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1 Introduction

In this contribution, the operation schemes especially for the CoMP scenario 4 are discussed. The preliminary system level evaluations are carried out and compared with those with non-cooperation according to the assumptions defined in [1].  Besides the HetNet deployment in scenario 4, the JP performance was also evaluated in the regular distributed antenna system layout.
2 Operation schemes of CoMP in scenario 4

2.1 RRH Group

The scenario 4 is defined as “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”. Unlike the DL MIMO where all antennas in the cell are transmitting, RRHs provide service only at restricted coverage within the cell, as they have relatively low transmit power. As the power received from different transmission nodes (RRHs or macro node) vary dramatically, it is energy efficient for a UE to communicate only to part of the nodes for which large scale fading is smaller. Thus, in order to simplify the coordination of the RRHs within the cell, it is beneficial to divide all the RRHs in the cell into several groups. A UE can carry out the channel measurement and data communication with its specific RRH group. The setup of RRH group might be cell specific and UE specific. The coverage of different RRH groups might be overlapped or spatially isolated.
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Figure 1 RRH groups for scenario 4
2.2 Reference signal allocation

Cell specific reference signals (CRS) are used for channel measurement and data demodulation by the Rel-8/9 UE in TM1~6. Considering the limited number of CRS ports, it is impossible to allocate orthogonal antenna ports to each RRH. Thus, it is beneficial to configure the same CRS ports for each RRH and macro site. The same CRS signals transmitted by different nodes will combined naturally over-the-air, which ensures the backward compatibility and also improves the coverage. For the sake of simplicity, CRS could also be transmitted only by the macro site.
In Rel-10, only one CSI-RS configuration is signaled to all UEs in the cell. At most 8 individual transmit antenna ports can be supported. However, the number of antenna ports required by one RRH group will exceed 8 considering there are multiple RRHs with multiple antennas in heterogeneous network. Thus, the antenna ports of multiple CSI-RS configurations should be transmitted in a cell. If there is no overlap between the RRH groups, antenna ports in one configuration could be assigned to the antennas within the same RRH Group. 

2.3 CSI feedback

The CSI-RS configurations corresponding to the RRH groups a UE should measure is indicated by eNB with high layer signaling and it might be valid for a long period. It is robust to set the RRH group larger than the instantaneous requirement for CSI report. Thus, CSI feedback on part of the configured CSI-RS ports is required. Also, considering the geographically separated RRH might jointly transmit to a UE, the current codebook designed for collocated antennas might not work well. As the CSI feedback of scenario 4 is intra cell, the current PMI/RI/CQI mechanism should also be modified and FFS.
3 Performance evaluation of CoMP JT in scenario 4
In this section, the PDSCH performance was evaluated in the HetNet deployment according to the assumption defined in [1]. As well as the macro node (46dBm) deployed as 3GPP case 1, there are 4 low power RRHs (30dBm) uniformly placed within the hexagonal cell coverage. 25 UEs in average are uniformly distributed in the cell (configuration #1). UE associates with one cell according to the combined received power from macro node and low power nodes.
In each cell, MU JT with zero forcing precoding is used. At most 20 layers can be multiplexed in one cell for 4Tx per nodes and 10 layers for 2Tx per node on the same time-frequency resource. Due to the different power classes, only  macro node and one low power RRH with the received power difference smaller than the predefined threshold of 10 (dB) are selected for JT. 
Simultaneous transmissions to CoMP and non-CoMP UEs from different RRHs is allowed in the scheduler. The receiver assumption is MMSE option 2 [2]. This assumption applies within the cooperative transmission set (thus for co-scheduled UEs in a MU-MIMO transmission with joint precoding), but not for the other interference coming from within the same cell area.
The baseline of the comparison is non-cooperation scheme without range extension (RE). Each node is configured as an independent cell. Each UE is scheduled within its associated node. Maximum 2 UEs can be paired by a node with 2Tx, and 4 UEs by a node with 4Tx.
The detailed assumptions of the evaluation are listed in appendix A.
Table 1. CoMP JT gain in FDD vs. MU-MIMO without cooperation (2Tx per node)
	
	Cell average throughput
	Cell-edge user throughput 

	2Tx per node
	 1.86%
	 25.95%

	4Tx per node
	0.86%
	16.11%


Observation: For the 2Tx per nodes, there is a 1.8%~2.8% gain in cell average and 12.3%~25.9% gain in cell edge if CoMP is introduced. JT provides better performance than CS at the cell edge and a little loss in cell capacity, because UEs with different JT nodes selection cannot be multiplexed. For the 4Tx per nodes, the same trend can be observed but the gain is smaller.
4 Performance evaluation of CoMP JT in distributed antenna systems 

In distributed antenna systems, all RRHs have the same power and are configured with the same cell id. In this section, we consider the simple regular deployment where 2 RRHs are located at the opposite corners of a hexagonal sector. Each RRH is equipped with 2 or 4 directional antennas. The transmit power of each RRH is fixed as 43dBm in order to make a fair comparison with the 3GPP case1 layout where eNB is equipped with 4 or 8 Tx and transmit with MU-MIMO transmission. The performance is also compared with the non-cooperation scheme where the two geographically separated RRHs are configured with different cell id and scheduled independently. The cell deployments of DAS and CAS scenarios as well as the system simulation parameters are described in Appendix B.
Table 2. Evaluation of CoMP Gain in FDD (2Tx per node)
	Gain over 
MU-MIMO in CAS (4Tx)
	Gain over 
SU-MIMO without cooperation

	Cell capacity gain 
	Cell edge [5%] user gain 
	Cell capacity gain 
	Cell edge [5%] user gain 

	73.69%
	87.68%
	2.00%
	5.94%


Table 3. Evaluation of CoMP Gain in FDD (4Tx per node)
	Gain over 
MU-MIMO in CAS (8Tx)
	Gain over 
SU-MIMO without cooperation

	Cell capacity gain 
	Cell edge [5%] user gain 
	Cell capacity gain 
	Cell edge [5%] user gain 

	51.07%
	52.24%
	6.03%
	22.48%


Observation: JP in DAS layout has significant gain over traditional CAS in both cell average throughput (51.07%~73.7%) and cell edge throughput (52.24%~87.7%) when the number of antennas and transmit power are kept the same in the cell. Compared with the scheme where each RRH is configured as an independent cell, JP also provides gains in cell average by (2%~6%) and in cell edge by (5.94%~22.48%). 
5  Conclusions
In this contribution, we investigated the basic schemes to enable JP transmission in CoMP scenario 4. Some concepts and aspects requiring further investigation are proposed, including: RRH group, reference signal allocation and CSI feedback.
Preliminary results of system level simulation were also provided in both the HetNet and regular distributed antenna systems deployments. It was observed that:
In HetNet deployment (scenario 4), JP provides around 1.8%~2.8% gain in cell average throughput and 12.3% ~25.9% gain cell edge throughput compared with non-cooperative MU-MIMO without range extension, when each nodes is equipped with 2 ULA antennas. With 4 ULA antennas per nodes, the same trend can be observed but the gain is smaller.
In DAS deployment, JP has significant gain over MU-MIMO in 3GPP case 1 in both cell average throughput (51.07%~73.7%) and cell edge throughput (52.24%~87.7%) when the number of antennas and transmit power are kept the same in the cell. Compared with the non-cooperative SU-MIMO in DAS deployment, JP also provides gains in cell average throughput by (2%~6%) and in cell edge throughput by (5.94%~22.48%).
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Appendix A. System Assumptions for CoMP JT in scenario 4
Table 5. System simulation parameters for scenario 4
	Parameter
	Values used for evaluation

	Deployment scenarios
	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.
Coordination area includes: 1 cell with N low-power nodes as starting point
Benchmark is non-cooperation SU-MIMO with the different cell ID

	Simulation case
	ITU UMa for Macro, UMi for low power node defined in TR36.814 Annex A.2.1.1.2

	Number of low power node per macro-cell
	Configuration #1 with N low power nodes per macro cell
N = 4

	High power RRH Tx power (Ptotal)
	46dBm

	Low power node TX power (Ptotal)
	30 dBm

	Number of UEs per cell
	25

	Placing of UEs
	Uniform distribution.

	System bandwidth
	10 MHz 

	Possible transmission schemes in DL
	For CoMP: MU Joint Transmission and MU Coordinated Scheduling

For baseline: Single node MU-MIMO

	Network synchronization
	Synchronized

	Number of antennas at transmission point
(macro node, low-power node)
	(2, 2) and (4, 4)

	Number of antennas at UE
	2 

	Antenna configuration
	Co-polarized with 0.5λ antenna spacing

	Antenna pattern
	For macro eNB and high-power RRH: 3D
For low-power node: 2D

	Traffic model
	Full buffer 

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

	Scheduler
	MU Greedy PF

	Feedback scheme
	For CoMP Scenario 4: Short-term and subband CSI quantization with adaptive codebook for the strongest RRH. Long-term wideband CSI of other JT nodes and phase offset quantized with 16QAM.
For Baseline: Short-term and subband CSI quantization with adaptive codebook for the serving RRH

	CSI feedback delay
	4ms

	CSI feedback period
	5 ms

	MU Precoding scheme
	Zero-forcing

	Channel estimation
	Ideal

	UE receiver
	MMSE option 2 [2]

	HARQ
	Chase Combining with maximum 3 transmissions


Appendix B. System Assumptions for CoMP JT in distributed antenna system 
Table 6. System simulation parameters for DAS 
	Parameter
	Values used for evaluation

	Deployment scenarios
	Homogeneous network with another 1 RRH at the opposite corner of the hexagonal cell. Illustrated as figure 2.

	Simulation case
	ITU UMa for all RRHs defined in TR36.814 Annex A.2.1.1.2

	RRH Tx power (Ptotal)
	For DAS layout: 43dBm per RRH

For CAS layout: 46dBm per RRH

	Number of UEs per cell
	10

	Placing of UEs
	Uniform distribution.

	System bandwidth
	10 MHz 

	Possible transmission schemes in DL
	For DAS: MU JT

For CAS: MU-MIMO

For non-cooperation: SU-MIMO with RA

	Network synchronization
	Synchronized

	Number of antennas at transmission point
	For DAS: 2/4 Tx per RRH

For CAS 4/8 Tx per RRH

	Number of antennas at UE
	2 

	Antenna configuration
	Co-polarized with 0.5λ antenna spacing

	Antenna pattern
	3D

	Traffic model
	Full buffer 

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

	Scheduler
	MU Greedy PF

	Feedback scheme
	For DAS: Short-term and subband CSI quantization with adaptive codebook for the strongest RRH. Long-term wideband CSI of the other RRH and the phase offset quantized with 16QAM.
For CAS: Adaptive Codebook

For non-cooperation scheme: R8 codebook

	CSI feedback delay
	4ms

	CSI feedback period
	5 ms

	MU-Precoding scheme
	Zero-forcing

	Channel estimation
	Ideal

	UE receiver
	MMSE-IRC 

	HARQ
	Chase Combining with maximum 3 transmissions
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Figure 2. Cell layout for JP in DAS deployment 
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Figure 3. Reference cell layout for CAS deployment
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