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Discussion
1 Introduction

Many contributions had submitted in the last meeting analyzing mobility performance and CN load of network with small cells. It was noted that small cell deployment has unique aspects such as very high density, non-ideal backhaul and inter-frequency discovery and measurement that had not been discussed in the previous HetNet studies. [1] As the completion target of the small cell study item is not that far from now, it may be difficult to have enough discussion on assumptions and system models for performance analysis of small cells. But if we don’t have common model that describes the new aspects well, the evaluation result may not be trustworthy. In this contribution, we list up number of aspects that need to be discussed, and provide candidate models for performance analysis.
2 Evaluation Methodology
RAN2 has been discussing mobility performance of HetNet for more than two years. All the related methodologies are well specified in TR36.839. Most of evaluation models in TR36.839 [2] can be reused for performance evaluation of small cells. But as small cells have list of new aspects such as very high density, non-ideal backhaul, and inter-frequency discovery and measurement, additional methodologies are needed.

Meanwhile, RAN1 has been discussing performance evaluation methodology specifically for the small cell study item from this January. In general, it’s better to reuse RAN1 working assumptions as much as possible as many companies have been working on the methodology in RAN1. But as RAN1 targets different performance metrics than RAN2, some of RAN1 model is difficult to be used as it is for RAN2 performance evaluation. Also numbers of required models are missing. (E.g., latency due to inter-frequency measurement and non-ideal backhaul)
2.1 Performance metrics

Basically all the performance metrics defined in TR 36.839 [2] should be considered in the small cell study. They include handover failure rate, handover frequency, RLF frequency, ping-pong rate, handover latency, and so on.

Additionally, as the small cells can be deployed densely in a separate frequency from macro cells, and if the UE selects the macro layer for the most of time, the mobility performance can be distorted. Therefore utilization level of the small cell frequency should be considered together. The new metric ToS (time of stay) per frequency is proposed to evaluate the utilization level of a frequency. The time of stay (ToS) of a frequency layer is defined as follows:
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2.1 Small Cell Drop
For macro cells, 2-tier 57 sector cell layout needs to be used for the simulation. For small cells, following two models can be used:

· Uniform drop: Small cells are dropped uniformly with the same inter-small cell distance.

· Clustered drop: A number of small cell clusters are dropped randomly first. The number of small cell clusters can be between 1 and 4. Each small cell cluster can have up to 10 small cells. Locations of small cell clusters and small cells should satisfy the following constraints: Distance between a macro cell and the center of a cluster > 75m, distance between clusters > 100m, distance between the center of a cluster and the center of a small cell < 50m, distance between small cells > 20m.
The uniform drop needs to be used for performance evaluation of scenario 3 as clustered drop may not provide full coverage. Also the number of small cells should be high enough to avoid large coverage holes among small cells as the coverage holes may distort evaluation results. Performance evaluation of scenario 1 and 2 should be based on the clustered drop following RAN1 working assumption. The following figure depicts an example of clustered small cells.
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Figure 1 Clustered Small Cell Drop (4 Clusters, 40 Small Cells per Macro Cell)

2.2 Path Loss Model
Path loss models defined in RAN1 working assumptions and HetNet TR are different. TR36.839 only defines NLOS (Non Line Of Sight) models for both links between macro cells and UEs and link between small cells and UEs. On the other hand, RAN1 working assumption defines ITU UMa which includes both LOS (Line Of Sight) and NLOS models for macro cells and ITU UMi which also includes both LOS and NLOS models for small cells. As the number of small cells will be high and the small cells will be deployed at a low height near UEs, probability for the UEs to have LOS link would be higher than macro cells. As RAN2’s main interest is mobility performance, the link condition between a UE and a macro cell or a small cell will be changed continuously along with trajectory of the UE. This may lead to the transition between LOS link condition and NLOS link condition. But the transition between LOS and NLOS is not easily modeled, and requires more accurate link level analysis. Therefore we propose to use only NLOS path loss model for RAN2 evaluation study. The following path loss equations are derived from TR36.814 [3], and proposed for the small cells depending on its operating frequencies:
· PL for 2GHz = 140.7 + 36.7 log10(d), where d is distance in kilometers
· PL for 3.5GHz = 147 + 37.6 log10(d), where d is distance in kilometers
2.3 Small Cell Detection and Measurement

Small cells need to be detected first before being measured. The delay to detect the small cell will add additional latency to the mobility procedure, hence degrade mobility performance. For cell detection, UE begins by scanning for PSS and then SSS to identify a set of candidate cell IDs. Given a candidate cell ID, the UE then attempts to detect and measure the CRS of the candidate cell. In this paper, simplified procedure in [4] is proposed as a detection model of small cells. The procedure can be described from UE’s perspective as follows:

1. UE performs RSRP measurement of all the small cells every L1 sampling period
2. A cell is detected if SINRSCH of the cell is above -6dB
3. UE adds newly detected cells into a measurement candidate set

4. UE perform normal measurement (L1 sampling and L1/L3 filtering) for members of the measurement candidate set

5. If averaged SINRSCH is below -8dB, UE removes the cell from the measurement candidate set
The following equation is used to approximate SINRSCH of a cell from measured RSRP.
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where r is average correlation between two synchronization signal sequences. r = 0.1098 can be used assuming random PCI assignment.
For small cells operating at a different frequency from macro cells, (e.g., scenario 2), inter-frequency measurement needs to be modelled. Period of the inter-frequency measurement would be longer than intra-frequency measurement as it needs measurement gap. In this paper, different PHY sampling period (period of A in Figure 2), different PHY filtering duration and L1 measurement report period (period of B in Figure 2) are proposed for intra-frequency and inter-frequency measurement as shown in the Table 1. If DRX is implemented the values in table 1 should be scaled according to the method defined in RRM specification. [6]
	Parameter
	Intra-Frequency
	Inter-Frequency

	PHY sampling period
	40 ms
	80 ms

	L1 filtering duration /

L1 measurement report period
	200 ms
	480 ms
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Figure 2 Measurement Procedure







Table 1 Measurement Configuration

2.4 Non-Ideal Backhaul

One of key characteristics of the small cell is increased inter-eNB communication latency due to adoption of non-ideal backhaul. The increased backhaul latency may delay handover execution time. This delay can be reflected into the admission delay (handover decision delay) as defined in TR36.839. The admission latency in TR36.839 is 50ms for handover between a macro cell and a pico cell.
With small cells deployed within macro cell’s coverage, there are five possible handover types: macro intra-eNB handover, macro inter-eNB handover, handover between a macro cell and a small cell, handover between small cells within the same cluster and handover between small cells that belong to different clusters. In this paper, the following admission latencies are proposed for each type of handovers.

· Macro intra-eNB handover latency: 4ms

· Macro inter-eNB handover latency: 50ms
· Handover latency between a macro cell and a small cell: 50ms or 100ms

· Handover latency between a macro cell and a small cell (fiber): 10ms

· Intra-cluster inter small cell handover latency: 50ms
· Intra-cluster inter small cell handover latency (fiber): 10ms
· Inter-cluster inter small cell handover latency: 100ms
· Inter-cluster inter small cell handover latency (fiber): 20ms
The values are selected considering characteristics of non-ideal backhauls captured in TR36.932.[5]
Table 2 Non-Ideal Backhauls in TR36.932

	Backhaul Technology
	Latency (One way)
	Throughput

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

	Fiber Access 2
	5-10 ms
	100-1000 Mbps

	Fiber Access 3
	2-5 ms
	50M-10 Gbps

	DSL Access
	15-60 ms
	10-100 Mbps

	Cable 
	25-35 ms
	10-100 Mbps

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


3 Proposal
Small cells have list of new aspects such as very high density, non-ideal backhaul, and inter-frequency discovery and measurement that are not studied in detail during previous mobility studies. We first need to have common evaluation model for the new aspects, so that evaluation results from companies can be trustworthy and easily compared with each other. It is proposed to capture methodologies discussed in this paper in the TR of small cell study item.
Proposal: Capture methodologies discussed in this paper in the TR of small cell study item
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