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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 the deployment of indoor small cells, scenario 2b and 3, where small cells are deployed within a building with or without the coverage of a macro cell, 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.  In addition, only outdoor deployment of picocells is considered.  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 both outdoor and indoor hotzone area, such as clustered deployment of small cells within an indoor building with or without macro coverage.  In this case, inter-cell interference between small cells can be more severe and may not be negligible.  This section, simulation results for indoor deployment of small cells are provided to observe possible issues when indoor deployment of small cells with medium to high density is considered
2.1. Deployment topology
It has been observed that most of the mobile traffic is generated in indoor environments, e.g., home or office. The percentage of such indoor mobile traffic demand is expected to be even higher (e.g., 90% of mobile traffic) in the near future. Hence, small cells deployed in the indoor environments with or without the coverage of macro cell are considered in R12 small cells. Figure 1 shows the topology of sparse and dense small cell deployment with macro coverage. 
Figure 1(a) shows the topology for sparse small cell deployment, where there are two small cells only in a building containing 16 rooms of 15m x 15m and a long hall of 120m x 20m, so the density of small cell is about 278 small cells/km2. Figure 1(b) and (c) shows the topology of dense small cell deployment, where there are 1 and 2 buildings in each macro cell and 4 small cells on each floor within the building, so the small cell density is about 556 small cells/km2. For better understanding about the distribution of UEs, the number of dropped UEs is 60 as shown in Figure 1.
Scenario 3 considers both sparse and dense small cell deployments, which correspond to 2 and 4 small cells deployed within a building with the same size as Scenario 2b without macro coverage.  Due to the lack of macro coverage, the topology is relatively simple, where there are only 2 or 4 small cells together with a number of UEs within a building.
Since both dense and sparse small cell deployments in Scenario 2b and 3 has smaller small cell density, compared to Scenario 1 and 2a, and less transmission power for each small cell (i.e. 24 dBm), it is expected that UEs will suffer from less interference among small cells.  
[image: image1.png]Y Position

018

025

025

02

015

01

01

02

02

015

01

X Position (indoor ratio = 0.0)




[image: image2.png]Y Position

008

018

025

0.25,

02

015

01

005

02

i
Macio Cell

A

<
N
Tt

+
Building <
B N

+

015 01 005 0 005
X Position (indaor ratio




[image: image3.png]¥ Position

025

02

015

01

005

008

01

018

02

025

025 02

015

01 0 005

X Position (indoor ratio = 0.8)





[image: image4.png]Y Position

+
025 : 4
02 4
015 N
P

{
$mall Céll UE
1

01 ! 5 .
i W+
005 T N > b
Macro UE A
Macro Cell % N\
+ N
0 + W
~ i
005 g

Building

-
1
+
!

+
7

~ vt
S s
i s

f Small Cell: &
L + ;R
e

- il

01

018

02

025

H ol
015 01 005 0
X Position (indaor ratio= 0.0)

01



[image: image5.png]Y Position

025

02

015

01

005

01

018

02

025

015 01 0 005 01
X Position (indoor ratio = 0.4)



[image: image6.png]025
02

¥

015

0

005

005

015

025

Wz w2 015 01 0s 0 05 01 o5 02 03
X Position (indoor rati





[image: image7.png]Y Position

sl cell vE
[
+

1
#
iy

Macrd C#Il

Magro. UE.

i
025

02

EX)

s o s
X Position {indoor raio = 0.0)

01

.




[image: image8.png]¥ Position

008

018

025

0.25]
02
015
[}

005

01

02k

1
* Building | -
/ i3 >

/_Z oty

01 005 0 005
X Position (indoor ratio = 0.4)




[image: image9.png]s tata
R

Fat
*

-

£

§

(55 NN
g

o

o

B

4

K

+

+

hr
i

&
et

=

uoIsod A

05 01 015 02 025

0
(indoor ratio = 0.8)

0z 015 01 _-005

028

X Position




(a) Sparse deployment with 1 cluster         (b) Dense deployment with 1 clusters     (c) Dense deployment with 2 clusters
Figure 1. Sparse and dense small cell deployment topology in Scenario 2b
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 the node whose signal is received with the largest average strength. However, in the simulation assumption [2], the indoor user ratio is not determined clearly. In Scenario 1 and 2a, 80% indoor UEs are assumed for all UEs no matter the UE is dropped within a cluster or not. Therefore, the results of cell association with two indoor UE ratios, 0 and 80% are compared, assuming 1 floor per building. Table 1 and 2 show the cell association results based on RSRP for intra-frequency and RSRQ for inter-frequency with 0dB CRE bias. Figure 2 shows the cumulative and probability distribution for the user number per small cell with 0dB CRE bias taking into account the different indoor ratios, e.g., 0.0, 0.4 and 0.8. 
From the results, it is observed that higher macrocell association rate when lower indoor UE ratio (e.g., 0.0) is considered.  Therefore, it should be carefully reviewed to have an agreed indoor UE ratio for the performance evaluation of Scenario 2b. 
Table 1. Cell association statistics in Scenario 2b (CRE bias = 0dB)
	SCE Scenario #2b, Total UEs = 60x57, CRE bias = 0dB,  with differnet small cell density

	Floor per building
	SCs per building
	Buildings per Sector
	SCs per Sector
	Macro UE
	MUE Ratio
	UEs per SC
	Unused SC
	UEs per used SC

	Case 1: indoor ratio = 0.0

	1
	2
	1
	2
	3307
	90.85%
	2.75
	20
	3.33

	1
	4
	1
	4
	2832
	82.81%
	2.58
	26
	2.91

	1
	4
	2
	8
	2719
	79.50%
	1.54
	120
	2.09

	Case 2: indoor ratio = 0.4

	1
	2
	1
	2
	2484
	72.63%
	8.21
	1
	8.28

	1
	4
	1
	4
	2218
	64.85%
	5.27
	3
	5.34

	1
	4
	2
	8
	2052
	60.00%
	3.00
	34
	3.24

	Case 2: indoor ratio = 0.8

	1
	2
	1
	2
	1924
	56.26%
	13.12
	0
	13.12

	1
	4
	1
	4
	1616
	47.25%
	7.91
	2
	7.98

	1
	4
	2
	8
	1390
	40.64%
	4.45
	7
	7
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Figure 2. Cumulative and probability distribution for the user number per small cell
Observation #1: The association rate to small cell is directly related to the small cell number. The more small cells within a building; the more users associated to them and the fewer users per small cell. 
Observation #2: The denser cell deployed; the higher rate for unused small cells with no user access to them.
Observation #3: Indoor user ratio impacts the cell association rate. Assuming the same small cell number, higher small cell association rate and lower unused small cell ratio are observed when higher indoor user ratio is applied.
2.3. Geometry performance
To understand the interference environment UE may suffer in Scenario 2b, the geometry is provided for further analysis. Figure 3 and Figure 4 shows the geometry performance including coupling loss and wideband SINR for all UEs, macro UEs and small cells UEs in Scenario 2b and Scenario 3, respectively.
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Figure 3. Coupling Loss and Wideband SINR distriubtion with varying number of small cells in Scenario 2b
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Figure 4. Coupling Loss and Wideband SINR distriubtion with varying number of small cells in Scenario 3
Unlike the geometry in Scenario 1 and 2a, small cell UEs have better geometry than macrocell UEs due to less small cell density and small cell transmission power, which coincides with our expectation. However, we still observe large geometry degradation when more small cells are deployed within a building. Though more small cells provide more frequency reuse and potentially better spectrum efficiency within a macro geographical area, larger interference between small cells may degrade the system throughput. Based on results in Figure 3, on/off small cell operation should be able to provide good performance when the traffic load within a macro geographical area is low to medium. For higher traffic load, more advanced interference avoidance/coordination among small cells may be needed. In Scenario 3 with dense small cells deployment, due to the interference between small cells, the geometry performance is degraded.
Observation #4: The geometry performance of macrocell UEs in Scenario 2b is comparable no matter how many small cells are deployed within a macrocell.

Observation #5: The geometry performance of small cell UEs in Scenario 2b and 3 degrades due to more interference sources from small cells when more small cells are deployed within a building.
Observation #6: The geometry performance for small cell UEs in Scenario 2b is better than or comparable to that for macrocell UEs, depending on small cell density within a building.
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 building and with 4 small cells within it. The results indicate that there are rarely 3% of UEs detecting more than 3 candidate serving cells and UEs can detect up to 7 serving cells with 6dB CRE bias. In Rel-11 CoMP, there is limitation of at most 3 configured points for dynamic point selection due to UE capability for CSI measurement/reporting, so further evaluation is required together with the discussion of inter-cell interference avoidance/coordination among small cells.
Figure 6 shows the association ratio to macro cell with varying number of small cells in Scenario 2b. The results indicate that it may be beneficial to apply CRE bias for small cells to include more UEs to be served by small cell, but the gain is not significant. Due to the RSRQ-based inter-frequency cell association with common CRE bias for small cells, it eventually causes a situation that so many UEs dropped to macro cell, so other mechanisms for cell association in additional simple RSRQ-based method should be further considered.
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Figure 5. The accumulative and probability distribution for the number of candidate serving cells
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Figure 6. The Macro UEs association ratio with with varying number of small cells in Scenario 2b

Proposal #1: In Scenario2b, CRE bias for small cells may be beneficial and detailed CRE bias value requires further evaluation together with the discussion of inter-cell interference avoidance/coordination among small cells.

3.2. Interference handling
Based on the geometry performance shown in Figure 3, it is observed that both on/off small cell operation and inter-cell interference avoidance/coordination among small cells are beneficial. The benefits of on/off small cell operation can be shown by comparing the geometry performance for the cases where there are 2 and 4 small cells deployed within the building. When the traffic load within a building is not high, some of small cells can be deactivated to reduce possible interference due to the transmission of reference signals, especially for legacy carrier type. For high traffic load, further inter-cell interference avoidance/coordination scheme may be needed so that better interference condition can be kept within small cells.
Proposal #2: For Scenario 2b and 3, 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 2b and 3, where small cells are deployed within a building with or without the coverage of a macro cell. We provide some observations and proposals as follows:
Proposal #1: In Scenario2b, CRE bias for small cells may be beneficial and detailed CRE bias value requires further evaluation together with the discussion of inter-cell interference avoidance/coordination among small cells.
Proposal #2: For Scenario 2b and 3, interference handling for small cells should consider both on/off operation of small cells and interference avoidance/coordination between small cells.
5. Reference
[1] 3GPP TR36.932 v12.0.0  (2012-12), “Scenarios and requirements for small cell enhancements for E-UTRA and E-UTRAN (Release 12),” 3GPP RAN
[2] R1-130856, “Evaluation assumptions for small cell enhancements – physical layer”, Huawei, HiSilicon, 3GPP RAN1 Session #72, St Julian’s, Malta, January 28th–February 1st, 2013
[3] 3GPP TR 36.814 v9.0.0: “Further Advancements for E-UTRA, Physical Layer Aspects”.

[4] 3GPP TR 36.819 v11.1.0: “Coordinated multi-point operation for LTE physical layer aspects”.
Appendix:
Table 2: System simulation parameters for small cell evaluation [2]
	
	Macro
	Small Cell (SC)

	Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site 
	The outdoor clusters in Sceario #2a is replaced by the ITU Indoor Hotspots uniformly random within macro geographical area. 
· Sparse: 2 small cells, the detailed parameters setting refer to InH in TR36.814 [3].
· Dense: 4 small cells per floor, 1 or 2 floors, ISD between small cells is 30m. 

	Carrier Frequency 
	2.0 GHz 
	3.5 GHz

	Transmission Bandwidth 
	10 MHz 
	10 MHz 

	Carrier number 
	1
	Sparse:  1;  Dense: 1 or 2

	Total BS Tx Power 
	46dBm 
	24dBm

	# of buildings per macro area 
	Sparse: 1;  Dense: 1, 2 

	# of small cells per building
	Sparse: 2;  Dense: 4, 8

	# of small cells per Macro cell 
	Sparse: 2;  Dense: [4, 8]*Number of buildings per macro cell geographical area

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

	UE dropping 
	2/3 of UEs are dropped within the hotzone buildings 

1/3 of UEs are dropped throughout the macro geographical area (including hotzones) 

· A UE is an indoor UE if it is located within a hotzone building 

· Additionally, a UE not located within a hotzone building is classified as an indoor UE with x% probability, where x>=0. Companies should indicate the value x when presenting the results. 

Revisit if it diverges much from 20%/80% outdoor/indoor UE splitting 

	Minimum distance (2D distance)
	Small cell-UE: 3m 

	
	Macro-building center: 100m 

	
	Building center-building center: 130m

	
	Macro cell-UE: 35m 

	Distance-dependent path loss 
	ITU UMa[referring toTable B.1.2.1-1 in TR36.814 [3]]

hUT  = 1.5 m for the outdoor UEs and indoor UEs in the first floor.  hUT  = 7.5 m for the indoor UEs in the second floor. 
3D distance between an eNB and a UE is applied
	For indoor UEs in the same building: ITU InH [referring to Table B.1.2.1-1 in TR36.814] 

For outdoor UEs and indoor UEs in another building, working assumption is ITU UMi [referring toTable B.1.2.1-1 in TR36.814]. hBS = 6m and 12m for the eNBs in the first floor and second floor respectively.  hUT = 1.5m for outdoor UEs and the first floor UEs in another building.  hUT = 7.5m for the second floor UEs in another building. 

3D distance between an eNB and a UE is applied 

	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 indoor UEs  in the same building: 0dB 

For outdoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,UE-to-eNB distance) ]  for each link)

For indoor UEs in another building: 

40 dB+0.5(din_1+ din_2) (din_1 and din_2 are independent uniform random value between[ 0, min(25,UE-to-eNB distance) ]  for each link)

Note: 20dB and 40dB here are baseline and other values are not precluded 

	Shadowing loss 
	ITU UMa according to Table A.1-1 of 36.819 [4] 
	ITU InH [referring to Table A.2.1.1.5-1 in TR36.814 [3]] 

	Antenna pattern 
	3D,  referring to TR36.819 [4]
	2D Omni-directional 

	Antenna Height 
	25m 
	6m 

	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 [4]
	For indoor UEs:ITU InH; For outdoor UEs:ITU InH NLOS  

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

	Cell selection criteria 
	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. 


