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1 Introduction

The deployment of small cell had drawn lots of interest during the Rel-12 workshop in June 2012 [1]. Consequent offline email discussions [2]
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[3] tried to further clarify the requirements and scenarios of small cell enhancement.
In this contribution, we discuss the evaluation targets, characteristics and evaluation methodology for the small cell enhancements from RAN1’s perspective. 
2 Discussion
2.1 Differences between HetNet and Small cells
Similar study on deploying low power nodes (LPNs) into the network for traffic offloading and coverage enhancements have already been discussed during the LTE-A study item [4] During the discussion, fruitful conclusions had been achieved, which were listed in TR36.814 for guiding the proceeding simulations. Kinds of LPNs were defined clearly in TR36.814, in term of different properties such as transmission power level, backhaul, access policy and so on. Such kinds of common understanding are definitely necessary and reusable for the Rel-12 small cell enhancement. Therefore, it is strongly recommended RAN1 firstly clarify the differences between the previous HetNet studies and the Rel-12 small cell enhancements from the aspect of physical layer. 
Proposal 1: It is kindly suggested that RAN1 should clarify the differences between previous HetNet studies and small cell enhancements of Rel-12 from the aspect of physical layer.
In our view, the major tasks in the previous studies were to identify the issues could occur when LPNs were deployed in the networks. According to the study results, consequent WIs such as eICIC/FeICIC [5]
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[6] HetNet mobility [7]  were then approved to solved the specific issues, i.e., cross-tiers interference, mobility performance, etc. On the other hand, the Rel-12 small cell enhancement study should instead focus on identifying potential performance targets as well as the enhancements methods to improving the existing HetNet. 
Based on this understanding, the general evaluation assumptions of TR36.814[8], such as channel models, LPNs entities characteristics, could largely be reused. Further, this Rel-12 study may only consider the small-cell specific enhancement scenarios and assumptions. One of these examples is the indoor scenario, where most of the UEs in the cell are in low speed or stationary state in close proximity to the transmitting node. Such scenario has not yet been fully optimized by the LTE network; consequently, the existing designs of transmission scheme and signaling are somewhat conservative. Some physical layer enhancements, such as higher order modulation scheme (256QAM), cross-TTI scheduling, etc, are beneficial to be employed. As a conclusion, the differences between HetNet and small cells could be identified by the small-cell specific enhancements scenarios.
Observation 1: Issues due to involving LPNs into the networks have been widely studied in previous work, and therefore it need not to be studied again in small cells study. Only the differences between HetNet and small cells, i.e., small cell specific enhancements, should be considered.
Proposal 2: The small cells specific enhancements scenarios, such as indoor LPN scenario, should be defined firstly.
2.2 Evaluation methodology
2.2.1 Small cells specific characteristics and deployment
In this section, the most significant deployment characteristics in our view are discussed.
1. Environments that are more complexity compared to the previous HetNet scenarios. For instance, there are mixed indoor/outdoor LPNs, different transmit power levels of LPNs coexist, e.g., low power nodes, very low power nodes. It is true that all these kinds of LPNs have been discussed in TR36.814; however, the major focus of study in the previous release is on the co-channel interference coordination. Thus, single LPN category, i.e., Pico eNBs or HeNBs, was used in the evaluations for simplification. In contrary, in the Rel-12 study, a three-tiers mixed scenarios should be used in order to observe a full picture on the performance 

In this case, the mixed three-tiers scenarios consist of small cells with different capabilities. This capability could be defined by the transmit power, ISD, supported CCs, MIMO schemes, antenna configurations, backhaul, central frequency, whether synchronized with the macro eNB. One of the possible examples are shown as below:

Table 1. An example of small cells categories
	Category
	Maximum Tx Power
	Fc
	ISD (m)
	# Tx 
	Max # CCs
	BH
	Sync w/ macro

	1
	37dBm
	2G
	100~300
	8
	5
	Ideal
	Yes

	2
	30dBm
	2G
	60~200
	4
	5
	Ideal
	Yes

	3
	24dBm
	3.5G
	60~100
	4
	2
	Non-Ideal
	Un-necessary

	4
	20dBm
	5G
	10~60
	2
	1
	Non-ideal
	Un-necessary


2. More than one frequency band would be configured. As concluded in TR36.932[9], there could be more than one frequency layer configurations, e.g.,  small cell only band frequency band, co-channel or non-co-channel frequency band with macro eNB. The co-channel scenarios had been widely studied in the previous HetNet study, while the multi-frequencies scenarios should be addressed in this study ..
3. Non-uniform spatial and/or time domain bursty traffic occur. In the previous study, three traffic models are defined for HetNet studies, i.e., full-buffer, bursty traffic and VoIP. For small cells enhancement study, real-traffic model should be given with high priority. On the other hand, VoIP traffic should be given with lower priority, as it may not be the main use case in the small cell deployments. Therefore, bursty traffic should with priority if it satisfies the property that non-uniform spatial and/or time domain bursty traffic. The details of traffic model will be discussed in Section 2.2.2.
4. A small cell UE could have dual connectivity with both macro eNB and LPNs. In this case, RAN1 needs sufficient information of impacts from what dual-connectivity on the physical layer, except for the features belong to CoMP/eCoMP.  Hence, it should wait for the conclusions from RAN2. 

5. Mobility considerations: Mobility relevant issues should be covered in the parallel session in RAN2[7], the issues include: mobility performance evaluation, the ability to offload from high speed vehicular UEs, .etc.,  i.e., the performance degrading due to mobility performance, e.g., handover fail, should not covered in RAN1. In this case, evaluation of the offloading performance for high mobility scenarios is meaningless due to the performance is limited by the mobility performance. Therefore, low mobility scenarios are suggested be with priority in RAN1’s evaluations.

In previous HetNet evaluations, non-mixed scenarios are deployed for different evaluation purpose. And in small cells evaluation, there are kinds of evaluation purpose. For example, there could be small cells for coverage purpose and for capacity enhancement purpose, for indoor capacity enhancements or outdoor mobility enhancements. Generally speaking, two kinds of scenarios are necessary for evaluation, i.e., typical scenarios for operators’ real-deployments and specific scenarios for specific deployments. A real-deployed scenario will definitely be a mixed scenario, in which almost all kinds of small cells could be involved.  It may not be preferred due to the scenarios could be significantly different for operators, besides the high simulation assumptions complexity. Therefore, enhancement specific scenarios should be with higher priority. One of the possible scenarios is shown in the appendix.
As a summary of this section, we propose that:

Proposal 3: Small cells categories with different capability, i.e., coverage, CA, backhaul, .etc, should be defined.

Proposal 4: Reusing the new nodes placements in TR36.814 for the second tier nodes, adding a the third lower power nodes tier for small cells.
Proposal 5: Low mobility, non-co-channel scenarios with bursty traffic should be given priority.
Proposal 6: Specific scenarios for specific evaluations should firstly be defined to facilitate the study on small cell specific enhancement mechanisms.

Proposal 7: Simulation assumption as listed in the appendix should be considered.
2.2.2 Traffic model
Poisson-based non-full buffer traffic models were agreed in RAN1#58bis for evaluating the performance of CoMP, and then FTP models were agreed[10]. 
The existing real-traffic models have been defined in 36.814 as FTP model 1 and model 2 [8], for cell-specific or UE-specific modelling, respectively. The traffic in small-cell scenarios is non-uniform distributed in time-domain (already covered by the FTP model) and in spatial-domain (that is not supported currently). The non-uniform spatial-domain traffic distribution is important to evaluate the capability of traffic adaptation, e.g., activate/deactivate the small cell at busy/idle time slots, respectively. 
However, for cell-specific traffic, once the cell-layout of the eNBs is determined, the traffic loading of each cell is determined too. As a result, whether to add a new node or remove a node will not adapt the traffic loading for the specific area (note that adding a node will also increase the corresponding traffic for cell-specific traffic model). 
For UE-specific traffic, the traffic loading in the spatial domain would align with the distribution of UEs. The non-uniform distribution UE-dropping may lead a non-uniform traffic distribution in the spatial domain. Therefore, it is proper to employ it in the traffic adaptation evaluation. 
Proposal 8: Reusing the FTP model 2 that defined in TR36.814 as the bursty traffic for small cells evaluations.
2.2.3 Evaluation metrics

As discussed in Section 2.1.1, the metrics for evaluating the efficiency of the small cell deployment should cover the following categories:

a) User experience: 1). continuing subscriber experience; 2). best/worst case user experience (i.e., 95%/5%-tile user throughput); 3). average experience (average user throughput or 50%-tile user throughput). 

Continuing user experience may reflect the network coverage with the considering of the quality of experience (QoE). In the conventional simulation, the location of a user is usually static which means the large-scale fading is non-time-varying, therefore the continuing experience js only impacted by the fast fading. It is nature to set up a mobility model to evaluate the movement of users, however, this characteristics have been covered in the mobility study [1], which is leaded by RAN2, therefore it is straightforward to leave it to RAN2’s study. 

Observation 2: Continuing QoE could be one of the metrics of mobility evaluation, therefore it is precluded in the RAN1’s evaluation.
b) Efficiency: the conventional metric to evaluate efficiency of the resource utilization is the per-eNB spectrum efficient. As FTP models have been conducted, the corresponding metrics should also be applied. These metrics are: Served cell throughput, Harmonic mean normalized cell throughput (HM-NCT), Normalized cell throughput, and Resource utilization. As the area spectral efficiency (ASE), a.k.a. per area unit spectrum efficiency [11], has the ability to present the spectrum efficiency as well as the interference conditions and channel quality, it is suggested as one of the performance metrics in TR36.932 [9]. However, according the definition of ASE:
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In which A is the size of the evaluation area, K is number of all eNBs including the small cells, Ck is the throughput of eNB k. 
As the total coverage area A and number of eNBs K are constant during the simulation, ASE is therefore equivalent to the average cell throughput. However, for the case that ASE is calculated separately to macro and small cells, i.e., to collect ASE of macro cells and ASE of small cells respectively, since the coverage area of small cells clusters are different, it will be added by some new angle of view on evaluate the property of the small cells deployments. In this case the definition for the coverage of the small cell should be explicitly claimed.
Observation 3: The definition of ASE i.e, whether for total all coverage or small-cells cluster coverage, should be explicitly claimed.
c) Energy consumption: As increasing the number of small cells would likely increase the overall system throughput, however, on the other way, it increases the power consumption. In this case, to define an energy efficiency metric, e.g., power consumption per bit, should be essential to present the costing of the throughput gain.
d) Link quality: Link quality, e.g., the geometry is necessary to evaluate the coverage performance, but in capacity enhancement scenarios the link quality will not be a critical metric.

Proposal 9: The following metrics are adopted:

· For user experience, mean, 5%, 50%, 95% user throughput
· For eNB efficiency, the metrics defined in A.2.1.3.2 of TR36.814 can be reuse, and their ASE form could be presented
· For energy efficiency, area power consumption per bit could be captured.
3 Conclusion

In this contribution, we have the following observations:
Observation 1: Issues due to involving LPNs into the networks have been widely studied in previous work, and therefore it need not to be studied again in small cells study.
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Observation 2: Continuing QoE could be one of the metrics of mobility evaluation, therefore it is precluded in the RAN1’s evaluation.
Observation 3: The definition of ASE i.e, whether for total all coverage or small-cells cluster coverage, should be explicitly claimed.
Based on these observations, we proposed:

Proposal 1: It is kindly suggested that RAN1 should clarify the differences between previous HetNet studies and small cell enhancements of Rel-12 from the aspect of physical layer.
Proposal 2: The small cells specific enhancements scenarios, such as indoor LPN scenario, should be defined firstly.
Proposal 3: Small cells categories with different capability, i.e., coverage, CA, backhaul, .etc, should be defined.
Proposal 4: Reusing the new nodes placements in TR36.814 for the second tier nodes, adding a the third lower power nodes tier for small cells.
Proposal 5: Low mobility, non-co-channel scenarios with bursty traffic should be given priority.
Proposal 6: Specific scenarios for specific evaluations should firstly be defined to facilitate the study on small cell specific enhancement mechanisms.
Proposal 7: Simulation assumption as listed in the appendix should be considered.
Proposal 8: Reusing the FTP model 2 that defined in TR36.814 as the bursty traffic for small cells evaluations.
Proposal 9: The following metrics are adopted:

· For user experience, mean, 5%, 50%, 95% user throughput

· For eNB efficiency, the metrics defined in A.2.1.3.2 of TR36.814 can be reuse, and their ASE form could be presented
· For energy efficiency, area power consumption per bit could be captured.
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Appendix: Simulation assumptions
	Parameters
	Values used for evaluation

	Deployment scenarios
	Heterogeneous network with low-power nodes within the macro-cell coverage; 1 macro-cell with 4 pico cells and 20 small cells

	Cell Layout
	57 Macro cells

	Channel model
	ITU UMa for macro, UMi for low power node

	
	3GPP channel model case 1

	High power RRH Tx power
	46 dBm in a 10MHz carrier

	Pico cell Tx power
	30 dBm in a 10MHz carrier

	Small cell Tx power
	24dBm in a 10MHz carrier

	Placing of new nodes and UEs
	Configuration 1 

	
	Configuration 4b

	Number of UEs per cell
	30 for Config. 4b, 25 for Config. 1

	System bandwidth
	10 MHz

	Transmission schemes in DL
	TM9/TM10

	CSI-RS period
	10 ms

	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for PDCCH, 2 CRS ports outside PDCCH region, 10 REs/RB every 10ms for CSI-RS, 12 REs/RB for DM-RS

	Number of Tx at eNB
	4 (optional: 8 for macro cell only )

	Number of antennas at UE
	2

	Antenna pattern
	3D for macro eNB

	
	Omni-directional for low-power node

	eNB antenna tilt
	12 degrees for macro eNB

	
	10 degrees for low-power node

	Channel estimation
	Ideal

	UE receiver
	MMSE receiver

	Traffic model
	FTP Model 2
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