3GPP TSG RAN WG1 Meeting #66
R1-112238
Athens, Greece, 22nd – 26th August 2011

Agenda item:
6.5.1
Source:
InterDigital Communications, LLC

Title:
CoMP Phase 2 performance results
Document for:

Discussion

1
Introduction

The R11 CoMP SI will evaluate the performance of Joint Processing (JP) and Coordinated Beamforming / Coordinated Scheduling (CS/CB) based DL transmission strategies for CoMP deployment scenarios 1-4 [1].

CoMP Phase 1 performance results have been presented in RAN1#64 and 65, and initial CoMP Phase 2 performance results have been presented in RAN1#65.
In this contribution, we provide an update of our initial Phase 2 results submitted in RAN#65 [2] with realistic feedback and change due to the recent channel calibration efforts. We present CoMP Phase 2 system level simulation results for full buffer traffic and compare the performance of Joint Processing (JP) to the non-CoMP baseline in CoMP deployment scenario 4.
2
System-level evaluation

2.1
Simulation assumptions and methodology

For the purpose of this system level evaluation, the performance of full buffer traffic was simulated for CoMP Scenario 4.

The CoMP coordination area comprises 5 total Tx points, i.e. the Macro cell and 4 LPNs under coverage of that Macro cell. We use the cross-polarized antenna configuration. ABS and CRE are not configured, i.e. we compare the performance of CoMP against the R10 non-eICIC baseline.
Key aspects of the system-level simulation such as CoMP set determination, feedback scheme and scheduling algorithm are described in more detail below. Additional simulation assumptions are summarized in the Appendix.

CoMP reporting set
For each UE, the CoMP reporting set is determined by the relative RSRP level of each Tx point.
· The Tx point with the largest RSRP is selected as the serving Tx point.
· Any other Tx point i that satisfies the following condition will be added to the UE’s CoMP cooperation set:

RSRPserving - RSRPi < Threshold
Feedback scheme

The UE feedback uses realistic feedback based on R10 PMI/CQI for multiple candidate Tx points extended by a relative phase offset information between Tx points and a composite CQI for Tx points in the CoMP reporting set.
· PMI feedback: UE reports single-cell PMI for each Tx point in its CoMP reporting set. In addition, relative phase offset information between Tx points quantized to 2 bits is reported for Tx points.
· CQI feedback: UE reports a separate CQI for each Tx point in its CoMP reporting set. In addition, a composite CQI under the hypothesis of JT is reported for Tx points in the CoMP reporting set. 
Scheduler
For the CoMP JP transmission approach in Scenario 4, we apply PF scheduling in time-/frequency-domain with a local precoding based assignment strategy.
· Initialization: A list of potential JT CoMP UEs is determined according to the RSRP-based CoMP cooperation set of each UE u, denoted as Ωu.
· Step 1: Each Tx point i selects a UE u using single-cell SU-MIMO according to its PF figure of merit (the instantaneous rate weighed by the PF factors), denoted by PF(u,i).
· Step 2: Sort the list of potential CoMP UEs in the descending order of its PF figure of merit, PF(u, Ωu) and associated CoMP cooperating set. 
· Step 3: Consider potential CoMP UEs according the sorted order in step 2. A potential CoMP UE will be assigned if its figure of merit is larger than the sum of the figures of merit of non-CoMP UEs that the CoMP UE would replace. That is, a potential CoMP UE u will be assigned if 
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2.2 
Simulation results
Figure 1 shows the CDF of the normalized user throughput with different selected RSRP offset thresholds in the range from 0 to 6 dB to determine the CoMP reporting set for candidate UEs.
Cell edge and cell average throughput for these different RSRP offset thresholds and the resulting distribution of UE’s into CoMP versus non-CoMP reporting modes are summarized in Table 1.
Note that the cell average throughput shown in this table is computed as the total throughput of the entire sector, i.e. the CoMP coordination area comprised of the Macro cell plus the 4 LPNs under coverage of the Macro cell.
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Figure 1: Throughput CDF for CoMP Scenario 4 compared to the single cell transmission.
	RSRP Offset Threshold
	Percentage of UE’s reporting CoMP feedback
	Tx Schemes
	Cell Average Throughput (Mbps)
	5th percentile Cell-Edge Throughput (Mbps)

	0 dB
	0%
	Single-cell (Non-CoMP)
	86.19
	0.74

	2 dB
	7.1%
	JT
	88.71 (2.9%)
	0.82 (9.8%)

	4 dB
	15.4%
	JT
	90.93 (5.5%)
	0.83 (12.3%)

	6 dB
	21.8%
	JT
	91.52 (6.2%)
	0.85 (14.4%)


Table 1: Summary of full-buffer results in CoMP Scenario 4 using JP versus Single-cell baseline

We observe that for the evaluated case of full-buffer traffic, there is only a small gain of 3~6% in terms of cell average throughput in presence of CoMP while the cell edge performance is increased moderately by around 10~15%.
The observed relative improvement observed with JT CoMP increases when increasing the RSRP offset level thresholds in the range from 2-6 dB. This also implies a higher percentage, i.e. up to 22% for 6dB RRSP offset threshold for the CoMP UEs in the coordination area. In consequence, the associated UL feedback overhead for the CoMP UE’s also increases due to the reporting of multiple R10 PMIs, the quantized phase offsets and the composite CQI. However, already when only modest RSRP offset thresholds are configured, a significant percentage of CoMP gains become accessible. For example, for an RSRP offset threshold of only 2 dB and some 7% of total UE’s subject to CoMP, already 10% cell-edge throughput gain is observed.
3
Conclusions
In this contribution we have presented Phase 2 evaluation results for Joint Transmission CoMP in Scenario 4 compared to a R10 non-eICIC baseline using realistic R10 based feedback schemes.

For the evaluated case of full-buffer traffic and a CoMP coordination area comprising the macro cell plus 4 LPN’s, we observe only a small gain of 3~6% in terms of cell average throughput in presence of CoMP while the cell edge performance is moderately increased by around 10~15%.

Further gains with CoMP might be achievable with more flexible scheduling strategies that would support MU-MIMO with CoMP JT in the CoMP coordination area. This could be investigated in future studies.
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Appendix 
Simulation assumptions are summarized in Table 2.

Table 2: Summary of system-level simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Normalized cell average user throughput

Normalized cell edge user throughput

	CoMP deployment scenario
	Scenario 4: Heterogeneous network with intra-site CoMP

- 4 LPN’s / Pico per Macro cell

- Size of coordination area: 5 cells (1 Macro cell + 4 Pico cells)

	Simulation case
	Macro cell: ITU UMa

LPN / Pico: ITU UMi

	Tx power setting
	Macro cell: 46 dBm

LPN / Pico: 30 dBm

	Number of UE’s and placement
	30 UE’s in Macro cell area with 5 UEs per LPN/Pico, and remaining 10 UE’s dropped into Macro cell area

	System bandwidth
	10 MHz 

	DL transmission schemes
	SU-MIMO 

SU-MIMO with JP-CoMP

	Scheduler
	Proportional fair

	Impairments modelling
	None

	Network synchronization
	Synchronized

	Antenna configuration (Network)
	Macro cell: 2 (XPol)

LPN / Pico: 2 (XPol)

	Antenna configuration (UE)
	2 (XPol)

	Antenna pattern
	Macro cell: 3D

LPN / Pico: 2D

	eNB Antenna tilt
	Macro cell: 12 degrees

LPN / Pico: N/A

	Feedback scheme 
	PMI/CQI per cell/Tx point, composite CQI, and intercell phase information using QPSK modulation.  
Feedback periodicity: 10ms

Feedback delay: 6ms

	Channel estimation
	Ideal

	UE receiver
	MMSE

	DL overhead assumption
	4 subframes out of 10 have an overhead of 3 OFDM symbols (PDCCH) + 2CRS ports outside PDCCH region + DMRS.

6 subframes out of 10 have an overhead of 2 OFDM symbols for PDCCH + DMRS.

	Traffic model
	Full buffer model

	Backhaul assumptions
	Step 1: zero latency and infinite capacity (point-to-point fiber)

	Link adaptation
	Realistic 

	Modelling of out-of-coordinated area interference
	Explicit
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