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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 ([2]-[10]).
In this contribution, we present initial CoMP Phase 2 system-level simulation results for full buffer traffic. We compare the performance of Joint Processing (JP) to the non-CoMP R10 eICIC baseline case in CoMP deployment scenarios 3 and 4.
The performance of both R-ZFBF and SLNR based scheduling is evaluated. In order to evaluate the potential for CoMP JP gains independently from any gains available through a different than R10 UE feedback design, we first compare R10 eICIC performance to CoMP JP in Scenario 4 using CDI-based feedback at a fixed delay.
2
System-level evaluation

2.1
Evaluation assumptions and methodology

We compare gains for JP CoMP Scenario 4 to the R10 eICIC baseline using the heterogeneous network setup in CoMP Scenario 3 where the low-power nodes (LPN’s) and the Macro cell have different Cell ID’s.

For the R10 eICIC baseline investigation, we assume 0 dB cell bias for range expansion.
For the CoMP JP transmission approach in Scenario 4, we assume Greedy PF scheduling in time-/frequency-domain in conjunction with both cases of an SLNR and a Regularized ZFBF (R-ZFBF) [11] global precoding based assignment strategy. The trade-off between mean UE normalized and cell-edge throughput is evaluated for different settings of the PF coefficient.

The scheduler executes assignments over 9 sub-bands per cell every TTI. For the global precoding based JP transmission approach in this evaluation, the Macro cell and the 4 LPN’s per Macro cell are considered as one super cell with an aggregate 10 antenna ports. There exists 21 such super cells for the deployment grid. The maximum MU-MIMO rank for the super cell is therefore 10 for each subband, i.e. up to 10 UE’s may be co-scheduled. A UE can only be scheduled to a maximum of 1-layer transmission. For each drop, a fixed percentage of UE’s are dropped into the LPN coverage area, with the remainder being dropped into the Macro cell. 
In order to evaluate the potential for CoMP JP gains independently from any gains available through a different from R10 UE feedback design, we first compare R10 eICIC performance to CoMP JP in Scenario 4 using perfect channel knowledge assuming a fixed delay. For both the R10 eICIC baseline and the JP transmission strategy, ideal Channel Direction Information (CDI) feedback is assumed. In both cases, link adaptation is assumed to be ideal. The R10 eICIC baseline evaluation exhaustively evaluates all UE pairings. The JP evaluation results use a Greedy PF UE pairing scheduler.
A more detailed description of the scheduling approach taken is provided in the Appendix. Simulation assumptions are summarized in Table 1.
	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 per LPN / Pico each, and remaining 10 UE’s dropped into Macro cell area

	System bandwidth
	10 MHz / 50 RB’s

	DL transmission schemes
	SU-MIMO / MU-MIMO with R10 eICIC
SU-MIMO / MU-MIMO with JP

	Scheduler
	Greedy PF in TD/FD (fairness exponent varied)

SLNR and R-ZFBF based precoding with greedy scheduling

	Impairments modelling
	None

	Network synchronization
	Synchronized

	Antenna configuration (Network)
	Macro cell: 2 (Co-Pol)
LPN / Pico: 2 (Co-Pol)

	Antenna configuration (UE)
	2 (Co-Pol)

	Antenna pattern
	Macro cell: 3D
LPN / Pico: 2D

	eNB Antenna tilt
	Macro cell: 15 degrees
LPN / Pico: N/A

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	SU-MIMO / MU-MIMO with R10 eICIC and JP: CDI

Feedback periodicity: 10ms

Feedback delay: 6ms

	Channel estimation
	Ideal

	UE receiver
	MMSE

	DL overhead assumption
	3 OFDM symbols for DL CCHs

2 CRS ports
2 REs/RB for CSI-RS per Tx point (LPN/Macro)

12 REs/RB for DM-RS (for eICIC baseline); 24 REs/RB for DM-RS (for CoMP Scenario 4)

	Traffic model
	Full buffer model

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

	Link adaptation
	Ideal

	Modelling of out-of-coordinated area interference
	Explicit


Table 1: Summary of system-level simulation assumptions
2.2
Evaluation results

Figure 1 shows the resulting PDF distribution of co-scheduling assignments per sub-band over the coordination area. Figure 2 shows the CDF of the normalized cell user throughput. As shown in Figure 2, there is a notable gain achieved by JP CoMP for user 5th and 10th  percentile throughput figures.Cell edge and mean normalized user throughput are summarized in Table 2.
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Figure 1: Co-scheduling PDF for CoMP Scenario 4 with JP (PF exp = 1)
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Figure 2: Throughput CDF for CoMP Scenario 4 when compared to the R10 eICIC baseline (PF exp = 1)
	SU/MU-MIMO
	User mean
normalized throughput
[b/s/Hz/cell]
	User 10th percentile
normalized throughput
[b/s/Hz/cell]
	User 5th percentile
normalized throughput
[b/s/Hz/cell]
	Jain Index

	R10 eICIC
Baseline
	2.24
	0.42
	0.32
	0.50

	JP CoMP (R-ZFBF)
PF exp = 1
	2.08 (-8%)
	0.65 (+55%)
	0.55 (+72%)
	0.61

	JP CoMP (R-ZFBF)
PF exp = 0.8
	2.34 (+4%)
	0.59 (+42%)
	0.48 (+50%)
	0.55

	JP CoMP (R-ZFBF)
PF exp = 0.7
	2.48 (+11%)
	0.54 (+27%)
	0.43 (+36%)
	0.52

	JP CoMP (R-ZFBF)
PF exp = 0.5
	2.78 (+24%)
	0.45 (+6%)
	0.31 (-3%)
	0.46


Table 2: Summary of full-buffer results in CoMP Scenario 4 using JP (R-ZFBF) versus R10 eICIC baseline
3
Conclusion
From above results (Table 2), we observe that a JP R-ZFBF based transmission strategy in CoMP Scenario 4 nominally offers the possibility to increase the 10th to 5th percentile cell edge user throughput in the order of up to 40-50% for PF coefficient settings of 0.8 without penalizing user means throughput.

Considerable flexibility exists in the scheduler to trade-off PF settings against mean versus cell edge normalized user throughput. For a PF setting of 0.5, some more than 20% improvement is observed for the user mean throughput while the cell edge user throughput is essentially unchanged with CoMP JP.
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Appendix – CoMP JP Global Precoding
The following is the outline for the greedy PFscheduling strategy employed for the CoMP JP results presented in Section 2.
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Keep the best UE with highest FoM

Step2
Pair remaining UEs with the selected UE in step 1, one at a time
Calculate MU-MIMO precoder vectors using SLNR or ZFBF
Calculate instantaneous data rates and sum PF FoM(step 2)
If PF FoM(step 2) > PF FoM(step 1) then
Keep the best companion UE
else stop scheduling more UEs

StepU
Pair remaining UEs with those in Step U-1, one ata time
Calculate MU-MIMO precoder vectors using SLNR or ZFBF
Calculate instantaneous data rates and sum PF FoM(step U)
If PF FoM(step U) > PF FoM(step U-1) then
Keep the best companion UE
else stop scheduling more UEs





Figure 3: Greedy PF scheduling for CoMP JP
