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1. Introduction

At the last RAN Plenary meeting in Barcelona, Spain, RAN concluded the Rel. 12 study on scenarios and requirements for LTE small cell enhancements [1] and the corresponding technical report was approved in [2]. Concurrently, a new study was approved in [3] with the goal to specify the physical-layer aspects of any small cell enhancements for E-UTRA and E-UTRAN in Rel. 12. In order for RAN1 to commence work a basic simulation framework has to be established and agreed upon. In this document, we present our views on general evaluation assumptions and methodology for small cell enhancements in Rel. 12. Proposed simulation assumptions for specific technologies such as 256QAM can be found in our companion contributions in [6],[7].
2. Review of Target Deployments
Ever since the workshop on future 3GPP radio access technologies in Ljubljana, Slovenia, extensive discussions have taken place and a common understanding on scenarios and requirements for small cell enhancements in Rel. 12 has emerged as captured in [2]. The main target deployments are depicted in Figure 1 and can be summarized as follows:
· CA-based and carrier-based

· With and without macro coverage

· Indoor and outdoor hotspots

· Sparse and dense small cell deployments
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Figure 1: Examples of target deployments for small cell enhancements

A common framework which allows tailoring systems-level simulations towards all prioritized combinations of the above is desirable. In addition, in order to expedite the discussion in RAN1, it appears beneficial to re-use previously agreed evaluation assumptions and methodologies wherever warranted by the requirements in [2]. To this end, we propose to use TR 36.814 [4] and TR 36.819 [5] as baseline for discussions on simulation assumptions for small cell enhancements in RAN1.

Proposal 1:
The simulation assumptions in TR 36.814 and TR 36.819 are the baseline for discussions on small cell enhancements evaluations in RAN1.

In the sequel, we review the main target deployments identified in [2] and present our views on how existing simulation models from Rel. 10/11 could be adapted to be aligned with the requirements put forward in this study.
2.1. CA-based and Carrier-based

TR 36.932 defines two separate use cases wherein the two layers illustrated in Figure 1 are either assigned different frequency bands F1 and F2 or at least one carrier is shared by the macro layer and small cell layer. We refer to the former as a carrier-based deployment because each layer operates on separate frequencies and neither layer aggregates carriers, e.g., to increase the throughput for UEs configured with CA. Conversely, several CA-based deployments can be envisioned some of which are exemplified in [2]:
· Carrier aggregation on the macro layer with bands X and Y, and only band X on the small cell layer

· Small cells supporting carrier aggregation bands that are co-channel with the macro layer

· Small cells supporting carrier aggregation bands that are not co-channel with the macro layer

Keeping in mind the vast number of combinations, we propose the following:

Proposal 2: 
Initial studies should focus on the following three cases:
1. No carrier aggregation, macro layer is assigned F1, small cell layer is assigned F1 (co-channel deployment)

2. No carrier aggregation, macro layer is assigned F1, small cell layer is assigned F2 > F1 (inter-frequency handovers)
3. Macro layer is assigned F1 and F2 (carrier aggregation), small cell layer is assigned F2 > F1
With lower priority, the more general case where both the macro and small cell layers are configured for carrier aggregation with F1 and F2 could be considered as well.
2.2. With and without Macro Coverage

The deployments considered in Section 2.1 can be further distinguished by the geographical overlap of the coverage areas provided by the respective layer:
1. Small cells can be deployed under the coverage umbrella of a macro eNodeB.

2. Small cells can be deployed without concurrent coverage from a macro eNodeB.

These two scenarios are illustrated in Figure 2. When a small cell is deployed under the coverage umbrella of a macro cell coverage holes may exist within the macro coverage area in which a UE can only receive signals from a nearby small cell eNodeB. An example is when the latter is situated within a building structure whose exterior walls shield the transmissions from the macro network in whose coverage area the building is located. Hence, the simulation model should account for realistic penetration losses which occur when low power nodes are installed indoor. 
Proposal 3:
The simulation model should account for realistic penetration losses which occur when low power nodes are installed indoor.
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Figure 2: Small cell deployments in regard to the coverage provided by a macro eNodeB

2.3. Indoor and Outdoor

RAN1 has analyzed both indoor and outdoor deployments of low power eNodeBs in prior releases. In Rel. 10, the apartment block model was used to evaluate the performance impact of consumer-deployed residential HeNBs on the macro network [4]. Operator-deployed outdoor hotspots, either through pico eNodeBs or remote radio heads, were analyzed in both Release 10 and 11 [4],[5]. It seems natural to proceed from there when defining the channel models for the Rel. 12 study on small cell enhancements.

 Proposal 4:
The channel model for indoor and outdoor hotspots should be based on TR 36.814 and 36.819, respectively. 
2.4. Sparse and Dense

Hitherto, the focus in RAN1 has been on isolated small cells as described in [4],[5]. The scope of this study concentrates on dense deployments as established through clusters of small cells. Sparse deployments are not precluded, rather “smooth extension/scalability (e.g.: from sparse to dense, from small-area dense to large-area dense, or from normal-dense to super-dense) should be considered” [2]. Clusters could be defined as a fixed number of low power eNodeBs uniformly and randomly dropped within a given radius around a common center which itself is uniformly and randomly dropped within a macro sector. The density could be controlled by varying both the distances among eNodeBs within a cluster as well as between clusters, e.g., by adapting the number of clusters per macro geographical area and the number of low power nodes per cluster. Similarly to Rel. 10 and 11 dropping rules for low power nodes, minimum distances would need to be defined within each cluster and, optionally, among clusters. This could be accomplished by introducing dminSCeNB-SCeNB and dminCluster-Cluster as shown in Figure 2.
Proposal 5:
Clusters are defined as a fixed number of low power eNodeBs uniformly and randomly dropped within a given radius around a common center which itself is uniformly and randomly dropped within a macro sector.

3. Proposed Simulation Assumptions and Methodology

A complete set of simulation parameters meeting the requirements discussed in the previous section can be found in the Appendix. Outdoor deployments of eNodeBs both for macro and low power nodes are based on TR 36.819 whereas indoor deployments of low power nodes are based on TR 36.814. The concept of clusters has been introduced as described in Section 2.4. These parameters can serve as a basis for further discussions and can be refined as deemed necessary. Barring the clustered dropping, such an approach ensures maximum re-use of existing simulation infrastructure alleviating the need for extensive calibration campaigns among companies, limits the scope of necessary discussions within RAN1 in order to establish a common evaluation methodology and overall expedites the process towards a timely closing of the study item.
4. Conclusion

We summarized the requirements for simulations to evaluate the performance of possible small cell enhancements in the physical layer within Release 12. We outlined a general evaluation framework which meets these requirements based on the following five proposals. A complete set of simulation parameters is furthermore given in the Appendix.
Proposal 1:
The simulation assumptions in TR 36.814 and TR 36.819 are the baseline for discussions on small cell enhancements evaluations in RAN1.

Proposal 2: 
Initial studies should focus on the following three cases:

1. No carrier aggregation, macro layer is assigned F1, small cell layer is assigned F1 (co-channel deployment)

2. No carrier aggregation, macro layer is assigned F1, small cell layer is assigned F2 > F1 (inter-frequency handovers)

3. Macro layer is assigned F1 and F2 (carrier aggregation), small cell layer is assigned F2 > F1

Proposal 3:
The simulation model should account for realistic penetration losses which occur when low power nodes are installed indoor.

Proposal 4:
The channel model for indoor and outdoor hotspots should be based on TR 36.814 and 36.819, respectively. 

Proposal 5:
Clusters are defined as a fixed number of low power eNodeBs uniformly and randomly dropped within a given radius around a common center which itself is uniformly and randomly dropped within a macro sector.
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5. Appendix — Simulation Parameters

	
	Macro Layer
	Small Cell Layer

	
	
	Outdoor low power eNB
	Indoor low power eNB

	General

	Cellular layout
	57 macro sectors arranged in a hexagonal grid with 3 sectors per site

	ISD
	500m
	N/A

	Carrier frequency
	2GHz
	2GHz (co-channel case) and 3.5GHz

	System bandwidth
	10MHz

	UE speed
	3km/h

	Total BS TX power (Ptotal)
	49dBm
	30dBm
	24dBm

	Antenna configuration and parameters

	Antenna configuration
	2 Tx antennas, cross-polarized, 0.5( spacing

	Antenna gain
	17dBi
	5dBi
	0dBi

	Feeder loss
	0dB

	Antenna pattern  (horizontal)
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	Antenna pattern (vertical)
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	N/A

	Combining method in 3D antenna pattern
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	N/A

	Antenna height
	25m
	10m
	6m

	antenna bore-sight orientation
	


	N/A

	UE antenna configuration
	2 receive antennas; UE antenna height is 1.5m; UE antenna gain is 0dBi


	UE and eNB dropping

	Users per macro geographical area
	30/60

	Number of clusters per macro geographical area
	N/A
	1/2

	Number of small cells per cluster (max. number of small cells per macro geographical area is 8)
	N/A
	2/4
	2

	Centers of cluster
	N/A
	Uniformly random within macro geographical area

	Small cell eNB within cluster
	N/A
	Uniformly random within 30 meter of center of cluster
	
[image: image10.emf]
· single floor building 

· 16 rooms of 15 m x 15 m

· long hall of 120 m x 20m

· two eNBs in the middle of the hall at 30m and 90m with respect to the left side of the building

	UE dropping outside cluster
	Uniformly random within macro geographical area

	UE dropping within cluster
	N/A
	Uniformly random within 40 meter of center of cluster
	Uniformly random within building

	Number of users per cluster

Nusers: total number of users 
           per macro 
           geographical area

N: number of clusters
Photspot : fraction of hotspot 
               users 
	N/A
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	Minimum distance among small cell and macro eNBs
	75m

	Minimum distance among centers of small cell clusters
	N/A
	75m
	Determined by building size

	Minimum distance among small cell eNBs
	N/A
	25m
	N/A

	Minimum distance between UE and respective eNB
	35m
	10m
	3m

	Path loss

	UE to macro eNB (R in km)
	ITU UMa
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	UE to small cell eNB (R in km)
	ITU UMi
	UE outdoor or in different building:

PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))
UE inside same building:

PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
Prob(R)=
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	Shadowing standard deviation

	UE to macro eNB
	According to UMa and UMi respetively
	10dB

	UE to small cell eNB
	
	UE inside same building:

3dB (LOS)

4dB (NLOS)

UE outdoor or in different building:

10dB

	Shadowing correlation between cells/sectors
	
	0

	Penetration loss

	UE Indoor-outdoor modeling
	80% indoor; 20% outdoor
	Explicit through building dropping

	Outdoor UE 
	0dB
	20dB

	Indoor UE to small cell eNB 
	PLpenetration-indoor(din) = 20 + 0.5 * din [dB]

din is i.i.d. uniform between [0, min(25,d) ] for each link

d is distance between UE and transmission node
	0dB (same building)

40dB (different building)

	Indoor UE to macro eNB 
	
	20dB

	in-car penetration loss
	Not modeled


	Fast Fading

	Fast fading to respective eNB
	ITU UMa
	ITU UMi
	ITU InH

	Miscellaneous

	Feedback and control channel errors
	None

	Control channel and reference signal overhead
	2 OFDM symbols for PDCCH

2 CRS antenna ports

	Channel estimation
	Non-ideal

	Baseline downlink receiver
	MMSE

	Downlink HARQ scheme
	Maximum four transmissions

	Baseline link adaptation
	PUSCH 3-1

5ms periodicity
6ms delay total (measurement in subframe n is used in subframe n+6)

	Baseline scheduler
	Proportional-fair

	Handover margin
	1.0 dB

	Cell range extension bias
	0dB

	UE noise figure
	9dB

	Network synchronization
	Synchronized

	Traffic model
	Full buffer and non-full-buffer (model 1  as in TR 36.814)

	Intercell interference modelling
	Explicit

	Backhaul characteristics
	TR 36.932 Table 6.1-1

	X2
	yes

	Access mode
	No CSG

	Performance metric
	User throughput (mean and 5, 50, 95 percentile) for 50% resource utilization in case of non-full-buffer traffic
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