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Introduction

The baseline assumptions for CoMP evaluation have been revised at 3GPP RAN1#63bis meeting [1] and the Phase 1 evaluation of CoMP schemes in homogeneous network with high Tx power RRHs (Scenario 2) has been started [2]. In this contribution we provide preliminary simulation results of the downlink SU MIMO CS/CB CoMP schemes for the Scenario 2.
1. Description of CoMP evaluation
The system level performance analysis of CoMP schemes with centralized scheduling is provided in this document for CS/CB CoMP category and full buffer traffic model. For the system level performance evaluation a Release-10 network with spatial domain downlink CoMP and SU-MIMO transmission mode (maximum rank 2) were used. The cell layout for simulations is assumed to be a hexagonal grid, with 19 eNBs and 3 cells per each site with wrap-around. UEs were uniformly distributed in the simulations across all 57 cells. 
Two antenna configurations at eNB are considered: cross-polarized with 0.5 λ spacing between antenna group (X X) and co-polarized with 0.5 λ antenna spacing (| | | |). When certain antenna configuration is applied at eNB the same antenna configuration is used for UE. The propagation model used in the simulation corresponds to the 3GPP Case 1 scenario as specified in [1] with angle spread 15 degrees. Additionally 3GPP Case 1 scenario with angle spread 8 degrees was simulated to understand the impact of the propagation characteristics on the CoMP performance. 
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Figure 1: Cell layout for CoMP schemes with coordination across 9 neighboring cells
For each UE a CoMP measurement set consists of serving cell and a maximum of one interfering cell from the nine cell cluster as shown in Figure 1. The cell is activated for the measurements when the path gain of the cell (obtained from RSRP measurement) exceeds outer interference power level (sum of interference power level from the remaining cells). 
It is assumed that all UEs report the conventional MIMO feedback (CQI, RI and PMI to the serving cell) assuming no coordination. The UEs which are configured in CoMP mode additionally feedback to the serving cell the PMI approximating the principal eigen-vector of the activated interfering cell and CoMP CQI assuming coordination with this cell. For CS/CB CoMP the PMI report of interfering cell is restricted to rank-1. The CoMP and non CoMP reports are time division multiplexed with each other. For UEs configured in CoMP mode, the duty cycle of the conventional non CoMP and CoMP reports is doubled comparing to non CoMP UEs to maintain the similar overhead due to uplink control information feedback.
The CSI-RS and PDSCH muting patterns for each cell within the cluster were assigned according to Figure 2. The rectangular elements in Figure 2 marked by different colors correspond to the REs occupied by the CSI-RS of each cell. The crossed rectangular elements indicate the muted REs of each cell. The overhead due to PDSCH muting in this configuration is less than 1%. For each TX antenna, a CSI-RS power boosting of 3 dB over the PDSCH is applied, i.e., no additional power boosting is applied due to PDSCH muting.
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Figure 2: CSI-RS and PDSCH muting patterns for three cooperating cells

The serving and interfering channels from cooperating cells were estimated from the CSI-RS, while the outer interference noise is assumed to be perfectly known at the UE. Practical channel estimation is calculated using explicit link level channel measurement procedures on CSI-RS which were incorporated into the system level simulation platform [3]. A channel measurement is conducted on the block of 5 PRBs by using MMSE filtering. The example of a channel measurement at the UE for three neighboring cells is shown in Figure 3. Three channel realizations corresponding to three neighboring cells are marked with different colors. The dotted and solid line curves show the amplitude of the actual and estimated channel realizations between the first transmit antenna and first receive antenna, respectively.
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Figure 3: Example of channel measurements from different cells

For scheduling of the users in nine cells of the same cluster a simple iterative scheduling algorithm is considered. The scheduling algorithm assigns a group of UEs (one for each sector in the cluster) to the scheduling quantum (5 PRBs) according to the maximum sum of the proportional-fair metrics across the cells of the cluster.
Step 1: Calculate the proportional fair metric for each UE using CoMP CQI if UE is configured in CoMP mode and conventional CQI when UE is not configured in CoMP mode.

Step 2: For each cell within the cluster select the UE which has the best proportional fair metric. 
Step 3: Calculate the beamforming vectors for every cell in the cluster assuming that co-scheduled users in other cells were selected in Step 2. Update the proportional fair metric for each user in the cell assuming the calculated beamforming vectors.

Repeat Steps 2-3 until maximum number of iterations is reached. Select the iteration providing the maximum of proportional metric for the entire cluster.
The remaining simulation assumptions are given in Table 1.
Table 1: Simulation parameters
	Cell layout
	Hexagonal grid, 19 eNBs, 3 cells per site

	Inter-site distance
	500m

	Propagation model
	3GPP Case 1 (150 and 80 angle spread)

	UE speed
	3 kmph

	Antenna pattern
	3D

	Downlink transmit power
	46 dBm

	UE antenna gain
	0 dB

	UE noise figure
	9 dB

	Thermal density
	-174 dBm

	Carrier frequency
	2 GHz

	Frame structure
	Type 1

	Transmission bandwidth
	10 MHz (50 PRBs)

	Subframe length
	1 ms

	Number of transmit antennas at the cell
	4

	Number of UEs
	10

	Number of receive antennas at the UE
	2

	CSI-RS channel measurement 
	practical

	Backhaul link latency
	0

	Outer Loop LA target BLER
	10%

	UE receiver
	Interference unaware MMSE [4]

	Feedback mode
	wideband PMI, subband CQI

	Feedabck delay 
	10 msec

	Number of OFDM symbols for PDCCH
	L=3


	Traffic model
	Full buffer

	Time and frequency synchronization
	Perfect

	Beamforming
	QR [5]


2. Preliminary evaluation results

A comparison of the user throughput CDFs for maximum rank-2 transmission is shown in Figure 5 for the 3GPP Case 1 (150 angle spread) scenario with cross polarized antenna configuration. It can be seen from Figure 5 hat the relative performance improvement due to CoMP CS/CB is not significant in this propagation configuration.
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Figure 4: User throughput for CoMP CB/CS schemes with maximum rank-2 beamforming in 3GPP Case 1 (150 AS) scenario with cross polarized antenna configuration
A comparison of the user throughput CDFs for maximum rank-2 transmission is shown in for the 3GPP Case 2 (80 angle spread) scenario with co polarized antenna configuration. It can be seen that the relative performance improvement due to CoMP CS/CB is more remarkable in this propagation configuration.
[image: image8.emf]0 0.5 1 1.5 2 2.5 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

User Throughput, Mbps

CDF

4x2 SU-MIMO, ||||->||, Max Rank-2 , Codebook based, Pract Ch. Meas., 3GPP Case-1 (8

0

AS)

 

 

no-CoMP

CS/CB CoMP


Figure 5: User throughput for CoMP CB/CS schemes with maximum rank-2 beamforming in 3GPP Case 1 (80 AS) scenario with co polarized antenna configuration
The average performance results (average and cell edge user SE) in 3GPP Case 1 (150 angle spread), XX->X antenna configuration and 3GPP Case 1 (80 angle spread), ||||->|| are summarized in Table 2 and Table 3 respectively.
Table 2: 3GPP Case 1 (150Angle Spread), XX->X antenna configuration
	#
	Scenario
	Avg. Cell SE,

bps/Hz
	Avg. Cell Throughput, Mbps
	Cell-Edge User SE, bps/Hz

	1
	w/o CoMP
(w/o PDSCH muting)
	2.10 (-7.5%)
	10.50
	0.053 (-14.5%)

	2
	w/o CoMP
(w PDSCH muting)
	2.27 (0 %)
	11.36
	0.062 (0 %)

	3
	CS/CB CoMP
(w PDSCH muting)
	2.35 (+3.5%)
	11.75
	0.064 (+3.2 %)


Table 3: 3GPP Case 1 (80Angle Spread), ||||->|| antenna configuration
	#
	Scenario
	Avg. Cell SE,

bps/Hz
	Avg. Cell Throughput, Mbps
	Cell-Edge User SE, bps/Hz

	1
	w/o CoMP
(w/o PDSCH muting)
	2.06 (-6.3%)
	10.30
	0.062 (-16.2%)

	2
	w/o CoMP
(w PDSCH muting)
	2.20 (0 %)
	10.98
	0.074 (0 %)

	3
	CS/CB CoMP
(w PDSCH muting)
	2.35 (+6.8 %)
	11.75
	0.082 (+10.8 %)


The following observations can be made:

· Release 10 non CoMP scenario with PDSCH muting has better performance than non CoMP scenario without PDSCH muting and therefore should be considered for performance comparison
· The SU MIMO CS/CB CoMP gains in the baseline propagation scenario (3GPP Case 1, 150 angle spread) with cross-polarized antennas are marginal (3.5% for average cell throughput, 3.2% for average cell edge spectral efficiency)

· The SU MIMO CS/CB CoMP gains in the additional propagation scenario (3GPP Case 1, 80 spread angle) with co-polarized antennas are more remarkable (6.8% for gain for average cell throughput, 10.8% for average cell edge spectral efficiency) 

Conclusions:

A system level performance analysis of downlink SU MIMO CS/CB CoMP category with centralized scheduling and full buffer traffic model was presented in this document. The simulation parameters used for system level performance evaluation follow the 3GPP assumptions specified in [2]. The preliminary results show that the Release 10 with PDSCH muting shows better performance than non CoMP scenario without PDSCH muting and therefore should be considered for performance comparison. Comparing to Release 10 with PDSCH muting the average performance improvement for SU-MIMO CS/CB CoMP is marginal for baseline Scenario 2 and more remarkable for modified Scenario 2 with lower angle spread at the eNB and co polarized Tx antennas.
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� The results account 31% overhead due to PDCCH, CRS and DM-RS





_1358271039.vsd

