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1. Introduction

At the RAN1 #78bis meeting, there were intensive discussions on the application scenarios for elevation BF and FD-MIMO and homogeneous and the heterogeneous network scenarios were agreed with the same priority [1]. In addition, discussion of the detailed evaluation parameters for each of the scenarios were initialized. Subsequently, an e-mail discussion was conducted in order to determine further details of the evaluation assumptions for HetNet scenario using different frequency bands [2]. In this contribution, we provide our views on the remaining details on HetNet scenario using different frequency bands.
2. Modeling of Small Cell and UE Deployment
2.1 Modeling of Small Cell Deployment
At the RAN1 #78bis meeting and subsequent e-mail discussion, there were several agreements on major evaluation assumptions for heterogeneous network scenario with different frequency bands [1, 2]. Fig. 1 shows the image of the clustered deployment of small cells. A small cell cluster is randomly dropped in each of the macro cell with the ISD of 500 m. The number of small cells is 4 with the necessity of 10 as FFS. There are two major remaining parameters to be determined. One is the radius for small cell center dropping in a small cell cluster, RC, the other is minimum distance between small cell area centers, DSCC.
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Figure 1. Image of the clustered deployment of small cells
In addition, it was agreed that small cell antennas in clusters is deployed based on the following procedure.
· Step 1: Randomly drop small cell centers around the small cell cluster center within a radius of RC; and consider the minimum distance between small cell centers (DSCC).

· Step 2: Randomly deploy small cell antennas on area circle with the radius of DSCC/2.

· Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center.
In the following, we present our view on the optimum values for RC and DSCC.

· Radius for small cell center dropping in a small cell cluster (RC)
One major motivation for 3D MIMO operation in small cell layer is to obtain a progressive capacity gain for heavy traffic areas such as a station platform, station square, shopping street and stadium, etc. This case differs from other 3D MIMO scenarios in terms of the smaller distance between small cell and UE. This means that this scenario highly differs from other scenarios in terms of the larger angular spread of multi-path channel, higher LOS ratio and larger vertical anglar splead of UEs, etc. Considering the typical size of the clusters such as station square, RC can be small such as 50 m, i.e., diameter of 100 m.
Proposal 1: RC is 50 m for heterogeneous network scenario for different frequency.
Here, in the e-mail discussion, some companies presented their concern that the clustered distribution, i.e., smaller RC, results in larger inter-cell interference. However, even if two small cells are very close to each other, aperture for each of the planar antenna faces to each of the small cell area center as described in step 3 of agreed procedure of small cell deployment (apertures face to opposite directions in principle, if two planar antennas are placed at almost same location), as shown in Fig. 2. In addition, considering the minimum distance between small cell and UE, 10 m, the interference level from the neighbouring cell becomes much smaller, even when two small cells are very close to each other. Furthermore, geometry performance for small cell UEs show feasible cell-edge level, note that there are some original assumptions as clarified in [3]. We also believe that this kind of multi-sectored small cell deployment is also likely for the real deployment.
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Figure 2. Close deployment of small cells
Observation 1: Impact of inter-cell interference is not severe considering the modeling of the small cell deployments and the characteristic of directional antenna.
· Minimum distance between small cell area centers (DSCC)
Optimum value of DSCC highly depends on RC and the number of small cells per cluster. Figs. 2 show the impact of DSCC to the small cell coverage with the assumptions for RC of 50 m and the number of small cells per cluster of 4.
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    (a) DSCC = Approx. 20 m               (b) DSCC = Approx. 40 m           (c) DSCC = Approx. 70.7 (=
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Figure 3. Impact of DSCC to the small cell coverage

(Assumptions with RC = 50 m and the number of small cells per cluster of 4)

Generally, small cells should totally cover in small cell cluster area, considering the realistic deployment scenario for clustered small cells. If DSCC is relatively small, such as in Fig 3 (a), small cell cluster area is not fully covered by small cells. More specifically, red-colored UEs are outside the range of small cells. In addition, yellow-colored UE suffers from strong inter-cell interference due to small DSCC. On the other hand, if DSCC is relatively big, such as in Fig 3 (c), center of the small cell cluster area becomes outside of the range. In addition, most of the small cell coverage becomes outside of small cell clusters. Considering the discussion above, value for DSCC should be intermediate such as 40 m, which is same as the minimum distance of pico-cells assumed in TR36.814. 
Proposal 2: DSCC is 40 m, when the number of small cells per cluster is 4.
2.2 Modeling of UE Distribution
Followings show the agreements on the UE distribution in the last meeting [1].
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For Alt. 1, UEs are distributed both of the macro and small cell layers. In this case, UPT performance for small cell layer highly depends on UE association and it is likely to lead to diversed simulation results among companies, in which individual assumption, e.g., RSRP (RSRQ) offset, is applied. One possible solution is to introduce common offset value. However it requires additional workload for the optimization, which can be conducted in conjunction with the optimization of the tilting angle for small cells and performance on macro layer. Another possibility is that we assume that all UEs are distributed around small cells and all of them connect to small cells. Considering the possible drawback and the possible workload for Alt. 1, it can be beneficial to consider that all UEs are dropped around small cell clusters.

Observation 2: All UEs can be dropped around small cell cluster center.
Figs. 4 show the possible UE dropping schemes in small cell layer. In Fig. 4 (a), UEs are dropped within the clusters as agreed in Alt. 1. For the Alt. 1, the radius of the UE dropping cluster, RUE, 1, should be clarified. Considering that the small cell area can be outside of the small cell cluster circle, RUE, 1 should be larger than RC. For instance, RUE, 1 can be 70 m, if RC is 50 m, which is also aligned to the assumption for SCE study. Here, for Alt. 1, some UEs, colored in red in Fig. 4 (a), are located outside of the small cell area and they can potentially be connected to macro cell. To avoid this issue, UEs can be distributed in front of the small cells as shown in Fig. 4 (b). For this case, RUE, 2 should be determined considering the realistic coverage of small cell.
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         (a) Around the small cell cluster center                                    (b) Within small cell areas
Figure 4. Modeling of UE distribution around small cells
Observation 3: Radius for UE dropping in a UE cluster, RUE, 1, should be clarified, if Alt. 1 is adopted. RUE, 1 should be larger than RC. RUE, 1 can be 70 m, if RC is 50 m.
Observation 4: All UEs can be dropped in the small cell area considering the coverage of small cells.
2.3 Remaining Parameters for Phase 1 and Phase 2 Evaluations
Table 1 shows the proposed assumptions for HetNet scenario with different frequency bands. Major assumptions follow the agreements for homogeneous network scenario [1, 4]. For the traffic model, we prioritized relatively higher traffic case considering the super-dense distribution of UEs, which is considered to be one major application scenario for HetNet with different frequency. The downtilt angle for the small cells should be studied after eNB deployment and UE distribution are determined.
Table. 1: Assumptions for HetNet Scenario with Different Frequency Bands
[image: image7.emf]Parameter

Values

Macro cell

(only for cell association)

Small cell

(for performance evaluation)

Phase 1 and 2

Traffic model Mandatory: FTP Model 1 with packet size 0.5 Mbytes (medium ~50 % RU*, high ~70 % RU), 

the number of UEs is variable and according to desired load for bursty

Optional: Full buffer, medium ~20 % RU 

Downtilt angle Aligned with homogeneous case FFS

UE speed 3 km/h

Wrapping method Mandatory: Geographical distance based, Optional: Radio distance based

Handover margin 3 dB

Polarized antenna modeling Model-2 from TR36.873

UE array orientation Ω

UT,a 

uniformly distributed on [0,360] degree, Ω

UT,b

= 90 degree, Ω

UT,g

= 0 degree

UE antenna pattern Isotropic antenna gain pattern A’(θ’,ф’) = 1

Receiver  Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 

12 [71-12] assumptions

LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

Metrics Mean, 5%, 50% UPT

Phase 1 only (Reuse p. 5 and 6 in [4] with the following updates)

eNB antenna configuration Aligned with homogeneous case (M, N, P) = (4, 4, 2), M

TXRU

= 1

Transmission scheme TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

CSI-RS, CRS CSI-RS 1-1 mapping to TXRU, only CRS port #0 is modeled for UE attachment, CRS port #0 

is associated with the first column with +45 deg. pol, CRS port #0 to TXRU mapping is ideal 

and given by [1, 0, 0, 0, 0, 0, 0, 0]


Proposal 3: Table 1 is used for evaluation parameters for phase 1 and phase 2 evaluations for Heterogeneous network scenario using different frequency band.
3. Summary

In this contribution, we provide our views on the remaining details on HetNet scenario using different frequency bands. Based on the discussion, we have the following proposals and observations:
Observation 1: Impact of inter-cell interference is not severe considering the modeling of the small cell deployments and the characteristic of directional antenna.

Observation 2: All UEs can be dropped around small cell cluster center.

Observation 3: Radius for UE dropping in a UE cluster, RUE, 1, should be clarified, if Alt. 1 is adopted. RUE, 1 should be larger than RC. RUE, 1 can be 70 m, if RC is 50 m.

Observation 4: All UEs can be dropped in the small cell area considering the coverage of small cells.
Proposal 1: RC is 50 m for heterogeneous network scenario for different frequency.

Proposal 2: DSCC is 40 m, when the number of small cells per cluster is 4.

Proposal 3: Following table is used for evaluation parameters for phase 1 and phase 2 evaluations for Heterogeneous network scenario using different frequency band.
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Values

Macro cell

(only for cell association)

Small cell

(for performance evaluation)

Phase 1 and 2

Traffic model Mandatory: FTP Model 1 with packet size 0.5 Mbytes (medium ~50 % RU*, high ~70 % RU), 

the number of UEs is variable and according to desired load for bursty

Optional: Full buffer, medium ~20 % RU 

Downtilt angle Aligned with homogeneous case FFS

UE speed 3 km/h

Wrapping method Mandatory: Geographical distance based, Optional: Radio distance based

Handover margin 3 dB

Polarized antenna modeling Model-2 from TR36.873

UE array orientation Ω

UT,a 

uniformly distributed on [0,360] degree, Ω

UT,b

= 90 degree, Ω

UT,g

= 0 degree

UE antenna pattern Isotropic antenna gain pattern A’(θ’,ф’) = 1

Receiver  Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 

12 [71-12] assumptions

LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

Metrics Mean, 5%, 50% UPT

Phase 1 only (Reuse p. 5 and 6 in [4] with the following updates)

eNB antenna configuration Aligned with homogeneous case (M, N, P) = (4, 4, 2), M

TXRU

= 1

Transmission scheme TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

CSI-RS, CRS CSI-RS 1-1 mapping to TXRU, only CRS port #0 is modeled for UE attachment, CRS port #0 

is associated with the first column with +45 deg. pol, CRS port #0 to TXRU mapping is ideal 

and given by [1, 0, 0, 0, 0, 0, 0, 0]
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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 % UEs are indoor.


Alt. 2: FFS.
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