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1 Introduction
In 3GPP’s ITU-R submission for IMT-Advanced (IMT-A), coordinated multipoint (CoMP) transmission is listed as one of the enabling technologies for LTE-A [1]. In 3GPP RAN #50 meeting, a revised CoMP study item is agreed for Rel-11 [2]. In 3GPP RAN1 #63bis, CoMP study item was initiated. Some high level views were discussed and evaluation methodology was defined [3]. 

The schedule for CoMP evaluation is specified as follows

· Phase 1 

· Homogeneous network with high Tx power RRHs 

· Starts now

· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell”

· Starts after RAN1#64

In 3GPP RAN1 #64, the evaluation methodology for both DL and UL has been finally agreed [4-5] and a new TR [6] was created to incorporate RAN1 decisions on CoMP study item. Furthermore, some preliminary Phase 1 simulation results were discussed.

In this contribution, we will provide detailed evaluation results focusing on CoMP joint transmission for both full buffer case and non-full buffer case. Performance evaluation for dynamic cell selection is contained in a companion contribution [7]. 

2 CoMP JT Operation
In this section, we will describe the overall CoMP JP operation and show the system level simulation results for CoMP joint transmission (JT) operation.

2.1 CoMP JT Operation

2.1.1 CoMP reporting set 

As discussed in [8], for each UE, a cell-specific CoMP measurement set is uniquely determined by the cell layout (9-cell CoMP measurement set). In our simulation, the determination of CoMP report set is UE-specific and is based on the RSRP measurement from each cell. To be specific, a cell (non-serving cell) is in the CoMP reporting set only if the RSRP of the corresponding cell is within α offset of that of the serving cell. To be specific, for a particular UE, assuming RSRP0 is the RSRP of the serving cell, we have the following relationship:
Cell i ( CoMP reporting set, if and only if RSRPi ( RSRP0 – α
That is, the CoMP reporting set is semi-statically configured by eNB. 
It is clear that there is a trade-off between the offset α and the number of cells within CoMP reporting set. A higher α may lead to a larger number of cells being include into the CoMP reporting set as well as a larger number of CoMP UEs; while a smaller α will result in a smaller CoMP reporting set and relatively smaller number of CoMP UEs. A special case is to set α = 0 where a UE is only connected to the strongest serving cell. In this case, the number of CoMP UE converges to 0 almost surely. An exemplary trade-off can be seen more clearly in the following table:
Table 1: CoMP UE Ratio as a function of offset α
	RxPower Offset
	CoMP UE Ratio

	3 dB
	8/75

	2 dB
	5/75

	1 dB
	4/75

	0 dB
	0/75


After CoMP reporting set establishment as described above, a unique UE-specific CoMP reporting set is constructed for each UE. Exemplary UE-specific CoMP reporting sets can be seen in Table 2 for a simplified 3-cell CoMP system.
Table 2: UE-specific CoMP Reporting Sets

	
	UE 1
	UE 2
	UE 3
	UE 4
	UE 5
	UE 6
	UE 7
	UE 8

	Cell 1
	1
	1
	1
	0
	0
	0
	0
	0

	Cell 2
	0
	0
	0
	1
	1
	1
	0
	0

	Cell 3
	0
	1
	0
	0
	0
	1
	1
	1


It can be seen from Table 2 that both UE 2 and UE 6 are CoMP UEs and all the other UEs are single-cell operation UEs.
2.1.2 UE feedback and Scheduling
In the simulation, UE is feeding back the following information according to the size of the CoMP reporting set:

· If size of CoMP reporting set  == 1,
· UE feeds back single-cell PMI/CQI/RI;
· If size of CoMP reporting set  >  1,

· UE feeds back multi-cell PMI/CQI/RI as well as single-cell PMI/CQI/RI with respect to the serving cell.
For multi-cell PMI/CQI/RI feedback, the following approach/scheme is used:
· Rank 1 hypothesis (see Figure 2), 
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Figure 2: CoMP JP Rank 1 transmission
· PMI feedback: UE feeds back single-cell PMI for each cell as well as inter-cell phase information (quantized to 2 bits). For the example shown in Figure 2, UE1 feeds back PMI1 (w1) for Cell 1, PMI2 (w2) for Cell 2 as well as the 2-bit quantized phase information (. 

· CQI feedback: UE feeds back a multi-cell rank 1 CQI based on 
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· High rank hypothesis (see Figure 3),
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Figure 3: CoMP JP Rank 2 transmission
· PMI feedback: UE feeds back single-cell PMI for each cell. For the example shown in Figure 3, UE feeds back PMI1 (w1) for Cell 1 and PMI2 (w2) for Cell 2 based on joint optimization of the PMIs.
· CQI feedback: UE feeds back multi-cell high rank CQI based on the hypothesis that different streams will be sent from different cells.  For the example shown in Figure 3, rank 2 multi-cell CQI is computed based on
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Multi-cell proportional scheduling [9] is used to balance the cell-edge user throughput as well as the average user throughput. To be specific, a two-step scheduling is performed:
Step 1: Each cell performs single-cell initial scheduling. For the simplified example shown in Table 2, cell 1 schedules between UE1 and UE3; cell 2 schedules between UE 4 and UE 5; while cell 3 schedules between UE 7 and UE 8.

Step 2: Schedule CoMP UEs based on first come first serve (FCFS) principle. For the simplified example shown in Table 2, UE 2 is first CoMP UE, and it will be scheduled if and only if

PF(UE 2 ) > max{PF(UE 1), PF(UE 3)} + max{PF(UE 7), PF(UE 8)},

where PF(UE i) stands for the proportional fair metric of UE i. The above equation is constructed behind the intuition that UE 2 occupies resources from both cell 1 and cell 3. Once UE 2 is scheduled, then the resources from cell 1 and cell 3 are occupied, then UE 6 can not be scheduled due to the fact that it requires both resource from cell 1 and cell 2.

Using this scheduler, the following transmission schemes are dynamic switched:
· Single-Cell SU

· SU-MIMO with intra-eNB JP-CoMP (9-cell cell specific CoMP measurement set)
This scheduler will, in general, be optimized for a N-cell CoMP system where. 

Due to the FCFS principle used in step 2, the complexity of the scheduler is greatly reduced. However, this FCFS based scheduler performs well for an N-cell CoMP system where there is only one CoMP UE or the CoMP reporting sets of CoMP UEs are not overlapping. This corresponds to the situation where the RxPower offset (α) is relatively small as discussed in Section 2.1.1.

When there are multiple CoMP UEs where their CoMP reporting sets are overlapping this scheduler is highly non-optimal. Therefore, iterative scheduler is needed for handling many CoMP UEs in the system. This corresponds to the situation where the RxPower offset (α) is relatively large as discussed in Section 2.1.1.

2.2 Simulation Results

System level simulation results for full-buffer case in Table 3.
Table 3: Full-buffer Evaluation: Single-Cell Operation and CoMP JP Operation (3D Pattern)
	RxPower Offset
	Tx Schemes
	Average User Throughput (bps/Hz)
	Gain
	Cell-edge User

Throughput (bps/Hz)
	Gain

	0 dB
	Single-cell Operation
	2.4156
	0
	0.0700
	0

	1 dB
	9-cell JT Operation
	2.5136
	4.06%
	0.0748
	6.86%

	2 dB
	9-cell JT Operation
	2.5627
	6.09%
	0.0737
	5.29%

	3 dB
	9-cell JT Operation
	2.3985
	-0.72%
	0.0755
	7.86%


Table 4 gives the system level simulation results for non-full buffer case. 

Table 4: Non-full Buffer Evaluation: Single-Cell Operation and CoMP JP Operation (FTP Traffic Model 2, RxPower Offset 3 dB)

	K Users in each cell
	Resource Utilization Ratio
	Mean UE Throughput (bps/Hz)
	5% UE Throughput (bps/Hz)

	5
	Sing-cell
	40.8%
	1.36
	0.295

	
	JP
	43.4%
	1.36
	0.405

	
	Gain
	
	0
	37.3%


Note that the overhead is calculated assuming that 4 subframes out of 10 have an overhead of 3 OFDM symbols (PDCCH)  + 2 CRS ports outside PDCCH region + DMRS and that 6 subframes out of 10 have an overhead of 2 OFDM symbol for PDCCH + DMRS.
Observation:

From the preliminary CoMP evaluation, we found that 

· CoMP JP with reasonable feedback overhead could help improve both the average user throughput and the cell-edge user throughput. 
· Performance of CoMP JT is very sensitive to the scheduling algorithm, for relatively small offset α, CoMP JT could provide around 5% - 10% gain for both average cell throughput and cell-edge user throughput in full buffer case and around 40% gain for cell-edge user in non-full buffer case. Since the scheduler in [9] is highly suboptimal for relatively large offset, we expect the performance of CoMP JP to increase significantly once a better CoMP multi-user scheduler is in place.  
· For non-buffer case, the performance gain is sensitive to the number of users in each cell. When the number of UE in a cell increases CoMP gains will decrease as the system is approaching full-buffer case. 
3 Conclusion 
In this contribution, we conducted system level evaluation for the CoMP homogeneous network for both full buffer and non-full buffer cases. The result suggests that with relatively small offset, implicit feedback, and the MMSE receiver, CoMP JT could provide potentially 5% - 10% gain on for both cell-edge user throughput and average cell throughput in full buffer case and 40% gain on cell-edge user throughput for non-full buffer case with a sub-optimal scheduler .
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Appendix

	Parameter
	Values used for evaluation (Scenario 2)

	Performance metrics
	· Full buffer traffic: Cell capacity, Cell-edge (5%) user throughput

· Non full buffer traffic: see Section A.2.1.3.2 in TR36.814

1. Cell throughput

· Served cell throughput = total amount of data for all users / total amount of observation time / number of cells

2. Mean 5% user throughput

· User throughput = amount of data (file size) / time needed to download data

	Deployment scenarios
	Scenario 2: Homogeneous network with high Tx power RRHs 

· The central entity can coordinate 9 cells as a baseline (Reference layout is given in Appendix) 
· 5 clusters perform 9 cells cooperation, 2 clusters perform 6 cells cooperation. Results are collected over 57 cells.

	Simulation case
	Deployment scenarios 1, 2: 
Baseline: 3GPP-Case1 

	High power RRH Tx power (Ptotal)
	46dBm in a 10MHz carrier

	Number of UEs per cell
	Full buffer traffic model: 10 for Homogeneous networks; dependent on the targeted resource utilization for non-full-buffer traffic model. 

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	· SU-MIMO

· SU-MIMO with intra-eNB JP (DCS)-CoMP

	Impairments modelling
	Baseline timing error is 0us

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	Macro and high Tx power RRH: 2 and 4 antennas are baseline for FDD

	Number of antennas at UE
	2

	Antenna configuration
	For macro eNB and high power RRH, In priority order for each number of antennas:

· 2 antennas

1.
1 column, cross-polarized: X

Cross-polarized antenna configuration is also applied to the receiver. 

	Antenna pattern
	For macro eNB and high-power RRH: 3D as baseline

	eNB Antenna tilt
	For macro eNB and high-power RRH: 15 degrees downtilt.

	Antenna gain + connector loss
	For macro eNB and high-power RRH: 14 dBi in 3GPP Case 1

	Feedback scheme (CQI/PMI/RI)
	Implicit feedback
PUSCH 3-2 like feedback (subband PMI/CQI report, 5RB subband size) for both Rel-10 and CoMP

Feedback overhead for CoMP UEs is doubled compared to Rel-10 UEs

Feedback periodicity is 5 ms with 6 ms delay

	Channel estimation
	ideal channel estimation on CSI-RS and DM-RS

Feedback scheme based on Rel. 10 RI/PMI/CQI design

	UE receiver
	Mandatory: MMSE receiver model option1 in R1-11058

	DL overhead assumption
	a. 2 OFDM symbol for PDCCH & No CRS overhead + DMRS, i.e. 36/168 DL overhead (i.e. overhead of MBSFN subframes) 

b. 4 subframes out of 10 have an overhead of 3 OFDM symbols (PDCCH)  + 2 CRS ports outside PDCCH region + DMRS and that 6 subframes out of 10 have an overhead of 2 OFDM symbol for PDCCH + DMRS

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer 

Non-full-buffer according to Section A.2.1.3.1 in TR36.814, with the following modifications:

· Model 2 with file size of 0.5 Mbytes
· Simulations are run for various K (for model 2) that lead to covering at least the range [10 - 70]% of RU (See A.2.1.3.2) in non-CoMP SU-MIMO, and the metrics described in A.2.1.3.2 are computed for each K (for model 2) value
· The RU is computed over the entire network, i.e. the RU is the average of the RUs per transmission point

	Backhaul assumptions
	[point-to-point fiber, zero] latency and infinite capacity

Optical fiber required to perform dynamic cell selection

	Link adaptation
	Non-ideal (CQI adjusted based on outer-loop control relying on ACK/NACK feedback. MCS allocated based on CQICoMP and CQIno CoMP
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