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1 Introduction

In RAN#51 meeting, the study item on DL MIMO enhancement for LTE-Advanced [1] was approved.  Four scenarios were proposed for performance evaluation with descending priority in [2], which are

· Scenario A: Network with low power RRHs for both outdoor and indoor within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (CoMP Scenario 4).
· Scenario B: Network of only small cells for both outdoor and indoor where the small cells have different cell IDs.
· Scenario C: Network of only low power RRHs for both outdoor and indoor where the transmission/reception points created by the RRHs have the same cell IDs.
· Scenario D: Small cells in heterogeneous deployment for both outdoor and indoor coverage (CoMP Scenario 3 with no inter-cell coordination) where low-power RRHs in macrocell coverage area have different cell IDs from the macro cell.
Scenario A and D were already defined in [3]. However, there were no detail descriptions of scenario B and C. In this contribution, two small cell layouts are proposed to capture the scenarios B and C. Detailed descriptions are presented in the aspects of topology, coordination area and simulation assumptions.

2 The regular layouts for Scenario B and Scenario C

In small cell scenarios, serving area is covered by several points with low transmission power. Each point provides coverage only over a portion of the total area. There is no overlay between different points, compared with the heterogeneous network. As seamless coverage is required in small cell scenarios, it is impossible to randomly allocate transmission point such as the LPN in HetNet. Therefore regular layout for small cell deployment should be provided for further study. In [4], the hexagonal layout with ISD = 200m was used for small cell deployment.

Small cells are usually deployed to improve system capacity in the urban area, where legacy macro points are already installed and new sites are hard to obtain. As pointed in [5], both low power eNodeBs and RRHs can create small cells. Therefore, it is beneficial to investigate small cell scenarios where as many as previous macro sites can be reused and the transmission power of points at macro sites should be smaller accordingly. In this contribution, two layouts are proposed in Figure 1 and Figure 2 (called layout1 and layout2 resp. hereinafter). In addition to the macro sites defined in 3GPP case 1, one or two transmission points are inserted in each hexagonal area.
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Figure 1 Layout for 2 transmission points per hexagonal area
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Figure 2 Layout for 3 transmission points per hexagonal area

In both Figure 1 and Figure 2, each black node denotes the original macro site and grey nodes denote the added transmission point. The 120 sectorized antenna is assumed for all antennas. The number of transmit antennas on each transmission point can be 1, 2, 4 or 8. The ISD between two original macro sites is 500m. The previous macro sites can be reused and the number of additional sites can be reduced.

In Figure 1, the hexagon is the same as the original macrocell coverage. One transmission point is added per hexagonal area. Take the hexagon marked with blue color for example; the added transmission point is located at the opposite corner of the hexagon of 333m distance from the original macro site. The arrows in the figure denote the boresight of each transmission point, which points to each other within each hexagonal area. 

In Figure 2, two additional transmission points are added within each hexagon area. These two transmission points and the transmission point at the macro site are located at the three corners of the hexagon. The distance between two adjacent transmission points is 289m. The boresight of antennas within each hexagon area points to the same point, which is the center of the hexagon.

Proposal 1: It is beneficial to investigate small cell scenarios where as many as previous macro sites can be reused but the transmission power should be smaller accordingly. Two nodes per hexagonal area are of high priority (layout1).
3 Coordination area

The transmission points within each hexagonal area shown in Figure 1 and Figure 2 can be configured with the same cell ID or different cell IDs. 

For distributed antennas cases (scenario C), the points within the hexagonal area with 2 (resp. 3) points can be configured with the same cell ID for layout1 (resp. layout2). The starting point of the coordination area can be one hexagonal area with 2 (resp. 3) points, and also three hexagonal areas having the same macro site with 6 (resp. 9) points can be considered for layout1 (resp. layout2). Note that the same coordination areas naturally also apply to scenario B where the points in the coordination area have different cell IDs.
Proposal 2: For distributed antennas configuration (scenario B and C), the coordination area can be either one hexagonal area or three hexagonal areas having the same macro site.

4 Additional Simulation assumptions

Two baselines can be used for performance comparisons.

1. Small cells without coordination (cell splitting)

All points on the layouts in Figure 1 and Figure 2 are configured with different cell IDs. They function independently with no coordination. Each UE is served by only one transmission point at a given time. It is the same as the scenario B in terms of topology and cell assignment.
2. CAS with the same total number of transmit antennas in one sector

CAS (Centralized Antenna Systems) refers to a system where all antennas in one cell are co-located at the macro site. The number of antennas at the macro site is equal to the total number of antennas of all points in the same area in the case with distributed antennas. MU-MIMO should be used in the baseline in order to keep the same multiplex gain with the small cell scenario.

Detailed simulation assumptions can be referred to the appendix and other not mentioned assumptions can be found in CoMP evaluation [6]. Although the ISD in the proposed scenarios is 500m, which is larger than 200m in UMi, the points distribution in the hexagon actually decreases the distance between the closest transmission point and the UE. Therefore, it is suggested to use the ITU UMi channel model for all the points, since there is no macrocell coverage.

Proposal 3:  CAS (Centralized Antenna Systems) with the same total number of transmit antennas in one sector can also be used as a baseline.

Proposal 4:  It is suggested to use the ITU UMi channel model for all the points.
5  Conclusions
In this contribution, two layouts are proposed to capture the deployment scenarios B and C in DL MIMO SI. 

Proposal 1: It is beneficial to investigate small cell scenarios where as many as previous macro sites can be reused but the transmission power should be smaller accordingly. Two nodes per hexagonal area are of high priority (layout1).

Proposal 2: For distributed antennas (scenario B and C), the coordination area can be either one hexagonal area or three hexagonal areas having the same macro site.

Proposal 3:  CAS (Centralized Antenna Systems) with the same total number of transmit antennas in one sector can also be used as a baseline.

Proposal 4:  It is suggested to use the ITU UMi channel model for all the points.
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Appendix
	Deployment scenarios
	· For Scenario C, coordination area includes:
- 1 hexagonal area with 2 (or 3) points as starting point
- 3 hexagonal area having the same macro site with 6 (or 9) points

· 2 (or 3) points within the hexagonal area can be configured with the same cell ID.
· Benchmark is the CAS with 500m ISD and non-CoMP Rel. 10 eICIC framework with the different cell ID.

	Channel models
	ITU UMi for all points

	Number of UEs per cell
	10 for 2 transmission points per hexagonal area; 15 for 3 transmission points per hexagonal area.

	TX power (Ptotal)
	30 dBm and 37 dBm in 10MHz carrier

	Backhaul assumptions
	Transmission points within a hexagonal area are assumed to be point-to-point fiber with zero latency and infinite capacity.



