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Introduction
Initial Rel-11 CoMP study item discussions happened during RAN1#63bis. A phased simulation study was agreed where Phase 1 should study homogenous networks and phase 2 heterogeneous networks. In RAN1#64, we already disclosed simulation results, for scenario 1 following the phase1 simulation assumptions (see [1]). This paper gives simulation results for both scenario 1 and 2 including some analysis of the impact of a realistic example feedback scheme.
2
UE specific transmission set selection
Different to scenario 1, scenario 2 assumes larger coordination areas. However, considering feedback overhead and complexity, each UE can feedback channel state information only for a limited number of transmission points/cells. In other words, even all transmission points/cells in the network are in one coordination area, for one particular UE, data signals can only be transmitted from a few transmission points/cells. In agreed CoMP terminology we are now concerned with the case where the coordination area is increased to 57 cells while the transmission set remains at 3 cells similar to scenario 1.
Compared to intra-site CoMP, the increased coordination area means that UEs can select transmission set more freely. This is expected to improve performance especially for cell-edge UEs as these UEs typically would benefit from an inter-site transmission set.
The drawback from increased coordination area and transmission set flexibility is increased scheduling complexity. Here we propose a simple solution which does not give full flexibility but increases flexibility with only minor added complexity. The basic idea is that to limit complexity, different transmission sets used in the same TTI should not be overlapping. However in different TTIs different groups of non-overlapping transmission sets can be used with limited increase to complexity.
A simple example of this approach is studied here. Two groups of non-overlapping transmission sets are selected and these are scheduled in different TTIs. First group corresponds to the intra-site transmission set and second group corresponds to an inter-site transmission set. The two transmission sets are shown in Figure 1 where it is also illustrated how the transmission set from one group can be used to cover the whole coordination area.
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Figure 1 The two groups of transmission sets and how they map to the coordination area.
For UE specific transmission set selection we apply the criteria: “Maximize the difference between CoMP geometry and single cell geometry” approach where the CoMP geometry is defined as follows: 
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where A,B,C are the selected cells, Sk is the signal strength at the UE of cell k. 
Simulation steps:

1. Drop the UEs in the simulation area.
2. For each UE calculate the single cell geometry and the CoMP geometry for each of the potential  transmission sets.
3. For each UE sort the geometry factors, and select its preferable transmission set.
4. For each TTI, only schedule UEs with transmission sets in one of the two groups. (TDM between the transmission set groups).
This summarizes the scheduling operation for the scenario 2 where compared to scenario 1, increased transmission set selection flexibility is supported. The coordination set size assumed here is 57 cells and transmission set size is 3 cells. The CoMP transmission scheme used is joint transmission and there will be 3 users in transmission set.
3
Scenario1&2 COMP performance for ideal feedback
In this section we provide simulation results for scenario 1 and 2 for the CoMP scheme described in previous solution. As seen from Table 1, under ideal assumptions (perfect channel estimation, eigen vector feedback, etc.), CoMP in scenario2 can further enhance the cell-edge performance compared to intra-site case, but only some marginal gain on average throughput performance.

Observation: A larger coordination area can further enhance the cell-edge performance gain from CoMP, but only some marginal gain on average throughput performance is seen.
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Table 1 Simulation results overview for Scenario 1 and Scenario 2.
4
Quantized feedback scheme
In this section we describe a simple and robust feedback scheme to support the joint transmission CoMP. For simplicty, we utilize well-known per cell codebook quantization plut inter-cell phase rotation scheme, as described below: 
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One CoMP feedback report P refers to one sub band and is composed of PMI for each of the cells in the measurement set, and phase and amplitude scaling factors relative to the first cell.

5
Scenario1 CoMP Performance conditioned to quantized feedback 
The performance for Scenario 1 applying the quantized feedback described in the previous section is given in Table 2. According to this table, it can be seen that intra-site COMP with the simplified quantized feedback scheme only provides very limited gains over single cell operation. Co-polarization antenna array shows a bit favour to CoMP transmission compared cross-polarization antenna array.
Observation: The performance gain from joint transmission CoMP is very sensitive to the choice of feedback scheme.
	
	Antenna 
	Average TP Gain 

(ideal) 
	Average TP Gain 

(quantized)
	Cell-edge TP Gain

(ideal)
	Cell-edge TP Gain

(quantized)

	2Tx
	B1
	15% 
	2%
	12%
	1%

	
	B3
	8%
	-1%
	16%
	1%

	4Tx
	B1
	20%
	3%
	28%
	5%

	
	B3
	12%
	1%
	34%
	2%


Table 2 Scenario 1 results assuming quantized feedback.
6
Conclusion

In this contribution we have presented simulation results for joint transmission CoMP in scenario 1 and 2. We have found that intra-site and inter-site CoMP can enhance both average and cell-edge throughput compared to non-CoMP operation. The gain from CoMP operation increases with the number of transmit antenna. With larger coordination area enabled by inter-site comp (scenario2), CoMP can further enhance the cell-edge gain compared to intra-site COMP (scenario 1).
Furthermore we presented simulation results to evaluate the joint transmission gain under a simple and straightforward CSI feedback scheme. Here we found that CoMP is very sensitive to CSI accuracy and that the CoMP gain vanishes if simple quantized feedback is applied (per cell codebook quantization plus inter-cell phase rotation). 
Further investigation on feedback scheme is needed to determine whether we can gain from joint transmission CoMP under realistic assumptions.
Appendix
	Parameter
	Value

	System BW
	10 MHz (600 active sub-carriers,  50 PRBs)

	Collaboration area (CA)
	3 cells from intra-site or inter-site 

	Channel model
	3GPP Case1 , 3D antenna tilting (15°), SCM UMa (High Spread)

	Antenna configuration　
	B1: co-polarized
B2: Grouped co-polarized

B3: cross-polarized

	Traffic model
	Full buffer

	Antenna number
	4 TX/2Tx per cell

2Rx at UE side

	Channel estimation  for Decoding
	Realistic

	Channel estimation for Feedback
	Ideal

	UE receiver
	According to R1-110586
MMSE option1

	HARQ
	Adaptive and asynchronous, non-blanking HARQ (default).

	
	8 SAW channels per CW with ideal Chase combining @ UE (LTE-A)

	Scheduling Scheme
	Proportional fair

	Transmission scheme
	Single cell: SU MIMO, CoMP: Joint transmission

	CSI reporting delay and period
	Delay: 6 ms, Period: 10 ms

	Feedback
	Un-quantized dominant Eigen vector(s) for each subband(3 PRBs)

Quantized: Per cell PMI using R10 PMI, Inter-cell phase rotation using QPSK modulation

	User per cell 
	10

	RS Overhead
	Same overhead assumed for JP and single cell

	PDCCH overhead
	3 OFDM symbols per TTI.

	Rank Adaptation
	Rank Adaptation Enable
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