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1
Introduction
Coordinated multipoint transmission/reception (CoMP) has been considered as key technology in LTE-A [1]. In RAN #53 meeting, CoMP WID has been approved in [2] where the focus CoMP schemes are specified. Joint transmission (JT) scheme, as one of possible candidates, had been excessively evaluated in CoMP SI during phase 1&2 evaluation. With the provided combining gain and improvement of cell edge user throughput, it demonstrates better performance gain in most scenarios [3]. Since the performance gain from JT is more obvious than CS/CB and JT provides performance benefit over baseline MIMO system. Therefore, we consider prioritizing the enhancement work for JT in Rel-11 (even combination of JT and DPS).
In this contribution, according to evaluation methodology in [4], we observe the impact of scheduling decision and DL reception power imbalance to the system performance and CoMP UE under joint transmission operation in scenario 1 and 3. Then we briefly describe possible work directions of joint transmission for mitigating power imbalance and improving system performance/operation.  
2
Discussion

2.1 DL reception power imbalance

Under CoMP operation, an UE usually experiences reception power difference among DL transmissions from CoMP cells or transmission points. 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. 
CoMP Scenario 1 & 3 with JT
In the Scenario 1&3 simulation, we 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. 
Implicit per-cell feedback based on Rel-10 is used in our simulation:

· Non-CoMP UE:  UE feeds back single-cell PMI/CQI/RI to the serving cell;

· CoMP UE:  UE feeds back single-cell PMI for each cell as well as inter-cell phase information (quantized to 2 bits). For example, the  beamforming vector with inter-cell phase information value 
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are the per-cell PMI feedback for cell 1 and 2.
DL overhead in this contribution is according to the following assumption:
· 4 subframes out of 10 have an overhead of 3 OFDM symbols (PDCCH) + 2 CRS ports outside PDCCH region + DMRS (overhead of MBSFN subframes)

· 6 subframes out of 10 have an overhead of 2OFDM symbols for PDCCH + DMRS.
Specifically, in our simulation of scenario 3, each Macro cell area covers 4 RRHs associated to the Macro eNB as shown in figure 1, according to [2]. These five transmit nodes consist of a CoMP coordinated cluster. In other words, a UE can only choose the cells in the same CoMP cluster of its serving cell and its coordinated cell.
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· Figure1: Layout of Scenario 3 
Please refer to the system level simulation assumptions of scenarios 1 and 3 in Table 1.1 and Table 1.2 respectively. 
	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 1.1. Simulation Assumptions for Scenario 1
	Parameters 
	Assumptions 

	Layout 
	19 macro sites with 3 cells (sectors) each 

	Number of RRHs per macro-cell
	4

	UE distribution 
	Configuration #4b: Clustered UE placement for hotzone cells

	Antenna configuration
	X-pol

	Carrier frequency 
	2GHz 

	System bandwidth 
	10MHz 

	Total eNB Tx power 
	46dBm 

	Total RRH Tx power
	30dBm

	Transmission schemes in DL
	SU-MIMO

	Thermal noise 
	-174dBm/Hz 

	Noise figure at UE 
	9dB 

	Number of antennas (BS, RRH, UE) 
	 (2, 2, 2)

	Antenna separation (BS, RRH, UE)
(in times of wavelength) 
	(0.5, 0.5, 0.5) 

	UE speed 
	3km/h 

	Hand over margin
	1 dB

	Traffic model 
	Full buffer 

	Scheduling scheme
	Proportional fairness(PF)

	Receiver algorithm 
	MMSE receiver 

	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

	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


Table 1.2. Simulation Assumptions for Scenario 3

Under the simulation assumption and defined CoMP threshold, we have CoMP UE percentage shown in Table 2.1 for Scenario 1 and in Table 2.2 for Scenario 3. 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 36.66% UE involved in scenario 1 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 2.1. CoMP UE Percentage for Scenario 1
	
	0-3 dB 
	3 -6dB 
	6-9 dB 
	Total 

	CoMP UE of Macro 
	23.45% 
	3.22% 
	2.94% 
	29.61% 

	CoMP UE of RRH 
	2.41% 
	3.56% 
	4.68% 
	10.66% 

	Total CoMP UE 
	25.86% 
	6.78% 
	7.63% 
	40.27% 


Table 2.2. CoMP UE Percentage for Scenario 3
The simulation results for scenario 1 are shown in Table 3.1 and Table 3.2 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 3.1. Spectral Efficiency Comparison for scenario 1 (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 3.2. Spectral Efficiency Comparison scenario 1 (without CoMP scheduling decision)

The simulation results for scenario 3 are shown in Table 4. Due to Hetnet deployment with RRH in the Macro coverage, it’s reasonable to see that majority of CoMP UEs locates in 0-3dB power difference range in Table 2.2. 
	
	0-3 dB 
	3 -6dB 
	6-9 dB 

	
	Marco 
	RRH 
	Total 
	Marco 
	RRH 
	Total 
	Marco 
	RRH 
	Total 

	Non CoMP (SU-MIMO) 
	0.0488 
	0.0788 
	0.0512 
	0.0814 
	0.127 
	0.107 
	0.1174 
	0.1572 
	0.1394 

	CoMP 
	0.0616 
	0.1079 
	0.0717 
	0.0847 
	0.131 
	0.111 
	0.106 
	0.139 
	0.1247 

	gain 
	41% 
	37% 
	40 % 
	4 % 
	4% 
	4% 
	-9% 
	-11% 
	-10% 


Table 4. Spectral Efficiency Comparison scenario 3 (with CoMP scheduling decision)
From simulation results of scenario 1 and 3, 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 (e.g. 6dB), the network should not schedule the UE for CoMP operation no matter what. 
Comparing simulation results of scenario 1 in Table 3.1 and scenario 3 in Table 4, in the power difference range of 0-3dB (e.g. UEs in the cell center), one can also easily observe that the CoMP gain for scenario 3 with JT will be significant out-perform CoMP gain for scenario 1 with JT up to 20%. This fact results from that more CoMP qualified UEs are essentially scheduled with CoMP operation because of scenario 3 channel characteristics (e.g. interference mitigation by more accurate spatial coordination) and deployment (e.g. average distance from each of two transmission points to a CoMP UE is closer), as well as that the scheduling coordination is better when RRH is controlled by the eNB.  For 3-6 and 6-9dB reception power difference ranges, the simulation results for scenario 1 and 3 are quite similar due to those CoMP UEs are usually cell edge UEs. 
Another observation from scenario 1 simulation result in Table 3.1 and 3.2 is that even though the scheduling decision may not provide higher CoMP gain at lower power difference level, the schedule decision indeed maintains relatively higher CoMP gain while power imbalance level gradually increases. In other words, dynamic scheduling coordination should be supported for joint processing which requires high capacity and low latency backhaul. For, data, scheduling coordination, HARQ and channel information should be available at each transmission point. In addition, scheduling decision 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. 
According to the above observations, the proper 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. Judging from 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.
The scheduling decision would contain many factors, which increases significant system complexity and unnecessary signalling overhead for no improvement of system performance. To achieve multiple point joint transmission, downlink control signaling for indicating transmission points to the CoMP UEs is also required and could be done by dynamic signaling or semi-static configuration. In addition, multi-point CSI feedbacks for cooperating set are required from the UE by measuring CSI of transmission points. Multi-point CSI feedbacks can formed in several ways, such as per-point CSI, partial per-point CSI+aggregated/inter per-point CSI+serving cell reference CSI, or aggregated/inter per-point CSI+serving cell reference CSI. 
To provide accurate channel information feedback, it’s considered to either enhance downlink reference signal for better channel estimation and coherent demodulation, or reduce power imbalance level (e.g. inaccurate RI or channel measurement because of large power difference). Theoretically, the more accurate measurement report is provided, the better channel compensation can be achieved. On the other hand, sensitivity to the synchronization error and timing misalignment is crucial for combining gain so that the UE might also need to feedback the relative phase information between coordinated transmission points to ensure coherent combining. Moreover, judging from the impact of power imbalance level among transmission points to the system performance, the UE might also need to feedback additional precoding related information (e.g. precoding scalar and/or refined PMI). Even though this contribution is for the DL CoMP, we can image that similar impact will happen to the UL CoMP cases. For UL CoMP, either feedback additional precoding related information or apply proper power control compensation could help to reduce impact of received power imbalance at uplink.
One extension of JT is to apply dynamic point selection of multiple points for JT. In [5], 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 showed the simulation on how the performance impact could be under different reference schemes. Basically, it’s easy to show that dynamic point selection (e.g. selected by network or UE) of multiple points would have similar observation and impact. 
From network point of view, the scheduling decision (e.g. dynamic selection of transmission points) including dynamic point blanking is examined by the network. To achieve that, multi-point CSI feedbacks for cooperating set are required from the UE for selection of transmission points at network. The dynamically selected transmission points should apply coordinative precoding for joint transmission. From UE point of view, the UE can indicate the preferred transmission point(s) and less preferred coverage(s)/point(s)/channel(s) (e.g. for dynamic point/sector/resource blanking in various CoMP scenarios) based on measurement. Compared to joint transmission scheme, the feedback overhead could be reduced because the UE might only feedback CSI of preferred transmission point (e.g. with better channel condition) and/or selection of muting point or muting channel. 
Other than taking CSI information as selection criteria for JT+DPS, the benefits by taking power allocation or power balance into the consideration of the selection of multiple transmission points could be foreseen according to the above simulation results. For, it’s not always better to choose cells/points/channels with better RSRP, but choose cells/points/channels with less power imbalance level. Therefore, for coordination at joint transmission, network may consider cells/points/channels with less power imbalance, or easier for power allocation/coordination/compensation, which either requires both work at network and the CoMP UEs. 
3
Conclusions
In this contribution, we observe the impact of scheduling decision and DL reception power imbalance to the system performance and CoMP UE under joint transmission operation in scenario 1 and 3. According to the simulation results, we show JT has promising CoMP gain in both scenarios under certain reception power difference range. We conclude that the proper way to maintain both relatively high system performance and high CoMP gain at cell edge is to reduce reception power difference level, where few intuitive alternatives on power imbalance reduction are provided. In addition to that, we also show that taking power allocation or power balance into the consideration of dynamic selection of multiple transmission points provide benefits for JT and JT+DPS. Some additional tasks to achieve joint transmission operation, such as multi-point CSI feedbacks, information synchronization (over system backhaul), downlink control information and reference signal, are briefly described as well. 
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Appendix
For your reference, we actually have performed per dB simulation for scenario 1 with JT as listed in Table 5 and Table 6. The simulation result doesn’t affect our observations in the trend. However, we did find an additional interesting observation that the CoMP gain drops significantly in the range of 2-3dB power difference level, especially compared with other reception power difference levels. This might result from some uncertain factors. Therefore, it’s reasonable to focus on CoMP gain comparison upon certain CoMP threshold for later CoMP performance evaluation. 

	
	0-1dB
	1-2dB
	2-3dB
	3-4dB
	4-5dB
	5-6dB
	6-7dB
	7-8dB
	8-9dB

	CoMP UE percentage 
	6.86
	6.49
	5.98
	6.01
	6.37
	5.21
	4.51
	4.28
	4.09


Table 5. CoMP UE percentage (per dB range)

	
	0-1dB 
	1-2dB 
	2-3dB 
	3-4dB 
	4-5dB 
	5-6dB 
	6-7dB 
	7-8dB 
	8-9dB 

	Non CoMP (SU-MIMO) 
	0.0512 
	0.0827 
	0.1107 
	0.1305 
	0.1571 
	0.1784 
	0.1899 
	0.2067 
	0.2163 

	CoMP 
	0.0686 
	0.1065 
	0.1276 
	0.1439 
	0.1651 
	0.1781 
	0.1807 
	0.1835 
	0.8141 

	gain 
	34% 
	28% 
	17% 
	11% 
	5.1% 
	-0.1% 
	-4.8% 
	-11.8%
	-14.9% 


Table 6. Spectral Efficiency Comparison (per dB range without CoMP scheduling decision)
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