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1 Introduction
At RAN1#63bis, it was agreed to separate the study of Coordinated Multi-Point Operation (CoMP) into two phases, with Phase 1 encompassing homogeneous deployment scenarios and Phase 2 encompassing heterogeneous deployment scenarios [1].  In this document, we present our Phase 2 performance evaluation results.
2 Discussion  
System-level simulation was performed of the Phase 2 deployment scenarios, which consist of Scenario 3 (heterogeneous network with different cell identities) and Scenario 4 (heterogeneous network with same cell identities).  The main difference for these scenarios 3 and 4 in the PDSCH region consists of the locations of the common reference signals (CRS).  In theory, through judicious selection of the cell identities, the PDSCH operation becomes largely identical for the two cases, and so we chose to evaluate the two scenarios using a single set of system-level simulations.  It should be noted, however, that if such judicious selection is not possible, then the actual performance of Scenario 3 may be somewhat degraded over that shown here due to the additional interference caused by the CRS and the inability to flexibly apply the various techniques in all of the available resource elements available for PDSCH transmission.  Also, the impact of PDCCH capacity between the two scenarios is not included in the following results and could produce a significant impact as well.
The evaluation results are summarized in Table 1 for the 2x2x2 (Macro x LPN x UE) co-polarized antenna configuration and in Table 2 for the 2x2x2 cross-polarized antenna configuration.  A description of the feedback and other assumptions is provided in the Appendix.  In order to study the potential benefit of CoMP relative to what is possible in current LTE, we simulate cases with and without time domain based inter-cell interference coordination.  
Other items to note are as follows:

· UEs in the simulations were associated with an explicit transmission point (TP).  Except for the one baseline simulation that didn’t exploit subframe partitioning, an association bias of 16 dB was used throughout, along with a fixed subframe partition ratio of 50%.

· Transmissions to a UE only occurred from their associated TP, except in the case of JT where another TP provided assistance.

· In simulations employing JT, the proportional-fair metric was scaled by the number of TPs participating in the transmission in order to avoid sacrificing cell average throughput for the sake of cell edge performance.
· These results employ quantized feedback, but are otherwise ideal in terms of the channel estimation assumptions, impact of DL control overhead, and UE feedback mode.  Thus, the results presented are somewhat optimistic over what would be expected had these factors been modelled.
Table 1   Simulation Results for 2x2x2 Co-Polarized Antennas
	
	Cell Avg Tput (bps/Hz)
	Gain 
	Cell Edge Tput (bps/Hz)
	Gain
	Jain Index

	Case 1
	 no TDM ICIC
	8.52
	N/A
	0.052
	N/A
	0.48

	
	TDM ICIC
	8.70
	0.0
	0.073
	0.0
	0.60

	
	TDM ICIC + JT
	8.72
	0.2%
	0.081
	11.0%
	0.61

	
	TDM ICIC + CS/CB
	8.70
	0.0%
	0.073
	0.0%
	0.60

	Case 4b
	 no TDM ICIC
	10.04
	N/A
	0.072
	N/A
	0.63

	
	TDM ICIC
	10.38
	0.0
	0.090
	0.0
	0.72

	
	TDM ICIC + JT
	10.34
	-0.4%
	0.102
	13.33%
	0.73

	
	TDM ICIC + CS/CB
	10.38
	0.0
	0.091
	1.1%
	0.72


Table 2  Simulation Results for 2x2x2 Cross-Polarized Antennas
	
	Cell Avg Tput (bps/Hz)
	Gain 
	Cell Edge Tput (bps/Hz)
	Gain
	Jain Index

	Case 1
	 no TDM ICIC
	9.32 
	N/A
	 0.044
	N/A
	0.41

	
	TDM ICIC
	10.74 
	0.0
	0.063 
	0.0
	0.53

	
	TDM ICIC + JT
	 10.78
	0.4%
	 0.068
	8.0%
	0.54

	
	TDM ICIC + CS/CB
	10.76 
	0.2%
	0.061 
	-3.2%
	0.53

	Case 4b
	 no TDM ICIC
	11.74 
	N/A
	0.062 
	N/A
	0.54

	
	TDM ICIC
	13.47 
	0.0
	0.077
	0.0
	0.66

	
	TDM ICIC + JT
	13.50
	0.2%
	0.087
	13.0%
	0.68

	
	TDM ICIC + CS/CB
	13.48
	0.1%
	0.078
	1.3%
	0.66


Observations:

· The use of TDM ICIC provided significant increases in both cell average throughput and cell edge throughput
· The additional use of joint transmissions provided an extra 8-13% improvement in cell edge throughput, but little in the area of cell average throughput.
3 Summary 

In this contribution, we have provided simulation results on CoMP performance for Phase 2 using  time domain inter-cell interference coordination as a baseline methodology.  The results showed that the use of joint transmission techniques could add to the cell edge performance gains obtained from the use of TDM ICIC techniques, although we did not find significant improvements to average cell throughput or Jain index.  
4 References

[1] RAN1 Chairman’s notes, Section 6.3.1.1, 3GPP TSG RAN WG1 Meeting #63bis

[2] R1-111125 “CoMP Simulation Assumptions”, NTT DOCOMO, RAN1  #64
Appendix

5 Simulation Assumptions and Methodology

5.1 Simulation Assumptions

Simulation assumptions are summarized in Table A1.  Other assumptions can be found in [2].
Table A1   Simulation Assumptions
	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid
19 sites
3 Macro cells per site
 wrap‑around universe 

	LPN Layout
	Configuration #1 &Configuration #4b
4 LPN per macro cell

	UE Layout
	25 UEs for Configuration #1 (random drop)

30 UEs for Configuration #4b (clustered drop)

	CoMP Coordination Area
	1 Macro & 4 RRH

	Channel Model 
	ITU UMa for Macro-UE links

ITU UMi for LPN-UE links

	Operating bandwidth (BW)
	10 MHz

	Tx Power 
	46dBm for macro and 30dBm for LPN

	UE Speed
	3km/h

	Association bias
	0 dB for non-TDM ICIC baseline

16 dB for TDM ICIC baseline

16 dB for CoMP scenarios

	Antenna configuration
	Macro: 17 dBi gain, 3D, 12 degree electrical downtilt

LPN: 5 dBi omnis 

UE: 0 dBi omnis

	CQI/PMI reporting granularity
	6 RBs

	CQI/PMI reporting interval 
	Rel 8/9 non-TDM ICIC: 5ms 
TDM ICIC & Rel 11 CoMP: 10 ms

	Feedback scheme
	Wideband RI
CQI per layer

PMI based on Rel-8 codebook

2-bit co-phasing indication for JT

	Overhead Assumptions
	4/10 subframes:  3 OFDM symbols for PDCCH, plus 2 CRS ports outside of PDCCH region, plus DMRS

6/10 subframes: 2 OFDM symbols for PDCCH, plus DMRS

	Transmission Scheme
	SU/MU-MIMO

	CoMP schemes
	JT & CS/CB

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Greedy-Based Proportional Fair

	Traffic Model 
	Full Buffer

	Receiver
	MMSE Option 1 in R1-110586

	Backhaul Latency
	Zero latency

	HARQ Scheme
	IR

	Maximum number of retransmissions
	4

	Channel Estimation
	Ideal 

	Outer-Loop Link Adaptation
	10% Retransmission Rate based on ACK/NAK


5.2 TDM ICIC Configuration

Because of the relatively large number of RRHs deployed for each macrocell, a relatively high subframe partition of 50% was employed, with an association bias of 16 dB.  The subframe muting at each of the macrocells was synchronized across the system such that all macrocells muted at the same time.
5.3 Feedback Assumptions

For simplicity, these simulations employed multiple feedback sets with the scheduler then deciding which set of feedback to employ.  For Rel-8/9 non-TDM ICIC simulations, feedback consisted of a single set of Rel-8/9 RI/PMI/CQI for the serving TP.  For Rel-10 TDM ICIC, feedback consisted of two such sets of feedback (corresponding to when the macrocell was muted or not).  For the simulations examining JT, feedback consisted of the normal single-TP feedback, plus an additional set consisting of rank 1 PMI for each of the two TPs participating in the transmission, a 2-bit quantized relative phase difference term, and a single CQI corresponding to the joint transmission.  For  simulations examining CS/CB, the feedback consisted of the normal single-TP feedback, plus PMI/CQI for each of the two cooperating TPs, assuming only interference from the non-cooperating set.  In actual implementations, it is expected that the UE could easily be configured in a specific transmission mode based on relative signal strength measurements and the feedback could reduced without significantly reducing the observed benefits.

5.4 Joint Transmission Implementation
The scheduler determined whether to place a UE in JT mode based on whether the UE’s JT CQI equalled or exceeded twice the spectral efficiency of the single-TP spectral efficiency.  Only rank 1 is considered in this mode.
5.5 CS/CB Implementation

The scheduler sequentially adds UEs to a scheduling solution from a candidate set consisting of all UEs served by the TPs within the set of cooperating set.  After the addition of each UE, the scheduler recalculates the appropriate precoder and resulting proportional-fair metrics for each UE remaining in the candidate set before selecting the next UE.  At the conclusion of the scheduling process, the scheduler makes a final estimation of CQI values before assigning MCS levels.
