Different from previous scenario (e.g., CoMP, HetNet mobility, etc), only sparse deployments of small cells were considered with independent locations and minimal distance restrictions. However, for Rel-12, support for dense deployments may introduce new topologies. In scenario 1 and 2a, a clustered small cell deployment is used to model dense hotspot areas, each cluster is randomly dropped and small cells may be uniformly distributed within a cluster. Figure 1 below shows different topologys of unifrom and clustered small cells deployments, respectively.
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Figure 1.uniform with 50 small cells and clustered with 10 small cells per cluster * 2 clusters topology
From the perspective of small cell density, in the case of uniform with 20 small cell deployment, the small cell density per macro cell of ISD 500m is about 0.00027 small cells/m2, if 50 small cells, the density is 0.00069 small cells/m2; However, in the case of clustered method with 2 clusters and 10 small cells per cluster, the density within a cluster of 50m radius is 0.0013 small cells/ m2, which is equivalent to the small cell density with 90 small cells uniformly dropped within a macro cell. Compared with the considered small cell deployments in R10/11 HetNet, the density of small cells is significantly increased.
For the perspective of user density, the user density in the uniform case can be roughly calculated as users number (if 60 users assumed)/area of macro cell with ISD 500m, that is 0.00083 users/m2; However, in the case of clustered case, the user density can be roughly calculated as users * p_hotspot (for SCE evaluation, p_hotspot = 2/3)/ N clusters/area of cluster with 70m radius. If the 2 clusters with 10 small cells per cluster, then the user density is about 0.0013 users/m2. Considering the remaining 1/3 fraction users randomly dropped within the macro coverage, maybe also dropped within the cluster, obviously, the user density is more than 0.0013 users/m2 which is much denser than uniform case.
Observation #1: In Release 12 small cells, UEs may suffer from high interferencefor both downlink and uplink, compared to Release 10/11 HetNet, due to clustered small cell and UEs from the perspective of  the density of small cell and user distribution.
2.2. Cell association

Cell association, either with macro or small cell, has been studied for load balancing in HetNet networks. In 3GPP LTE networks, a UE is associated with a node whose signal is received with the largest average strength. Table 1 and 2 list the cell association statistics based on RSRP for intra-frequency and RSRQ for inter-frequency with 0dB CRE bias, assuming 60 UEs per macro geographical area. Figure 2 shows the cumulative and probability distribution for the user number per small cell with 0dB CRE bias. 
Table 1. Cell association statistics in SCE scenario 1 (CRE bias = 0dB)
	Clusters per Sector
	SCs per Cluster
	SCs per Sector
	Macro UE
	Macro UE Ratio
	UEs per SC
	Unused SC
	UEs per used SC

	1
	4
	4
	870
	25.44%
	11.18
	0
	11.18

	2
	4
	8
	655
	19.15%
	6.06
	2
	6.09

	1
	10
	10
	572
	16.73%
	5.00
	6
	5.05

	2
	10
	20
	438
	12.81%
	2.62
	100
	2.87

	0
	0
	20
	443
	12.95%
	2.61
	38
	2.70

	0
	0
	50
	401
	11.73%
	1.06
	1019
	1.65


Table 2. Cell association statistics in SCE scenario 2a (CRE bias = 0dB)

	Clusters per Sector
	SCs per Cluster
	SCs per Sector
	Macro UE
	Macro UE Ratio
	UEs per SC
	Unused SC
	UEs per used SC

	1
	4
	4
	995
	29.09%
	10.64
	0
	10.64

	2
	4
	8
	905
	26.46%
	5.52
	0
	5.52

	1
	10
	10
	769
	22.49%
	4.65
	8
	4.72

	2
	10
	20
	607
	17.75%
	2.47
	94
	2.69

	0
	0
	20
	618
	18.07%
	2.46
	56
	2.58

	0
	0
	50
	547
	15.99%
	1.01
	1063
	1.61


[image: image3.png]CIF

0.3

0.8

0.7

0.6

0.5

0.4

0.3

0.2

01

4 small cells*L cluster, clustersd
4 small cells*2 clusters, clustered
10 snall cells™. cluster, clustered
10 snall cells *2 clusters, clustered
50 snall cells, uniforn

10 15 2
user nunber per snall cell

=



  [image: image4.png]POF

04

— 4 smallcels* 1 dluster, lustered
—— 4 small cels*2 clusters, dustered
035 —— 10 smallcells*1 cluster, clustered
—— 10 smallcells*Z clusters, custered
—— 50 small cell, unform.
03
025
02
015
01
005,

5 i0 15
user num per small cell

20



   
Figure 2. Cumulative and probability distribution for the user number per small cell
Observation #2: The association rate to small cell is directly related to the small cell number. The denser small cells deployed; the higher association rate to them and fewer users per small cell. 
Observation #3: The denser small cells deployed; the higher rate for unused small cells with no user access to them. Under the same small cell number, higher ratio of unused small cell for clustered dropping is observed than that for the uniform dropping.
2.3. Geometry performance
To understand the interference environment UE may suffer in Scenario 1 and 2a, the geometry is provided for further analysis. Figure 3 and 4 shows the geometry for the all UEs, macro UEs and small cells UEs in Scenario 1 and 2a, respectively.
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Figure 3. Wideband SINR distriubtion with varying number of small cells in SCE scenario 1
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Figure 4. Wideband SINR distriubtion with varying number of small cells in SCE scenario 2a
For co-channel deployment of macrocell and small cells in Scenario 1, it can be observed that there is not much geometry difference between macro-UEs and small cell UEs if 4 small cells are considered in each small cell cluster.  However, there is larger geometry difference between macro-UEs and small cell UEs if 10 small cells are considered in each small cell cluster.  This implies that small cell on/off operation may be needed and benefit both types of UEs in addition to R10/11 mechanisms if the traffic loading within a macro geographical area doesn’t require all cells active. For non-co-channel deployment of macrocell and small cells in Scenario 2a, it can be observed that there is big geometry difference between macro-UEs and small cell UEs no matter 4 or 10 small cells are considered in each small cell cluster.  This implies that both small cell on/off operation and inter-cell interference avoidance may be needed to improve the interference condition on small cell layer.
Observation #4: For co-channel deployment in Scenario 1, the geometry performance of both macro-UEs and small cell UEs degrades due to the interference of a large number of interference sources. 
Observation #5: For non-co-channel deployment in Scenario 2a, the geometry performance of macro-UEs is much better than that of small cell UEs due to the different carrier frequency for macro and small cells and a large number of interference sources on small cell layer.
3. Discussion
3.1. CRE bias setting
The associate rate to small cells is directly related to different CRE bias. Figure 5 shows the cumulative and probability distribution for the number of candidate serving cells in the case of 1 cluster with 10 small cells within it. The results indicate that there can be around 30% of UEs detects more than 3 candidate serving cells when the CRE bias with 9 dB is applied for small cells. However, due to poor geometry within a hotzone, it is still unclear whether there are benefits to apply CRE bias for small cells and further evaluation is required together with the discussion of intercell interference avoidance/coordination among small cells.
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Figure 5. The accumulative and probability distribution for the number of candidate serving cells
Proposal #1: In Scenario 1 and 2a, the benefits of CRE bias for small cells are unclear yet and it requires further evaluation together with the discussion of inter-cell interference avoidance/coordination among small cells.
3.2. Interference handling
Figure 6 shows the improved geometry performance in sparse small cell deployment based on simulation assumptions same as CoMP scenario 3 for comparison with Figure 3 and 4. In SCE scenario 1 and 2a, more severe interference condition is observed, especially for small cell UEs. In R10/11 HetNet, geometry performance for small cell UEs is much better than that of macro UEs. However, in R12 small cells, a contrary result is observed no matter in Scenario 1 or 2a based on the observations in Section 2.3, especially for dense deployment of small cells. This implies that the dominant interference source becomes neighboring small cells and interference coordination between small cells is more important in R12. 
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Figure 6. Wideband SINR distriubtion in CoMP scenario 3 with configuration 4b
There are two possible ways for interference control between small cells – 1) on/off operation of small cells; 2) interference avoidance/coordination between small cells. Table 1 and 2 show that the denser cell deployed, higher rate for unused small cells with no user access to them. Therefore, instead of activate all small cells for data traffic, de-activating some of small cells and associating UEs to remaining active small cells seem more beneficial whenever the traffic loading doesn’t require all small cells active, which is proved by comparing the geometry of small cell UEs for the cases where there are 4 and 10 small cells in each cluster.

Though on/off operation of small cells helps the improvement of interference condition, small cell UEs still suffer poor SINR condition than that of macro cell UEs. Therefore, further inter-cell interference avoidance/coordination mechanisms are needed so that comparable or better performance can be achieved in R12 small cells..
Proposal #2: For Scenario 1 and 2a, mechanisms to enhance SINR condition of small cell UEs should be considered and targeted SINR condition should be comparable or better than that in Release 10/11 HetNet.
Proposal #3: For Scenario 1 and 2a, interference handling for small cells should consider both on/off operation of small cells and interference avoidance/coordination between small cells.
4. Conclusion
In this contribution, we evaluate the performance in SCE scenario 1 and 2a, where outdoor small cells are deployed together with the overlaid macro cells on the same or different frequency bands. Based on the observations of simulation results, proposals are summarized as follows: 
Proposal #1: In Scenario 1 and 2a, the benefits of CRE bias for small cells are unclear yet and it requires further evaluation together with the discussion of inter-cell interference avoidance/coordination among small cells.
Proposal #2: For Scenario 1 and 2a, mechanisms to enhance SINR condition of small cell UEs should be considered and targeted SINR condition should be comparable or better than that in Release 10/11 HetNet.
Proposal #3: For Scenario 1 and 2a, interference handling for small cells should consider both on/off operation of small cells and interference avoidance/coordination between small cells.
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Appendix:
Table 3: System simulation parameters for small cell evaluation [2]
	
	Macro
	Small Cell (SC)

	Layout 
	Hexagonal grid, 19 cell sties, 3 sectors per site 
	Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	Carrier Frequency 
	2.0 GHz 
	2.0 GHz or 3.5 GHz

	Transmission Bandwidth 
	10 MHz 
	10 MHz 

	Carrier number 
	1 or 2

	Total BS Tx Power 
	46dBm 
	30dBm (Optional: 24dBm, 37dBm) 

	# of clusters per macro area 
	1, 2,  optional of 4 

	# of small cells per cluster 
	4, 10 

	# of small cells per Macro cell 
	[4,10]*Number of clusters per macro cell geographical area

	# of UEs per macro area 
	60 per macro cell geographical area 

	UE dropping 
	1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 20% UEs are outdoor and 80% UEs are indoor. 

	Radius of small cell cluster 
	50 

	Radius of UE dropping in a cluster 
	70 

	Minimum distance 
	Small cell-small cell: 20m 

	
	Small cell-UE: 5m 

	
	Macro-small cell cluster center: 105m 

	
	Small cell cluster-small cell cluster: 2* Radius of small cell cluster 

	
	Macro cell-UE: 35m 

	Distance-dependent path loss 
	ITU UMa [Referring to  Table B.1.2.1-1 in TR 36.814[3]] 
	ITU UMi [Referring to Table B.1.2.1-1 in TR 36.814[3]] with the smallest distance extended from 10m to 5m 

	Penetration loss 
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link 
	For outdoor UEs: 0dB

For indoor UEs: 20dB+0.5din (din: independent uniform random value between [0, min(25,d)] for each link 

	Shadowing loss 
	ITU UMa according to Table A.1-1 of 36.819 [4]
	ITU UMi [Referring to  Table B.1.2.1-1 in TR 36.814[3]] 

	Antenna pattern 
	3D,  referring to TR36.819 
	2D Omni-directional 

	Antenna Height 
	25m 
	10m 

	UE antenna Height 
	1.5m 

	Antenna gain + connector loss 
	17dBi 
	5dBi 

	Antenna gain of UE 
	0dBi 

	Fast fading loss 
	ITU UMa according to Table A.1-1 of 36.819 
	ITU UMi 

	Antenna configuration 
	2Tx2Rx in DL, 1Tx2Rx in UL, Cross-polarized 

	Cell selection criteria 
	Baseline: RSRP for intra-f and RSRQ for inter-f, with cell common bias if CRE is applied. 

	UE noise figure 
	9dB 

	UE speed 
	3km/h 

	Traffic model 
	FTP Model 3: based on FTP model 2 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue

	UE receiver 
	MMSE-IRC as baseline 

	Network synchronization 
	synchronization 

	Backhaul assumptions 
	ideal 

	Performance metrics 
	Mean, 5%/50%/95% UPT at the given RU value (for example, 10% RU, 30%RU, 50% RU). 

Note: performances should be evaluated for users in all area and for users served by small cells. 


