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1
Introduction
Coordinated multipoint transmission/reception (CoMP) has been considered as key technology in LTE-A [1] and has been widely studied through LTE-A study item. With long discussion, the evaluation methodology has been gradually agreed in [2] over last two meetings. 
In this contribution, we first discuss our observations on impact of DL reception power imbalance to the CoMP UE and the system. Secondly, we analyse the influence from CoMP threshold of reception power difference on CoMP UE selection and CoMP cooperating set selection. Finally, we provide our suggestions for consideration. 
2
Discussion

2.1 DL reception power imbalance

Under CoMP operation, an UE usually experiences reception power difference among DL transmissions from CoMP cells. Reception power difference may occur due to many facts, such as propagation distance, channel environment, non-uniform network deployment, different antenna configuration, transmission node power level and so on. While CoMP operation is normally beneficial for cell-edge UEs, it may interfere to the cell-centre UEs and jeopardize to system throughput due to consumption of radio resource. To have efficient spectrum utilization and provide better overall system performance, the impact of DL reception power imbalance to the CoMP UE and the system should therefore be evaluated. 

To consider the effect of the power imbalance level, we define a CoMP threshold of reception power difference of RSRP SINRs for taking CoMP UEs into account. In other words, any UE satisfied with CoMP operation and under the CoMP threshold is considered in our simulation, where the CoMP threshold is defined as:
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 is a predetermined CoMP threshold. 

In the simulation, we also have taken feedback and DL overhead into account. Implicit per-cell feedback is based on Rel-10 setting while CoMP UE feedbacks per cell PMI. Please refer to the system level simulation assumptions in Table 1. 
	Parameter
	Assumption

	Inter-site distance
	500m

	Load
	Average 10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm

	Noise figure at UE
	9dB

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Channel model
	Spatial Channel Model (SCM)

	UE speeds of interest
	3Km/h

	Number of antenna elements (BS, UE)
	(2, 2)

	Antenna separation (BS, UE) [times of wavelength]
	(0.5, 0.5) 

	Traffic model
	Full buffer

	Subband size
	5 RBs

	Feedback scheme
	Per-cell implicit RI/CQI/PMI with Rel.10 codebook
 CQI PMI per subband 

5ms periodicity, 
6ms delay total (measurement in subframe n is used in subframe n+6)
2-bit co-phasing component for multi-cell information

	Scheduler
	Proportional Fair

	overhead
	4 subframes out of 10 have an overhead of 3OFDM symbols (PDCCH) + 2CRS ports outside PDCCH region + DMRS

6 subframes out of 10 have an overhead of 2OFDM symbols for PDCCH + DMRS.

	HARQ
	Chas-combining;

Maximum 3 transmission times

	Receiver algorithm
	MMSE


Table 1. Simulation Assumptions
Under the simulation assumption and defined CoMP threshold, we have CoMP UE percentage shown in Table 2. It’s inherently to know that the higher CoMP threshold value is set, the more CoMP UEs could be counted in the simulation (for example, if CoMP threshold is set to 6dB, then there would be 36.33% UE involved in CoMP operation). Of course, it also reflects more UL feedback overhead encountered by the network. To show the performance difference among different imbalance ranges, we separately simulate 3 groups of UEs to see where the range of reception power imbalance level to the CoMP UE influences CoMP performance the most. 
	
	0-3 dB
	3 -6dB
	6-9 dB

	CoMP UE percentage
	18.1%
	18.56%
	16.45%


Table 2. CoMP UE Percentage
The simulation results are shown in Table 3 and Table 4 respectively. The difference in between results from whether the scheduling decision for a UE is additional applied, which’s whether inclusion of a UE increases system performance at the moment. Otherwise, the UE is scheduled in non-CoMP operation (SU-MIMO) to approach practical system scheduling consideration. In other words, not all UEs revealed in the CoMP UE percentage will participate in CoMP operation. 
	 
	0-3 dB
	3 -6dB
	6-9 dB

	Non CoMP (SU-MIMO)
	0.0844   bps/Hz
	0.1565  bps/Hz
	0.2081  bps/Hz

	CoMP 
	0.1018  bps/Hz
	0.1673  bps/Hz
	0.1927  bps/Hz

	gain
	21%
	6.9%
	-7.4%


Table 3. Spectral Efficiency Comparison (with CoMP scheduling decision)

	
	0-3 dB
	3 -6dB
	6-9 dB

	Non CoMP (SU-MIMO)
	0.0844   bps/Hz
	0.1565  bps/Hz
	0.2081  bps/Hz

	CoMP
	0.1072 bps/Hz
	0.1633  bps/Hz
	0.1813 bps/Hz

	gain
	27%
	4.3%
	-12.87%


Table 4. Spectral Efficiency Comparison (without CoMP scheduling decision)
From both simulation results, one can easily observe that the higher reception power difference is, the poor CoMP gain would be, where the CoMP gain is based on the comparison between CoMP operation and baseline approach of single cell SU-MIMO. In addition, under certain reception power imbalance level, the network should not schedule the UE for CoMP operation no matter what. 
Another observation is that even though the scheduling decision may not provide higher CoMP gain at lower power difference level, it indeed maintains relatively higher CoMP gain while power imbalance level gradually increases. In addition, it at least provides positive gain in overall system throughput even though the CoMP gain may not significant high. Consequently, network should take into account scheduling decision accordingly (may along with various factors). Please note that, without consideration of proper scheduling decision, the CoMP UEs may not only jeopardize its own CoMP gain but also causes serious impact to system throughput. 
The scheduling decision would consider many factors, which increases significant system complexity and unnecessary signalling overhead for no improvement of system performance. According to the above observations, the possible way to maintain both relatively high system performance and high CoMP gain at cell edge is to reduce reception power difference level or to improve reception power balance as much as possible. Therefore, it’s believed that possible approaches to improve reception power balance level should be evaluated with consideration of reasonable signalling overhead and system complexity. In summary, we have observations and proposal as follow:
Observation 1: The higher reception power difference is, the poor CoMP gain would be. Under certain reception power imbalance level, the network should not schedule the UE for CoMP operation.
Observation 2: Even though the scheduling decision may not provide higher CoMP gain at lower power difference level, it indeed maintains relatively higher CoMP gain while power imbalance level gradually increases. Along with consideration of overall system throughput, network should take into account scheduling decision accordingly.

Proposal 1: To maintain both relatively high system performance and high CoMP gain, possible approaches to improve reception power balance level should be evaluated with consideration of reasonable signalling overhead and system complexity. 
Judging from the proposal 1 and possible factors causing reception power imbalance, the UE location and serving node coverage (e.g. difference of serving and neighbouring cell power level) may naturally limit the improvement of power balance level. However, it’s then up to network scheduling decision. 
3
Analysis of UE selection and Cooperating Set Selection 
As mentioned in section 2, some factors might naturally limit the improvement of power balance level, which further limits the improvement of both system performance and CoMP gain. For the situation where the improvement can be made by an approach, inconsistent CoMP threshold allowed could affect the number of the UEs selected under CoMP operation so as to the cooperating set selected for those UEs even though we have consistent layout assumption in Figure 1. In addition, in [3], we have discussed the observation that different CoMP cooperating set selection mechanisms (especially inter-site) affect CoMP scheduling, coordination level, feedback mechanisms and transmission mode and so as to the overall system throughput and simulation result in comparison of different CoMP schemes. We also shown the simulation on how the performance impact could be under different reference schemes. 
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Figure1: Layout of 9 Cells per Coordinating Cluster

Judging from diverse simulation results in certain aspects among companies during the simulation evaluation phase, to be under the same reference point for evaluation, we propose that:

Proposal 2: Reception power difference impact (e.g. which reasonable CoMP threshold for comparison) and potential CoMP cooperating set selection mechanism(s) should be investigated for the possible impact in later evaluation of CoMP schemes.
4
Conclusions
In this contribution, we express our observation views on several design issues for CoMP, including CoMP HARQ operations, the impact of latency, the CoMP cooperating set selection, scheduling/resource allocation for interference mitigation, and the UE feedback scheme. Several proposals and observation have been made according to our views. 
Observation 1: The higher reception power difference is, the poor CoMP gain would be. Under certain reception power imbalance level, the network should not schedule the UE for CoMP operation.
Observation 2: Even though the scheduling decision may not provide higher CoMP gain at lower power difference level, it indeed maintains relatively higher CoMP gain while power imbalance level gradually increases. Along with consideration of overall system throughput, network should take into account scheduling decision accordingly.

Proposal 1: To maintain both relatively high system performance and high CoMP gain, possible approaches to improve reception power balance level should be evaluated with consideration of reasonable signalling overhead and system complexity.
Proposal 2: Reception power difference impact (e.g. which reasonable CoMP threshold for comparison) and potential CoMP cooperating set selection mechanism(s) should be investigated for the possible impact in later evaluation of CoMP schemes.
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