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1 Introduction

In RAN#58, the feasibility study for LTE small cell enhancement: physical layer aspects [1] was approved. A companion study item for small cell enhancement for higher layer protocol [2] was also agreed. The objectives of the small cell enhancement study item for physical layer aspects are as follows,

· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics. 

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility,for improved scheduling and feedback granularity in downlink and uplink based on existing channels and signals. 

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 

· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements,  focusing onconsidering  multi-carrier deployments in the small cell layer and, dynamic on/off switching of small cells and enhanced interference measurements.

· Mechanisms for efficient discovery of small cells and their configuration. 

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
The initial task of the study is to identify the reference system scenarios based on the requirements in [3] and to define the corresponding evaluation methodology.  Small cells, such as pico, femto, and Relay, in heterogeneous network deployments have been part of LTE-A studie, resulting in features such as eICIC and CoMP.   The evaluation methodology for small cell enhancements in Rel-12 should be based on that defined for LTE-A in [4]  with additional parameters.   This paper discusses the additional parameters for the evaluation of physical layer aspects of small cell enhancement.   
2 Reference System Scenarios for Small Cell Enhancement communication 

According to the small cell enhancement requirements [3] and objectives [1], the study should consider the following aspects,

· 
Small cell deployment with and without macro cell coverage

· Small cell deployments in  outdoor and indoor environment
· Dense and sparse small cell deployment scenairos

· Coordination between small cells and macro cell and between small cells

· Small cell deployments on a separate and the same carrier as the macro cells.  
· Interference management - taking into account existing mechanisms (e.g., CoMP, FeICIC) wherever applicable

· Synchronization mechanism for coordination – consideration of radio-interface based synchronization mechanisms
· Coordination with ideal and non-ideal backhaul assumptions 

· Backward compatibility - The ability for legacy (pre-Rel-12) UEs to benefit from small-cell enhancements should be considered.   
Figure 1 shows small cell deployment scenarios with and without macro coverage, outdoor and indoor deployments, and sparse and dense deployment.  These deployment scenarios are a combination of heterogeneous network deployments, in which sparse and dense small cells are within macro cell coverage, homogeneous network deployment, in which dense small cells are not under macro coverage, and isolated network deployment, in which sparse small cells are deployed without macro coverage.   Homogenous network and isolated network deployment scenarios were part of the LTE system design in the beginning.   Heterogeneous networks have been studied and corresponding features developed since the Rel-9 LTE-A study item.  Thus, further enhancement of small cells should start from technologies and features studied and developed in existing releases.
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Figure 1: Small Cell deployment scenarios
2.1 With and without macro coverage
Small cells were used for capacity enhancement in heterogeneous network deployment scenarios in Rel-10 and Rel-11.  Small cells in HetNet deployment scenarios look further in increasing the density of the small cells within a macro cell.  Small cells in Rel-12 HetNet deployment scenarios would not only be used for hot spot coverage in macro cells with overall capacity improvement but also as the primary cells for dense population zone coverage complemented by macro cells to provide wide area coverage.   The increasing number of small cells in HetNet deployment scenarios will boost the overall system capacity.   
Additional scenarios relevant for smalls cells are coverage holes and dense hot spot areas without macro coverage.   Using small cells to extend the coverage area is particularly suitable for environments such as deep indoor, enterprise, and apartments.   
2.2 Outdoor and indoor
Small cells can support outdoor and indoor small cell deployments. Both indoor and outdoor small cells can provide services to both indoor an outdoor UEs.   Small cells provide the desired capacity enhancements and coverage extension indoors and outdoors.    
2.3 Sparse and dense

Small cells are used for capacity improvements when the density of UEs increases and coverage extension to cover some coverage holes or isolated area.   The flexibility of small cells allows operators to deploy small cells at the desired spots, such as dense urban/indoor hotspot or indoor meeting room deep inside the building not covered by macro cell.   Thus, small cell enhancements should support both sparse and dense deployment scenarios.  Since the number of small cells might increase due to increasing demand, the solutions to enhance small cells should take into account the possible growth in density of small cells provide a smooth pth for future extension.   

2.4 Coordination in the Small Cell Enhancement

Coordination among small cells and between small cells and macro cells is important for small cell enhancement to further improve the system capacity in dense urban and hot spot environments, or indoors with macro coverage.  The benefits of coordination among cells are to improve the received signals and mitigate the interference for both control and data channels. The Rel-11 CoMP feature already enables resource and spatial coordination or joint transmission/receptions to improve the signal quality.  Interference avoidance and coordination schemes have been specified in Rel-10 non-CA based eICIC feature and Rel-11 non-CA based feICIC, EPDCH, and CoMP features for co-channel interference management of control and data channels. Coordination has been shown to be beneficial in improving system performance in both heterogeneous and homogeneous network deployments.   
However, coordination requires exchange of control signalling and data among cells, which demands an increase in the backhaul capacity.  The latency of information exchange among cells also affect the system performance for some coordination schemes.  Most coordination schemes demand synchronization among cells.  The level of synchronization requirement depends on the coordination scheme.   
2.4.1 Interference Management

Interference management is critical for small cell deployments for improving system capacity in dense urban areas, in particular in the scenarios when an area is covered by multiple layers – a macro cell and one or more small cells.  Interference avoidance and coordination schemes have been specified in Rel-10 non-CA based eICIC feature and Rel-11 non-CA based feICIC, EPDCH, and CoMP features.  The Rel-11 CoMP feature enables resource and spatial coordination or joint transmission/receptions to mitigate the co-channel interference through resource or spatial avoidance or joint processing.  The Rel-10 non-CA based eICIC feature configures ABS subframes in coordination among macro and pico cells for interference mitigation for both control and data channels.   The Rel-11 non-CA based feICIC feature achieves interference reduction through interference cancellation at the UE with network assistance of some interference resources through simple coordination.   The Rel-11 EPDCCH feature allows the network to mitigate control channel interference though coordination of EPDCCH resource among cells.     
The objective of interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements in [1]  reemphasizes the importance of interference management.  One possible way for interference coordination is to use directional antennas instead of omni-directional antenna in small cells.    
2.4.2 Resource allocation in single and multi-layer small cell deployment
The deployment of small cells should consider both single carrier and carrier aggregation with scenarios where the same or different carrier(s) are configured at the macro cell.  In [3] , the requirements for small cell enhancement consist of scenarios of single carrier or CA dedicated for small cells without co-channel deployment with macro cell, single carrier or CA for small cells with co-channel deployment with macro cell, and single carrier for small cell with co-channel deployment with one carrier of CA in macro cell.   The techniques for small cell enhancement should be applicable to some or all deployment scenarios.  The considerations of small cell enhancement should also take into account the growth of the network, where additional carrier(s) in the same band or different band may be added to small cells only, macro cells only, or both.    
2.4.3 Ideal and non-ideal backhaul
Information exchange among cells is essential for coordination among cells, including coordination between macro and small cells and between small cells.   Backhaul capacity and latency would affect the scheme and amount of information exchange and signal processing, which will have an impact on the system capacity.  Thus, both ideal backhaul (i.e., very high throughput and very low latency backhaul such as dedicated point-to-point connection using optical fiber, LOS microwave) and non-ideal backhaul (i.e., typical backhaul widely used in the market such as xDSL, NLOS microwave) should be studied. 
2.4.4 Synchronization

Coordination schemes demand different levels of synchronization.  Both synchronized and un-synchronized scenarios should be considered between small cells as well as between small cells and macro cell(s).  Some interference mitigation schemes, such as ABS configuration, CRS and PBCH interference cancellation, CoMP and EPDCCH, would require synchronized deployments.   The level of synchronization among cells in the deployment would affect the performance of interference coordination scheme.   Therefore, time synchronized deployments of small cell clusters are prioritized in the study and new means to achieve such synchronization shall be considered.

.
2.5 Backward compatibility

Small cell enhancements should also consider the possible impact and benefit on the legacy UEs, when legacy UEs and Rel-12 UEs camp on the same small cell.   In particular, in the first rollout of enhanced small cells there will be more legacy UEs than Rel-12 UEs in the system.  The benchmark for the baseline performance of small cell enhancement should be that the system performance should be at least as good as Rel-11 system performance when the system all the UEs are legacy UEs.   
3 Evaluation Methodology for Small Cell Enhancement
The evaluation methodology for small cell enhancement should use the simulation assumptions of heterogeneous network deployment scenarios in 36.814 [4] as the baseline with modifications and additions based on the reference system scenarios.  The requirements and objectives of small cell enhancement specified in [1].    [3] and   
 respectively provide guidelines in specifying the parameters in the simulation assumptions
Small cell enhancements target the increase traffic with robust traffic arrival in dense urban, dense hotspot, and indoor environments.    The consideration of small cell deployment also includes coverage extension to coverage holes in homogenous or isolated networks.   The deployment scenarios are as follows, 
· Scenario 1: with macro cell coverage

· Scenario 1A: dense indoor and outdoor deployment

· Scenario 1B: sparse indoor and outdoor deployment

· Scenario 2: without macro cell coverage

· Scenario 2A: dense indoor and outdoor deployment

· Scenario 2B: sparse indoor and outdoor deployment
The dropping of small cells and UEs in the proposed scenarios are shown in Table 1.   
	System simulation parameters assumption
	Scenarios

	
	Scenario 1A
	Scenario 1B
	Scenario 2A
	Scenario 2B

	Small cell deployment
	 10 small cells per macro cell randomly distributed; or N clusters per macro cell with 2 or 4 small cell in a cluster with total of 20 cells
	1,2,4 small cells per macro cell
	N clusters with 2 or 4 small cells in a cluster with total of 20 cells 
	N small cells 

	UE deployment
	Tables A2.1.1.2-4 and A2.1.1.2-5 in TR 36.814
	10 UE randomly distributed in each small cell

	Minimum distance
	Macro –small cell: >75m

Macro – UE : >35m

small cell – small cell: >40m

small cell – UE : >5m


	small cell – small cell: >40m
	small cell – small cell: >80m

	UE speed
	0km/h, 3km/h
	0km/h,3km/h,

30km/h (outdoors only)
	0km/h,3km/h
	0km/h,3km/h,

30km/h
(outdoors only)


Table 1: Scenarios for dropping of small cells and UEs
We can see from Table 1 that the evaluation scenarios increase the complexity in the system level simulations when the number of small cells increases, in particular in dense deployment scenarios.  The number of UEs in the system also increases proportionally as the number of small cells increases.   This will significantly increase the run time of system level simulations for a given simulation setup, e.g., 57 macro cells configuration.  Thus, it is desired to simplify the system level simulation setup in order to get a reasonable run time.   
One possible simplification is to reduce the number of macro cells, since the focus will be on the small cells.

3.1 DL Evaluation Methodology for Small Cell Enhancement 

DL system level simulation parameters for small cell deployments indoors and outdoors with or without macro cell coverage are shown in Table 2.    Macro cell simulation assumptions should be same as Table A.2.1.1-2 in [4].    Additional downlink  link level simulation parameters for the studies of higher order modulations and overhead reduction can be found in [5].
	Parameter
	Assumption

	Distance-dependent path loss from small cells to UE*1
	For small cell
Model 1:

 Macro to UE:

L= 128.1+37.6log10(R)

Small cell to UE:
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Model 2:

Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3 (Suburban):

Prob(R)=exp(-(R-0.01)/0.2)
Case 3 (Rural/ Suburban): 
Prob(R)=exp(-(R-0.01)/1.0)
Small Cell to UE:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

For indoor RRH/Hotzone, see Table 2.1.1.5-1/2

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation*2
	For outdoor RRH/Hotzone
for pathloss model 1:
10 dB

for pathloss model 2 :  ITU-R M.2135 (i.e., according to LOS, NLOS)
For indoor small cell
for path loss model 1:

(1) UE is inside a different building as the indoor small cell : 10 dB
(2) UE is outdoors: 10 dB
(3) UE is inside the same building as the indoor small cell:
a. LOS: 3dB
b. NLOS: 4dB
For path loss model 2

(1) UE is outside the same building as the indoor small cell: 10 dB
(2) UE is inside the same building as the indoor small cell: 
a. LOS: 3dB
b. NLOS: 4dB


	Shadowing correlation
	Between cells
	For outdoor small cell
0.5

For indoor small cell
0

	Penetration Loss  
	For outdoor small cell
20 dB for Case 1,3; See ITU.Eval for ITU Rural
above for both "Macro to UE" and "Small Cell to UE"
For indoor small cell, see
for path loss model 1:

(4) UE is inside a different building as the indoor small cell: 40 dB
(5) UE is outdoors; 20 dB
(6) UE is inside the same building as the indoor small cell: 0 dB
For path loss model 2

(3) UE is outside the same building as the indoor small cell: 20 dB
(4) UE is inside the same building as the indoor small cell: 0 dB


	Antenna pattern  (horizontal)
	Omni directional antenna
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	Carrier Frequency
	CF= 2GHz and 3.5 GHz for case 1 and case 3

	Channel model
	If fast fading modelling is disabled in system level simulations for relative evaluations, the impairment of frequency-selective fading channels shall be captured in the physical layer abstraction. For SIMO, the physical layer abstraction is based on TU link curves. For MIMO, the physical layer abstraction is FFS.

	UE speeds of interest
	Case 1 and Case 3: 3 km/h Rural high speed: 120 km/h for UEs served by macro, RRH, hotzone or relay nodes. 3 km/h for UEs served by femto cells.

	Total BS TX power (Ptotal)
	Case1: 24, 30 dBm – 10MHz carrier
Case3: 24, 30, 37  dBm – 10MHz carrier
(37dBm is outdoor only)

	UE power class
	23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell Interference Modelling
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	Antenna configuration
	2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports

	Antenna gain + connector loss 
	5dBi for omni antenna

7 dBi for directional antenna

	Placing of small cells and UEs
	 Table A.2.1.1.2-4 in 36.814

	Minimum distance between new node and regular nodes
	>=75m

	Minimum distance between UE and regular node
	>= 35m

	Minimum distance between UE and new node (RRH/Hotzone, Femto, Relay)
	For outdoor RRH/Hotzone
> 10m 
For indoor RRH/Hotzone
>= 3m

	Minimum distance among new nodes
	40 m

	Traffic model 
	Table 2.1.3-1 in 36.814 [4].   

	Backhaul Assumptions for coordination 
	Good to Ideal
	Non-ideal

	
	Latency: 2 ms
	Latency: 20 ms 

	
	Capacity: 100 mbps
	Capacity: 100 mbps


Table 2: DL system level simulation paraters for small cells
3.2 UL Evaluation Methodology for Small Cell Enhancement 
UL system level simulation parameters for small cells deployment indoors and outdoors with or without macro cell coverage are shown in Table 3.    Macro cell simulation assumptions should be same as Table A.2.1.1-2 in [4].    UL link level simulation parameters for the study of overhead reduction can be found in [5].
	System simulation assumptions
	Scenarios

	
	Scenario 1A
	Scenario 1B
	Scenario 2A
	Scenario 2B

	Antenna configuration
	1TX2RX or 2TX2RX

For macro cell:
Directional (3-sector), Cross-polarized: X.

For small cell:

Omni-directional, Cross-polarized: X for Case 1A/2A.

Directional, Cross-polarized: X for Case 1B/2B.
For UE:

Omni-directional, Cross-polarized: X.
Or Omni-directional, 0.5 λ-spaced vertically-polarized: ||.


	Channel Model
	Macro cell-UE:

ITU Uma and Umi

Small cell-UE:

ITU Umi for Case 1B/2B, ITU InH for Case 1A/2A
Baseline: 3GPP case 1 (Urban Macro High Spread)

	Possible transmission schemes in UL
	SIMO(1TX) or SU-MIMO(2TX)

	Receiver
	MMSE-IRC as baseline

	Traffic model
	Table 2.1.3-1 in 36.814 [4].   

	Backhaul assumptions for coordination
	Good to Ideal
	Non-ideal

	
	Latency: 2 ms
	Latency: 20 ms 

	
	Capacity: 100 mbps
	Capacity: 100 mbps


Table 3: UL System level simulation parameters
4 Conclusions

In this paper, we analyze the system behavior for small cell enhancements based on the requirements in 36.932  and objectives defined for the physical layer study in [1].   Reference model scenarios for small cell enhancement are discussed.  System simulation parameters for DL and UL small cell enhancements are proposed for the study of small cell enhancements. Since the complexity and run time of system level simulation increases as number of small cells and UEs increase, it is desired to simplify the setup of system level simulation in order to get a reasonable run time, for example by reducing the number of macro cells considered.   
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