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1 Introduction
This contribution presents the detailed evaluation assumptions for separate channel heterogeneous network scenario. In this scenario, FD-MIMO and FB antenna configurations are assumed only in small cell layer with directional coverage. Based on agreements as in Table 1, WF on the details assumption [1] discussed in the email reflector with considering the effect of directional coverage within a cluster (e.g. coverage overlapping, panel overlapping, etc.). In this contribution, we discuss more details about evaluation assumptions including the directional small cell dropping based on [1]. Together with the directional coverage of small cell layer, related issues such as the number of small cell, UE dropping method, cell association criteria are discussed for evaluation assumptions.

Table 1. Parameters for separate channel heterogeneous scenario
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Values

Macro cell
(only for cell association)

Small cell
(for performance evaluation)

BS antenna configurations

/Aligned with Homogeneous case

(M, N, K)=(4, 2 or4, 1 or 2), X-pol (+/-45), (dy,
dy) = (0.5A, 0.5A), FFS: By
8 TXRU with N = 4 for phase 1

UE antenna configurations

2-Rx X-pol (0/+90)

System bandwidth 10MHz (50RBs) 10MHz (50RBs)
Carrier frequency 2 GHz 3.5 GHz
Channel Model 3D-Uma 3D-Umi
Total BS Tx power 46 dBm 30 dBm
BS antenna height 25 m 10 m
Number of clusters per macro cell .
eographical area
Option-1: 10]
Number of small cells per cluster Option-2: FFS

Small cell distribution

Alt-1: See appendix (1)
Alt-2: FFS

UE distribution

UEs are indoor.

Alt-2: FFS

Alt-1: 2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and
uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80%





2 Evaluation assumptions for separate channel HetNet scenario
In separate channel scenario (non-co-channel HetNet), FD-MIMO or EBF antenna configurations are assumed for small cell layer without having interference from the macro cell layer. For the macro cell layer eNBs having legacy antenna configuration are assumed. In the separate channel scenario, evaluation is performed only for the UEs connected to the small cell layer and the legacy macro eNBs is only used for cell or inter-frequency selection process. The clustered small cell dropping has been agreed to model small cell deployments in realistic networks. However, due to the directional coverage of FD-MIMO/EBF small cell, extra attention is necessary in the modelling of small cell dropping to prevent unexpected UE situation (e.g., unrealistically high interference) during the evaluation.
2.1 Number of small cells
In the small cell enhancement study item [2], we assumed 4 and 10 small cells per cluster having the omni-directional antennas. This is to model dense small cell deployment while providing even coverage from each small cell within a cluster region. Furthermore, coordination could be apply for further mitigation of interference between small cells. Even without coordination, each small cell can have omni-directional antenna gain with uniform coverage to UE, which is not dependent on UE dropping method and the orientation from small cells. However, each FD-MIMO small cell cannot fully cover a cluster region with directional antennas that we assume in FD-MIMD and EBF SI. Depending on UE orientation angle from a small cell, UE does not experience equal signal quality from this small cell. For example, when UEs are closely placed to that cell but located in back-side of the panel, the signal quality would be quite different from what it would be from the same distance but in the front-side of the panel. This situation is more problematic when as more number of directional small cells are dropped in the same cluster region. To mitigate this problem, the minimum small cell centre to small cell centre distance can be modified to maintain full coverage and reduce interference between small cells in a cluster from what we used in SCE SI [2]. The method can be easily applied for the case of 4 small cells per cluster since the impact of directional antennas is less but further study is needed for application to 10 small cells.
2.2 Small cell dropping

In Figure 1(a), clustered small cell dropping that we assumed in SCE is illustrated. N small cells are dropped with 50m radius with minimum 20m between small cells within a cluster. If we simply reuse this model for directional antenna, 4 small cells can be dropped in non-uniform manner within different directivity. Such a small cell dropping would increase the probability of low geometry for UEs in upper-right region of the cluster as shown in Figure 1(b). To place small cells in a cluster in a more uniform manner, one option is to increase the minimum distance between small cell centre to small cell centre as shown in Figure 1(c). For example, with 30m minimum distance, each small cell is placed more evenly in the cluster and less interference generated from directional antennas.
In [1], shifting small cell antenna from small cell centre to edge with random orientation is proposed as shown in Figure 1(c). However, this may introduce more severe interference depending on small cell orientation. Further, it violates minimum small cell antenna to small antenna distance after shifting. By increasing the minimum small cell centre to small cell centre distance, the impact of shifting may be limited and will satisfy minimum small cell distance as shown in Figure 1(c). 
Based on these observations, we can have two alternatives for small cell dropping model. Alterative 1 can use small cell antenna shifting with minimum antenna distance and alternative 2 can satisfy same results without shifting.

Alt1:

· Drop small cell center with considering small cell center to small cell center distance (e.g. >=20m)
· Shifting small cell antenna location with random orientation to small cell edge with considering minimum distance between small cell antenna to small cell antenna (e.g. 20m)

Alt2:

· Drop small cell center with considering small cell center to small cell center distance (e.g. >=30m)
· Calculate random orientation of small cell 
For small cell to UE distance, 5m distance is used in [1][2] to drop UEs within small cell area but the pathloss model for 3D UMi is only valid between 10m to 5000m in [3]. Therefore, whether a minimum distance of 5m can be used for the pathloss model in [3] needs to be further verified. Alternatively, if larger spacing between small cells is applied, the coverage of each small cell would be increased and 10m minimum distance between small cells to UE seems acceptable.
To prevent overlapping of clusters, the minimum distance between cluster can be changed from 2*Radius for small cell dropping in a cluster to 2*Radius for UE dropping in a cluster. Table 2 is the summary of proposal for small cell dropping 
In case of 10 small cells, it is hard to increase the minimum small-small cell centre distance to drop cells within 50m radius. If this minimum distance is increased, the average distance between small cells in a cluster should be around 20m and there would be fewer regions for UE drop within a 10m distance.

· Proposal

· Consider small cell dropping model which prevent overlapping the coverage between small cells 

· Alt1 or Alt2 can be considered

· Use parameters in Table 2
· Table 2. Parameters for clustered directional small cell dropping
	Parameter
	Value

	Radius for small cell dropping in a cluster
	50

	Small cell center-small cell center
	20m for 4 small cell (Alt1)

30m for 4small cell (Alt2) 

	Small cell-UE
	10m

	Macro- cluster center
	105m

	Cluster center-cluster center
	2*Radius for UE dropping in a cluster

	Small-small cell antenna
	20m
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(a) Cluster small cell dropping in [2]
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Figure 1. Small cell dropping for cluster based model
2.3 UE dropping model
In the separate channel scenario, macro cell layer is used for inter-frequency/cell selection and only small cell layer will be involved for performance evaluation. If we do not need to care about UEs in macro layer, it seems there is no need to drop UEs in outside of small cell clusters. However, since UEs slightly outside of the cluster region can be served by clusters as a result of random shadowing, the locations on which the UEs are dropped should be slightly larger than the cluster region.

Another issue of UE dropping is indoor distance. Based on [3], indoor UE has two components to calculate the distance between cells to UE: one for outside distance and the other for indoor distance. Each indoor UE randomly select the indoor distance between 0 to 25m and UE can be move out of cluster even if we drop UEs inside of the cluster. 
To prevent this issue, one alternative is to drop indoor UEs on the cluster region where the radius for UE dropping can be larger than small cell cluster. 
· Proposal

· Drop 100% UEs in [X] m radius from the cluster centre
· FFS for radius for UE dropping in a cluster
2.4 Cell selection criteria

Based on proposals for small cell dropping with the given number of small cells, cell selection ratio between small cell layer and macro layer can be changed with different RSRP offset value and down-tilting value applied for small cells. In Table 3, we evaluate initial cell association results with different down-tilting and RSRP offset values with 4 small cell. The results shows that 60~72% of UEs can be connected to small cell layer with reasonable bias range (0 – 6 dB), It is noted that some UEs in cluster can have best RSRP from macro cell in case of cluster in near macro area or UE has LOS from macro cell but NLOS from small cell. Based on initial results, 0dB RSRP bias might be acceptable with 102 down tilting angles.
For 10 small cell, it is true that UE experience more interference in the cluster and it reduce geometry of UE in small cell layer. Depending on applied RSRP values for cell selection, extremely low geometry UE can be associated with small cell layer and this kind of effect should be further considered for selecting small cell and UE dropping model for 10 small cells.

Table 3. Results for cell association ratio (4 small cell)
	
	RSRP offset
	Down tilting
	Small  cell ratio
	Macro cell ratio

	Assumption in [1]
	0
	102
	48%
	52%

	Proposal
	0
	100
	58.5%
	41.5%

	
	0
	102
	60%
	40%

	
	0
	104
	59%
	41%

	
	3
	102
	65%
	35%

	
	6
	102
	72%
	28%


· Proposal for 4 small cell
· RSRP for intra-frequency and inter-frequency, with cell common bias.
· [0] dB for CRE bias with [102] down-tilting
3 Conclusion
We discussed UE dropping and small cell dropping for evaluation of separate frequency heterogeneous scenario. The followings are proposed for evaluation assumptions:
· Proposals for separate frequency Hetnet scenario
· For 4 Small cell dropping: 
· Consider small cell dropping model which prevent overlapping the coverage between small cells 

· Alt1 or Alt2 can be considered

· Use parameters in Table 2
· Drop 100% UEs in [X] m radius from the cluster centre
· FFS for radius for UE dropping in a cluster
· Cell selection criteria: RSRP for intra-frequency and inter-frequency, with 0dB cell common bias and 102 down-tilting
· Considerations for 10 small cell

· Minimum distance between small cell to UE

· Method for selecting small cell orientation and centre without having sever interference in cluster

· RSRP value to prevent low geometry UE severed in small cell layer

References
[1] 3GPP R1-144507, “WF on Remaining Issues on HetNet Scenario With Separate Frequency Bands”, Docomo and NEC
[2] 3GPP TR36.872, “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects”
[3] 3GPP TR36.873, “Study on 3D channel model for LTE”.
PAGE  
3

[image: image1]