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1. Introduction

In RAN#58 meeting, the study item for small cell enhancement – physical-layer aspects [1] is agreed. It is suggested that the study objective shall focus on following areas: 
· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932 [2], 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, 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 on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· 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.

This contribution lists the general assumptions, which could refer to the existing parameters from Rel-11 SIs/WIs, and discussions points, which contain small cell specific parameters.  
2. Common System-level Evaluation Assumptions for Small Cell Enhancement 
In TR36.819 for Rel-11 CoMP SI, it lists the detailed the simulation assumptions for HetNet with Macro and small cells. We propose the system-level simulation assumptions for small cell enhancement based on that for CoMP Scenarios 3/4 as Table I below.  Please note that main differences compared to TR36.819 are coloured by yellow.
Table I. System Level Simulation Parameters for Small Cell Enhancement 

	Parameter
	Assumption

	Deployments scenarios 
	A. [Same frequency of Macro cells and small cells 
· Reuse the assumptions from scenario 3/4 in Rel-11 CoMP SI, unless otherwise stated in this table.]
B. [Separate frequency of Macro cells and small cells 
B1: Co-exist Macro cells and small cells
· Reuse the assumptions from scenario 3/4 in Rel-11 CoMP SI, unless otherwise stated in this table.  
· UEs could connect to both Macro cells and small cells.  
B2: Standalone of small cells
· Reuse the assumptions from scenario 3/4 in Rel-11 CoMP SI, unless otherwise stated in this table.  
· Macro turn off 
· UEs could only connect to small cells.]
Note: Above deployment scenarios are tentative one, and further discussions are needed in RAN1 #72 meeting to decide deployment scenarios of small cell enhancement.

	Central frequency and bandwidth 
	For scenario A, for macro cells and small cells
· 2GHz with [20 or 10] MHz bandwidth
For scenario B,

· Option1: Macro cells for 2GHz, small cells for 3.5GHz 
· Bandwidth of 3.5 GHz is [100 MHz with multiple CCs] 

· Option2: Macro cells for 2GHz, small cells for 2.6GHz 

· Bandwidth of 2.6 GHz is [40 MHz with 2 CCs] 

· Option3: Other frequency 

	Total Transmission power (Ptotal) for small cell
	Ourdoor small cell: [30 dBm and 37 dBm in 20MHz carrier, with higher priority for 30 dBm, FFS for dense small cell deployment scenario]
Indoor small cell: 24 dBm in 20MHz carrier

	Simulation case    
	Pathloss and channel model
· ITU UMa for UE to Macro with 2 GHz central frequency
· ITU UMi for UE to small cell with 2 GHz/2.6 GHz/3.5 GHz central frequency of different scenario
· For path loss (PL), following equation should be assumed considering the change of the minimum distance parameter
· Max(ITU PL, 20log10(4rfc/C)), r=√(d^2+(hb-hm)^2)
(d: 2-dimentional distance between Macro (Small)-cell and UE (m), hb: Macro (Small)-cell antenna hight (m), hm: UE antenna hight (m), fc: carrier frequency (Hz), C: light speed (m/s))

	Small cell deployment 
	Small cell deployment and density 
· Macro ISD 500m.
· Uniformly and random distributed small cells per macro cell coverage.
· Number of small cells per macro coverage, N, N = [4, 10, 20, 50, 100].  

Note: N > 10 should be considered to model dense small cell deployment scenarios
· Minimum distance 
· Macro – small cell: 

· Scenario A: > 75m

· Scenario B: > 35m
· Macro – UE : >35m 
· Small cell – small cell: > 20m (enable N=100, refer Table II ) 
· Small cell – UE : > 5m 
Note: Minimum distance between small cell and UE should be reduced from 10 to 5 to enable UE could be deployed in close (20 m distance) small cell deployment.

	UE distribution and traffic model 
	Full buffer 
· UE number per macro coverage, M 
· [M = X1 for even macro cell, X2 for odd macro cell, when N <= 20]
· [M = Y1 for even macro cell, Y2 for odd macro cell, when N =50] Note: Values of X1, X2, Y1, and Y2 should be discussed considering the dense small cell deployment scenarios and non-uniform UE distribution
(different traffic between macro cells) 
Non-full buffer 

· FTP model 1 of TR36.814 as baseline 
· Possible range of file arriving rate (λ) shall cover both low and high load cases. 
· Different arriving rate between cells
· Multi-group of macro cell. Each group has the same arriving rate. 

· Two group Macro cells sorted by cell ID (even and odd) . 

· Arriving rate of one group is λ , the other group is 2λ
Note: Different arriving rate should be considered to model non-uniform traffic
UE distribution 
(different traffic between small cells)

· Option1: 
· HetNet config. 4b as baseline 
· Different UE number/ratio between small cells inside a macro cell. 
· [Two group small cells sorted by cell ID] 

· [Total UE percentage for two group smallcells is P, one group has 2P/3 percentage of UEs, other group has P/3 percentage of UEs]
· Option2: 
· HetNet config. 4b as baseline 
· Clustered UE
· [Similar as 4b, only the difference generate X clustered UEs at one time]
· [The cluster is a circle with radius of  20 m and X UEs randomly inside] 

· [X= [2, 4]. The larger of X, the higher level of non-uniform of the traffic]

	Antenna configuration  
	For macro cell, in priority order for each number of antennas:

· 2 Tx antennas

1. 1 column, cross-polarized: X

2. 2 columns, closely-spaced vertically-polarized: | |

· 4 Tx antennas

1. 2 columns, cross-polarized on each column, closely-spaced: X X

2. 2 columns, cross-polarized on each column, widely-spaced: X     X 

3. 4 columns, vertically-polarized, closely-spaced: | | | |

· Note that, the wave length should consider the central frequency difference of different scenario. 
For low power node
· 2 Tx antennas: 

1. cross-polarized: X

2. vertically-polarized: | |
· 4 Tx antennas

1.  2 columns, cross-polarized on each column, closely-spaced: X X

2.  2 columns, cross-polarized on each column, widely-spaced: X     X 

3.  4 columns, vertically-polarized, closely-spaced: | | | |
· Note that, the wave length should consider the central frequency difference of different scenario.

	256QAM
	For link level parameters for 256 QAM

· Refer Table III below. 
For the 256 QAM evaluation in system level evaluation should focus on some of scenario and parameters to confirm the gain 

· Possible transmission scheme 

· SU-MIMO 

· UE receiver 

· MMSE 

· EVM 

· 22, 25, and 28 dB for all modulation orders (same EVM values should be considered over different modulation orders)


Table II. Minimum Distance for Dense Small Cell Deployment 
	Minimum distance 
Macro -> Small cells
	75 m for scenario A,  35 m for scenario B

	Minimum distance 
Small cell -> Small cells
	40 m
	28 m
	20 m

	Maximum number of small cells in each Macro cell (ISD 500m)
	N=25
	N=50
	N=100


3. Specific Simulation Assumptions for Different Simulation Targets 
In order to evaluate techniques for some topics such as 256QAM, efficient discovery and other mobility issues, specific simulation assumptions are necessary [3]-[6]. It is strongly urged that even in the simulation for such specific topics, those simulation should apply common assumptions with the general simulation assumptions shown in Table I as much as possible such as dense small cell deployment scenario, and so on. According to this point, we summarize specific simulation assumptions for different simulation targets as described below.
For 256 QAM evaluations, link level parameters shown in Table III should be considered [3].

Table III. Link level parameter for 256 QAM evaluations
	Channel model
	AWGN

	Channel coding
	Turbo

	Turbo decoder
	MAXLOGMAP

	Number of RBs
	50

	Modulation scheme 
	256QAM


In order to evaluate the cell identification performance of a certain efficient discovery mechanism, a (multi-cell) link level simulation would be suitable [4]. Basically, if the mechanism is evaluated in the worst case and can satisfy the requirements even in such a case, then it can satisfy requirements in all other cases. Therefore, the simulation assumptions summarized in Table IV are considered to be the worst case scenario in terms of small cell discovery, e.g. super-dense small cell deployment. Other assumptions such as synchronization between the macro cell and small cells depend on each discovery mechanism. 
Table IV. Simulation assumptions for the small cell discovery

	Parameter
	Assumption

	Scenario
	Separate frequency of macro cells and small cells

· Only small cells are demonstrated in the simulation

	Small cell deployment
	· 100 small cells are uniformly distributed in 230 m square area

· One UE is dropped at the center of the evaluation area

· Minimum distance 

· between small cells: 20 m

· between small cell and UE: 10 m

[image: image1.png][m]

-100)

B0 60 40

100





	Carrier frequency
	3.5 GHz center frequency for small cells

	System bandwidth and total transmit power of small cells
	· System bandwidth: 5 and 10 MHz

· Transmit power: 27/30 dBm for 5/10 MHz bandwidth

	Channel model
	· Path loss: ITU UMi model

· Fading: [FFS: it depends on UE speed supported by small cells]

	Antenna configuration
	2 Tx (small cell) antennas and 2 Rx (UE) antennas

	Signal format for small cells
	· CP length: normal CP

· Transmit data: random QPSK symbols except for SS and RS

	Noise
	· Noise figure at UE: 9 dB

· Noise spectral density: -174 dBm/Hz


As mentioned in [5], considering outdoor super-dense small cell deployment scenarios, the mobility among small cells is important for offloading purposes. Table V-1 presents basic radio configurations for the mobility simulation. The parameters are basically the same as those in Table 5.3.2.1 in TR 36.839 [7]. Table V-2 presents other parameters for mobility performance evaluation.
Table V-1. Parameters for basic radio configurations for the mobility simulation

	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	 

	Distance-dependent path loss 
	TR 36.814 Macro-cell model 1 [8]
	TR 36.814 Pico cell model 1 [8]

	Number of sites/sectors
	19/ 57
	4

	BS Antenna gain including Cable loss 
	15 dB
	5 dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	Correlation distance of Shadowing
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814, Table A.2.1.1-2 [8]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [8]

	Carrier Frequency / Bandwidth 
	2.0 GHz/ 10 MHz 
	2.0 GHz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30 dBm 

	Penetration Loss
	20 dB
	20 dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814.


Table V-2: Parameters for Mobility performance evaluation
	Items
	Description

	Pico cell placement
	Randomly and uniformly placed

	Cell loading
	100%

	UE speed 
	3 km/h, 30 km/h, 60 km/h 

	Channel model 
	Six-ray typical urban model

	Measurement bandwidth
	50 RBs

	L1 measurement period
	200 msec (5 samples with 40 msec interval)

	Measurement error modelling
	No measurement error

	Handover preparation (decision) delay
	50 ms 

	Handover execution time
	40 ms 


It would be sensible that Rel-12 small cells do not have to handle very high UE speed (e.g. 100 – 300 km/h) considering its small cell size. Therefore, it is desirable that NW could estimate UE speed and decide whether a UE should be assigned to a small cell carrier. One of the possible mechanisms for the UE speed detection is Fd estimation [6]. It is sensible that UE or eNB estimates Fd by using macro cell carriers. Table VI shows basic parameters for Fd estimation.
Table VI: Parameters for UE speed detection with Fd estimation

	Parameter 
	Value 

	Carrier frequency 
	2 GHz 

	Signal bandwidth 
	10 MHz 

	Channel model 
	EVA 

	UE speed 
	up to 300 km/h 

	Antenna configuration 
	1 Tx, 2 Rx 

	SNR 
	-5 dB, 0 dB 

	L1 Measurement period 
	200 msec

· Averaging   5 times measurement with 40 msec interval

	UE speed detection algorithm 
	Fd estimation using time correlation of time separated two RSs 


4. Conclusion
We propose the simulation assumptions and parameters for small cell enhancements. The simulation assumption for small cell enhancement should be based on that for CoMP scenario 3/4 and some small cell specified parameters should be discussed. In addition, for specific topics such as 256 QAM, efficient discovery and mobility, specific simulation assumptions are necessary. It is strongly urged that even in the simulation for such specific topics, those simulation should apply common assumptions with the general simulation assumptions as much as possible.
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