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1 Introduction

In RAN1#72, the evaluation methodology for physical layer aspects for LTE small cell enhancement was discussed.  Deployment scenarios 1, 2a, 2b, and 3 with both sparse and dense deployments were agreed and captured in TR [5]. A way forward for further evaluation assumptions for small enhancement [6] The agreements for the backhaul assumptions were as follows:
In the evaluations of small cell physical layer enhancements,
· both ideal backhaul and non-ideal backhaul can be considered for the following interfaces:
· between the small cells within the same cluster
· between a cluster of small cells and at least one macro eNB
· non-ideal backhaul  is assumed for all other interfaces
Additional backhaul assumptions were discussed by email [8] regarding whether the non-ideal backhaul assumptions from TR 36.932 or some other modified baseline set of details for non-ideal backhaul would be used.   The agreements from the email discussion are as follows,

· The latency and throughput values for non-ideal backhaul indicated in Table 6.1-1 of 36.932 are the baseline assumptions 

· The latency values of {2ms,10ms,50ms} are recommended for evaluation.

· Whether and how the backhaul assumptions are explicitly modelled in the simulations should be indicated by companies when presenting the results.  

· Proposals considering backhaul assumptions should analyze the influence of these assumptions on the delivery of the information to be exchanged and on the access network performance metrics

The simulation parameters for small cell enhancement were discussed offline and online during RAN1#72 with the basic parameters agreed as follows,
· System bandwidth

· Traffic model 
· UE receiver

· UE noise figure

· UE speed

· Cell selection criteria

· Network synchronization: 

· baseline is synchronised; if an evaluated feature requires synchronisation, this should be stated; evaluations without synchronization are not precluded, and the assumed synchronization accuracy in such simulations should be stated.

· Performance metrics

Detailed simulation parameters and modelling were further discussed through RAN1 reflector [9]  with detail parameters in [10]   and summarised as follows,  
· ITU InH channel model is the baseline for indoor model of Scenario #2b and Scenario #3. Dual strip model can also be used as the indoor channel model for Scenario #2b and Scenario #3. 
· Detailed assumptions for dual strip model are to be further discussed.
· Small cells with uniform distribution are optional and can be used for the evaluation of RS discovery.
· Working assumption of Indoor-to-outdoor distance dependent path loss model for Scenario #2b is based on UMi. To be revisited in RAN1 #72bis meeting.
Another thread of RAN1 email discussion was on FTP traffic model [7] due to some companies' concern on the modeling of FTP-1 traffic model without number of users.   The conclusion of the email discussion is to define a new FTP-3 traffic model.     
This paper discusses the remaining aspects of the evaluation methodology in the physical layer aspects of small cell enhancement.   
2 Remaining Aspects of Evaluation Assumptions for Small Cell Enhancement
Several aspects are left for future study after the conclusion of the RAN1 email discussion on small cell enhancements.   The open issues include the details of the dual strip model, additional wall penetration loss for 3.5 GHz, and offered load in the FTP-3 traffic model.  
· Details of dual strip model – The dual strip model has been used as the indoor channel model for Rel-9 HeNB minimum performance requirements by RAN4 and LTE-A performance evaluation for femto cells [4].   Detailed simulation parameters have been captured in annex A of [4].   From the agreed deployment scenarios in [5], non-homogeneous indoor small cell deployments are similar to the deployment of HeNBs.  The dual strip model specified in [4] could therefore be used directly as the indoor channel model for small cell enhancement evaluations.   Some companies had proposed to change some parameters in the PL model, such as the linear loss term [12].   Since HeNBs have been tested based on the performance requirements generated from the dual strip model, the current dual strip model specified in [4] should be used as the baseline for the small cell indoor channel model.   Modification of parameters in PL model could be considered if corresponding field measurement results are shown.  

Proposal1: The dual strip model specified in Annex A of [4] is used as the indoor channel model for small cell enhancement.  
· Additional wall penetration loss of 3.5 GHz – 3.5 GHz was agreed as the carrier frequency for the small cell evaluations.  The propagation properties, such as path loss and penetration loss, at 3.5 GHz are different from 2 GHz which is the reference carrier frequency for the specification of the channel models.  From measurement results shown in the literature, the difference of path loss between 3.5 and 2 GHz carriers over short distances is negligible.   However, the penetration loss at 3.5 GHz, in particular through exterior walls for indoor-to-outdoor or outdoor-to-indoor, would be significantly larger than 20 dB used for 2 GHz.  During email discussion [9], companies proposed to have additional penetration loss of 2-3 dB or 5 dB for 3.5 GHz on top of the 20 dB loss for 2 GHz.   Since building external wall penetration loss depends on the building materials of walls, there is no universal value of wall penetration loss for all building materials, such as steel, concrete, stone, wood.   However, it is necessary to capture at least a realistic value for the wall penetration loss for 3.5 GHz carriers to reflect real small cell deployments.
Proposal 2: An additional 3 dB wall penetration loss for 3.5 GHz on top of the 20 dB loss for 2 GHz is used for O-I and I-O channel models 
· FTP-3 traffic model – The non-full buffer traffic model is used to capture the impact of system capacity by the traffic arrival in real system deployments.   Compared to the full buffer traffic model, the non-full buffer traffic model provides statistical meaning in reflection of actual mobile users’ behaviour in the system.   FTP models based on the Poisson arrival process have been specified as FTP-1 and FTP-2 in [4].  FTP-1 and FTP-2 are both Poisson processes but modelled in different ways.   Poisson processes have been used for the modeling of traffic arrival in telecommunication and wireless network for decades.   Erlang capacity has been used as the capacity index for voice services and is based on Poisson arrival of voice traffic.   The offered traffic in the Poisson process depicts the system load.   FTP-3 traffic model is defined based on FTP model 2 with the exception that packets for the same UE arrive according to a Poisson process and the transmission time of a packet is counted from the time instance it arrives in the queue.  Since FTP-3 traffic model considering all UEs is not a Poisson process, the statistical meaning and relation to the system load are not clear.   Thus, the physical meaning of evaluation results generated from FTP-3 model should be clarified.
Proposal 3: The theoretical meaning of the FTP-3 traffic model and evaluation results generated based on FTP-3 traffic model need to be clarified.   
3 Conclusions

In this paper, we discuss the remaining aspects of evaluation assumptions for small cell enhancement.   The remaining issues of the dual strip model, I-O penetration loss for 3.5 GHz, and FTP-3 traffic model are analyzed.   We propose the following, 
· Proposal 1: The dual strip model specified in Annex A of [4] is used as the indoor channel model for small cell enhancement.  

· Proposal 2: An additional 3 dB wall penetration loss for 3.5 GHz on top of the to 20 dB loss for 2 GHz is used for O-I and I-O channel models
· Proposal 3: The theoretical meaning of the FTP-3 traffic model and evaluation results generated based on FTP-3 traffic model need to be clarified.   
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