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1 Introduction

·      In 3GPP RAN1#63bis meeting, four scenarios were identified for evaluation in [3]
· Scenario 1：Homogeneous network with intra-site CoMP

· Scenario 2：Homogeneous network with high Tx power RRHs 

· Scenario 3：Heterogeneous network with low power RRHs within the macrocell coverage
· Scenario 4：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
And some agreements were reached for scenario prioritization in evaluation [3]:

· 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 [4] and [5], we provided the CoMP evaluation results with joint processing (JP) scheme and CS/CB under homogeneous network with high Tx power RRHs.  In this contribution, we provide our evaluation results based on JP scheme under heterogeneous network deployment.  Cell deployment of scenario 3 is similar to macro-pico scenario evaluated in Rel-10 eICIC.  In the CoMP evaluation, pico cells are deployed by RRHs with low latency and high capacity links to macro cells.  Coordination between macro and pico cells can be done with negligible delay.   With UE specific signaling on CSI-RS configuration, scenario 4 can be supported even in Rel-10 network.   Without considering the details like CRS interference, DMRS configurations and control channel performance, data channel performance under scenarios 3 and 4 should be similar.  
2 Evaluation results for JP under heterogeneous network                      
2.1 Simulation Setup
As agreed in RAN1#65, following three scenarios are evaluated:

1. Single cell SU-MIMO
· Macro + LPN + association value 0 dB (Baseline) 
· No resource partitioning between Macro and LPN layer on the subframe level

2. Rel-10 eICIC
· Macro + LPN + association value 6 dB
· Static resource partitioning between Macro and LPN layer on the subframe level

· Static ABS allocation based on UE geometry of 4 LPNs under the same macro.
3. SU-JT + eICIC
· Macro + LPN + CoMP

· Same eICIC scheme is used. i.e.  Association value 6 dB and static ABS allocation of 4 LPNs under the same macro.
· JT between macro and LPN or between LPNs
· CoMP cooperating set

Based on the RSRP value corresponding to macro eNB and pico RRHs reported by each UE, eNB decides whether this is a CoMP UE by comparing a threshold with the difference of its reported RSRP values of macro and pico RRHs.   The cell with the strongest interference and the corresponding RSRP difference smaller than the threshold is identified as UE’s CoMP cooperating set.  i.e. for UEk , cell i belongs to UEk’s CoMP cooperating set if reported RSRP of cell i from UEk  (RSRPUE_k,Cell_i  ) satisfies the following condition:

RSRP UE_k, serving_cell –RSRPUE_k,Cell_i < threshold                                                          (2.1)
The maximum number of coordinating points is two.  Coordination can be done between macro and pico RRH or between two pico RRHs in the macro coverage area.  For simplicity, CoMP cooperating set is equal to measurement/reporting set which is semi-statically configured for each UE.   
· Coordination and feedback scheme
Since only two transmission points are allowed in the CoMP set and each transmission point consists of two transmit antennas, the total number of transmit antennas is four for joint transmission.   Once UE is identified as a CoMP UE, UE feeds back RI/PMI/CQI based on Rel-8 4Tx codebook.   Non-CoMP UEs report the CSI feedback based on Rel-8 2Tx codebook as shown in figure 1.  Only SU-MIMO transmission is allowed.
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Figure 1 UE1 feeds back based on 4Tx codebook and UE2 feeds back based on 2Tx codebook

·  Scheduling Algorithm 
A simple distributed scheduling is used.  With cell range expansion, most of the UEs satisfying condition 2.1 are associated with pico cells.  So most of the CoMP UEs are in pico cells.  Scheduling of pico RRHs is done first.   If the coordinating point is macro, macro point is forced to do joint transmission together with the pico RRH to the scheduled CoMP UE.  Once the resources are used for the CoMP UE, the corresponding RBs are not reused in the macro cell for single point transmission.   The corresponding RBs can be re-used in other pico cells but the resources can’t be used for CoMP transmission with the macro in other pico cells.   Since the priority of CoMP UEs is higher in the cell which is scheduled first, the order of doing scheduling in picos is randomized in each TTI to make it fair.   
2.2 Simulation Results
	SE(bps/Hz)
Schemes
	Average system spectral efficiency in macro coverage area 
	5% Cell edge spectral efficiency in macro coverage area
	Average macro spectral efficiency(bps/Hz)
	5% Macro cell edge spectral efficiency 
	Average pico RRH spectral efficiency
	5% Pico cell edge spectral efficiency 

	Single cell SU-MIMO
No eICIC , No JT
	13.157
	0.0617
	2.028
	0.0428
	2.782
	0.0825

	Rel-10 eICIC 
Bias=6dB, ABS based on cell edge loading 
	14.570
(+10.74%)
	0.0805
(+30.47%)
	1.927
	0.0644
	3.161
	0.0826

	SU-JT + eICIC
Bias=6dB, ABS based on cell edge loading
	14.795
(+12.46%)
	0.0892
(+44.57%)
	1.931
	0.0641
	3.216
	0.095


Table 1 Comparison of single cell SU-MIMO, Rel-10 eICIC and CoMP JP – FDD
	SE(bps/Hz)

Schemes
	Average system spectral efficiency in macro coverage area 
	5% Cell edge spectral efficiency in macro coverage area
	Average macro spectral efficiency
	5% Macro cell edge spectral efficiency 
	Average pico RRH spectral efficiency
	5% Pico cell edge spectral efficiency 

	Single cell SU-MIMO

No eICIC , No JT
	13.241
	0.0695
	2.064
	0.0472
	2.794
	0.0933

	Rel-10 eICIC 

Bias=6dB, ABS based on number of cell edge UEs  
	14.634

(+10.52%)
	0.0878
(+26.44%)
	1.948
	0.0711
	3.171
	0.0927

	SU-JT + eICIC

Bias=6dB, ABS based on number of cell edge UEs
	14.85
(+12.13%)
	0.0926
(+33.24%)
	1.958
	0.0703
	3.207
	0.0973


Table 2 Comparison of single cell SU-MIMO, Rel-10 eICIC and CoMP JP - TDD
Simulation is done based on the agreed assumptions in [3].  More simulation parameters are in Appendix A.   Simulation results of FDD and TDD are summarized in table 1 and table 2 respectively.
From the simulation results shown in tables, significant performance improvement on both average and cell edge performance can be achieved in Rel-10 eICIC comparing with single cell only.  Additional 7-14% gain on the performance of 5% worst UE can be obtained when JT scheme is added on top of the eICIC.  It can be observed from the result tables that most of the gain comes from pico cell edge performance.  It can be seen that ABS can protect part of victim UEs only.  JT between LPNs can be performed to improve the UEs which have the strong interference from neighboring LPN instead of macro.  These UEs can’t be protected by ABS because their strong interference is not coming from macro.
3 Conclusion

In this contribution, phase 2 evaluation results of CoMP JP performance in heterogeneous network scenarios are shown.  Around 30%-40% gain on cell edge throughput can be achieved by using the simple JP scheme together with Rel-10 eICIC.   It can be observed that reasonable gain can be obtained with JP between LPNs to cover cell edge UEs which can’t be protected by ABS.   Further study should be done to investigate the gain in the scenarios with different ABS patterns, different biases and combination of using ABS and CoMP.
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Appendix A
Table A1 Simulation assumptions
	Parameters
	Assumptions

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

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	30

	Channel Model 
	ITU UMa for Macro, UMi for low power node

	Operating bandwidth (BW)
	10 MHz

	Tx Power 
	46dBm for macro and 30dBm for LPN

	UE Speed
	3km/h

	Association bias
	6dB

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at macro eNB, 2Tx cross-polarized antenna at LPN RRH
Receiver: 2Rx cross-polarized antenna at UE
Antenna tilt  15 degree

	CQI/PMI reporting interval and frequency granularity 
	5ms for CQI/PMI, 6RB 

	Feedback scheme
	 Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook and Rel-8 4Tx codebook for JT

	CoMP scheme
	Joint Transmission (JT)

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Traffic Model 
	Full Buffer

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation
Channel estimation error modeling in [6] is used 
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