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1. Introduction
Due to big interest in small cell enhancements, scenarios and requirements for small cell enhancements were studied and captured in TR36.932 [1].

In RAN#58 meeting, SID on Small Cell Enhancements in physical layer aspects was approved [4].  Study areas captured in the SID can be summarized as follows:

· Define the channel characteristics of the small cell deployments and the UE mobility scenarios, 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. 
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters.

· 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.

In this contribution, we discuss the first study area in the perspective of evaluation assumptions and methodology for small cell enhancements.  

2. Evaluation scenarios and assumptions 
According to [1], small cell enhancement should target scenarios considering the following perspectives:
· with and without macro coverage

· outdoor and indoor small cell deployments
· sparse and dense small cell deployments 
· ideal and non-ideal backhaul
Considering the first three perspectives, Table 1 suggests the scenarios we should consider for evaluation of small cell enhancement.  The table also includes suggested parameters e.g. number of small cells and carrier configuration.
Table 1: Suggested scenarios for evaluation
	Scenario 
	Macro coverage
	Deployment of small cells outdoor/indoor, sparse dense
	Carrier configuration

	A
	Yes
	 Outdoor, sparse (uniformly dropped)
(4 small cells/ macro)
	A1.  Macro: 2GHz, Small cell: 2GHz (Co-Channel)

A2.  Macro: 2GHz, Small cell: 2.6GHz/3.5GHz 

	B
	Yes
	Outdoor, dense (clustered based)
(4 clusters/macro, Nc small cells/cluster)
	B1. Macro: 2GHz, Small cell: 2GHz (Co-Channel)

B2. Macro: 2GHz, Small cell: 2.6GHz/3.5GHz 

	C
	No
	Indoor, sparse
(2 small cells in the ITU InH scenario)
	Small cell: 2.6Hz/3.5GHz

	D
	No
	Indoor, dense

(N small cells, where N≥10)
	Small cell: 2.6Hz/3.5GHz


The followings are the considerations on these scenarios and the relevant parameters:
· Reference scenario 
· Scenario A1 can be considered as a reference scenario for comparison since this scenario was the focus in the HetNet eICIC/CoMP study.   For reference schemes, eICIC can be used as a reference scheme for non-ideal backhaul cases.  DPB can be used as a reference scheme for ideal backhaul cases.
· Density of outdoor small cells

· In order to get promising gain from small cell, dense deployment (e.g. scenario B) is an attractive scenario since density of small cells is the important dimension to obtain significant gain from cell-splitting.  Although co-channel scenario was studied in previous releases, the focus was on sparse deployment.   For dense deployment, the interference condition can be very different as shown in figure 2.1.  Hence, co-channel/non-co-channel cases should be both evaluated.  
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Figure 2.1 Geometry of pico UE with different densities of small cells

To evaluate the impact of different cell densities and coverage on the system performance, small cell cluster can be dropped uniformly in each macro cell.  To compare the 4 pico baseline scenario, we suggest to have 4 clusters uniformly distributed in a macro.  Each cluster can be configured to have Nc = 2, 5, 10 or 16 small cells which are also uniformly distributed.   The figure 2.2 below shows the 5x4=20 small cells/macro deployment. 
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Figure 2.2 Clustered based small cell deployment
· Indoor small cell without macro coverage
· Scenarios of indoor small cell without macro coverage (i.e. scenarios C&D) are the important scenarios which have been never/seldom studied before.   Standalone operation of these indoor small cells should be guaranteed.  
· Regular ITU indoor hotspot model only has two small cells which may not sufficiently reflect the interference environment in some cases e.g. large shopping mall, multiple large conference rooms, etc.  We propose to extend the model to multiple halls to evaluate the larger indoor environment with more small cells.  One example is to have 18 small cells as shown in figure 2.3.
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Figure.2.3. Extended indoor hotspot environment
· Transmission power of a small cell
· Transmission power of outdoor small cells can be 24dBm or 30dBm for 10MHz carrier.  For indoor small cells, it can be 21dBm or 24dBm for 10MHz carrier.
· Backhaul 

· In [1], categorization of backhaul is summarized in table 2.  To reduce the evaluation effort, we suggest to evaluate the three configurations in table 3 to represent ideal, medium and slow backhaul cases respectively.  In reality, the backhaul latency can be jittered.  It may be desirable to model this jitter in evaluation.
Table 2: Categorization of backhaul in TR 36.932
	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber (Ideal)
	2-5ms
	50M-10Gbps
	1

	Fiber Access 1 
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


Table 3: Suggested configurations of backhaul for evaluation
	Configuration
	Latency
	Throughout

	1
	2ms
	10Gbps

	2
	10ms
	100Mbps

	3
	50ms
	10Mbps


· User distribution and velocity
· For outdoor small cells, clustered based UE distribution like configuration 4b[2] in HetNet deployment should be prioritized.   For Indoor/Outdoor UE ratio, there can be two cases of UE distribution similar to [3].  (a) the case with 20% outdoor/80% indoor UE distribution and (b) the open-space case with 100% outdoor UE distribution.  To reduce simulation effort, we can also just evaluate one case with 50% outdoor/50% indoor.  
· For outdoor small cells, we can focus on the case with 60UEs in the macro area.
· For indoor small cells, all UEs should be indoor.  10UEs are uniformly distributed.
· For study of general small cell enhancements, low mobility UE with speed of 3km/h should be prioritized unless mobility enhancement is studied.
· Traffic 

· In [1], it is stated that non-full buffer traffic is prioritized.  FTP model 1 can be used.  For small cell deployment, FTP traffic should be generated for the whole macro area rather than for each small cell.  Simulations are run for various λ  that lead to covering  the range [10 - 70]% of RU.
More suggested simulation parameters are listed in table A.1 of Appendix.
3. Evaluation methodology and performance metrics 
Some of the scenarios discussed in section 3 are relatively new or rarely studied in 3GPP RAN1.  Considering the comparability and complexity, the following three steps are suggested to access the small cell performance:

1. Provide geometry results for calibration for each scenario. 

2. Provide large-scale fading (i.e. no fast fading) results for initial study on dense deployment scenarios.  Provide fast fading results for sparse deployment scenarios.

3. Provide fast fading results for all scenarios.  
For dense deployment scenarios, some simplified simulation approaches can be considered.  e.g. re-use of fast fading channels among small cells in different macro areas.
The suggested performance metrics are shown in table 4.  It is stated in [1] that small cell enhancement should target the capacity per unit area (e.g. bps/km2) to be as high as possible.  Therefore, this metric should be added for the evaluation in physical layer perspective.
Table 4:  Performance metrics
	Traffic model
	Metrics

	Full buffer traffic
	· Cell average capacity

· Cell-edge user throughput

· Capacity per unit area

	Non full buffer traffic
	· 5%/50%/95%, and mean user throughout at the given resource utilization value
· Capacity per unit area


4. Conclusion
This paper gives our suggestions on the scenarios and related parameters which should be considered for small cell evaluations.  Details are discussed in the perspective of macro coverage, indoor/outdoor and sparse/dense small cell deployments.  Three backhaul types which represent ideal, medium, slow backhaul types respectively are highlighted in the contribution.  Also we propose the three-step approach for calibration and evaluation.  Finally, performance metrics are suggested.  
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Appendix 

A. Detailed simulation parameters
Table A.1: System simulation parameters for small cell Evaluation
	Parameter
	Values used for evaluation

	Performance metrics
	· Full buffer traffic: Cell capacity, Cell-edge user throughput
· Non full buffer traffic: 5%/50%/95%, and mean user throughout at the given resource utilization value
· Capacity per unit area

	Deployment scenarios
	1. Scenario A: Outdoor small cells are uniformly deployed within the macrocell coverage.  
A1:  macro–small cell co-channel case
A2:  macro-small cell  non-co-channel case

2. Scenario B: Ncluster  groups of outdoor small cells are uniformly deployed within the macrocell coverage.  Nc cells are uniformly deployed within the cluster.
B1:  macro–small cell co-channel case

B2:  macro-small cell  non-co-channel case
3. Scenario C: Indoor hotspot with two small cells in the indoor environment.
4. Scenario D: Extended dense indoor hotspot with more than 10 indoor small cells

	Simulation case
	Deployment scenarios A, B: 
ITU UMa for Macro, UMi for small cell
·  UMa

- UE speed : 3km/hr
· UMi
- Carrier Frequency : 2GHz, 2.6GHz, 3.5Hz
100% UE dropped outdoors or 80%/20% outdoor/indoor with outdoor/indoor modeling in TR 36.819.
· Antenna Height: Applied for ITU UMa (Macro), ITU UMi (small cell) 

· 10m for RRH/Hotzone Node

· 25m for Macro Node

· 3D antenna tilt for calibration (for 25m) :  12 degrees 

· UE noise figure: Applicable to all the channel models 

· 9dB
· Minimum Distance for scenario A:
· Macro – small cell: >75m

· Macro – UE : >35m

· Small cell – small cell: >40m

· RRH/Hotzone – UE : >10m

· Minimum Distance for scenario B:
· Macro – small cell: >75m

· Macro – UE : >35m

· Small cell – small cell: >20m

· Small cell – UE : >5m
· Small cell cluster – small cell cluster : >80m
Deployment scenarios C,D:
· ITU-InH
- Carrier Frequency : 2.6GHz, 3.5Hz
- 100% UE dropped indoor
· Antenna Height:  6m
The indoor hotspot scenario consists of single floor of a building as Figure.A.1 which is same with ITU sketch. The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. Two sites are placed in the middle of the hall at 30m and 90m with respect to the left side of the building.
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Figure.A.1. Scenario 3 - Indoor hotspot environment
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Figure.A.2. Scenario 4 - Extended indoor hotspot environment
· Minimum Distance for scenario 3,4:
· Small cell – UE : >3m


	Number of small cells N per macro-cell, 
Number of small cells cluster Ncluster per macro-cell
	Deployment scenario 1: N=4

Deployment scenario 2: N=8, 20, 40, 64 ; Ncluster = 4
Deployment scenario 3: N=2

Deployment scenario 4: N=18

	High power RRH Tx power (Ptotal)
	46dBm - 10MHz carrier

	Small cell TX power (Ptotal)
	30 dBm, 24dBm, 21dBm – 10MHz carrier

	Number of UEs per cell
	Same as TR 36.814 for Heterogeneous networks

	System bandwidth
	10 MHz, 20MHz 

	Possible transmission schemes in DL
	· SU-MIMO
· SU-MIMO with intra-eNB DPS/DPB

	Number of antennas at transmission point
	Macro:  2, 4 with higher priority for 2 antennas.
Outdoor small cell: 2, 4, with higher priority for 2 antennas.
Indoor small cell: 1, 2, with higher priority for 2 antennas.

	Number of antennas at UE
	2, 4, with higher priority for 2 antennas.

	Antenna configuration
	For macro eNB and high power RRH, 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
For low power node
· 1 Tx antenna: vertically-polarized

· 2 Tx antennas: 
1. cross-polarized: X
2. vertically-polarized: | |
· 4 Tx antennas: 

1.  0.5 λ-spaced cross-polarized: X X


	eNB Antenna tilt
	For macro eNB: 12 degrees
For small cell: 0 or 10 degrees

	Antenna gain + connector loss
	For macro eNB: 17 dBi 

For small cell: 5 dBi

	Channel estimation
	Non-ideal
- Channel estimation error for CSI feedback
- Channel estimation error for demodulation
- Any channel reciprocity modelling to be described.
- Any antenna calibration mechanism to be described


	UE receiver
	IRC receiver

	DL overhead assumption
	Should be clarified for each transmission scheme, taking into account CSI-RS and PDSCH muting overhead, as well as PDCCH/ePDCCH overhead corresponding to scheduling

	Traffic model
	Full buffer 

Non-full-buffer according to FTP Model 1 in Clause A.2.1.3.1 in TR36.814, with the following modifications:

· Model 1 with file size of 2 Mbytes is preferred, however Model 1 with file size of 0.5 Mbytes and Model 2 with file size of 0.5 Mbytes can be evaluated instead
· Simulations are run for various λ o that lead to covering at least the range [10 - 70]% of RU (See A.2.1.3.2) , and the metrics described in A.2.1.3.2 are computed for each λ (for model 1)
· The RU is computed over the entire network, i.e. the RU is the average of the RUs per transmission point
For non-full buffer traffic model 1 for scenarios 1,2:
-
Randomly and uniformly drop the configured number of low power nodes, N, within each macro geographical area (the same number N for every macro geographical area
-
Generate users based on traffic load. Chose the geographical area in which user will be dropped randomly and with probability of Photspot for the low power node geographical area, and 1- Photspot  for the the entire macro cell geographical area  (including the low power node user dropping area).


	Backhaul assumptions
	{Latency, throughput} = {2ms, 10Gps}, {10ms, 100Mbps}, {50ms, 10Mbps}

	Link adaptation
	Non-ideal; details to be provided 
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