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1. Introduction

In UL CoMP scenario 4, it is assumed that all the transmission/reception points (TPs/RPs) in a macro area have the same cell ID to share for example the control information. This means that all TPs/RPs in the macro area have to use the same cell specific parameters when we apply the Rel-10 mechanism to this scenario.

In this contribution, we focus on the TPC parameters, and discuss some possible enhancements in UL CoMP scenario 4. We show the benefits of apply UE-specific TPC parameters for Rel-11 UL CoMP, instead of the cell-specific TPC parameters as in Rel-10, i.e. common TPC parameters among all RPs in the macro area.

2. TPC in CoMP scenario 4
In LTE Rel-10, the TPC for PUSCH is defined as below.
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PO_PUSCH,c is the sum of cell specific parameter PO_NOMINAL_PUSCH and UE specific parameter PO_UE_PUSCH, and c is a cell specific parameter. Therefore, when the Rel-10 mechanism is directly applied to CoMP scenario 4, the same specific parameters should be used for all UEs in a macro area.

However, in order to improve the macro area throughput, it is preferable to flexibly set some TPC parameters in each RP as well as for CoMP scenario 3 [1-3]. One consideration is how these parameters affect macro area throughput for the pathloss-based RP selection case and for the Rel-10 DL based RP selection case.

We simulated some TPC parameter choices and ranges of values for UL CoMP scenario 4 for each RP selection case, and reviewed the resulting impacts to macro area throughput with Pathloss (Coupling Loss) variations.
Table 2 (a)-(d) in Annex 5.2.1 show system level simulation results in both the Non-CoMP and JR-CoMP cases. As we can see from Table 2, the performance with different TPC parameters between macro eNB and LPN outperforms the performance with same TPC parameters. Especially, in the Rel-10 DL based RP selection case, large gain can be obtained both macro area throughput (3.8-4.7% from [-70, 0.6] in all RPs) and 5%-ile UE throughput (15.0-31.0% from [-70, 0.6] in all RPs) by setting different TPC parameters flexibly. This is because the macro RP UEs tend to compensate for the large pathloss between UEs and the macro RP, as shown in Figure 4 (Annex 5.3.3). Therefore, the transmission power of the macro RP UEs gets higher than that of the LPN UEs and then the LPN RP UEs suffered interference from macro RP UEs. In this case, one of the best ways to improve the macro area throughput is to use smaller  value for the LPN RP UEs and larger  value for the macro UEs not to generate large interference for LPN RPs.
The simulation results show the benefits of applying UE-specific parameters, instead of the cell-specific TPC parameters as in Rel-10, i.e. common TPC parameters among all RPs in the macro area.

Therefore, we propose;
Proposal:

· RAN1 should study enhancements of TPC parameters in Rel-11 for UL CoMP scenario 4.
· RAN1 should study flexible setting of P0 and  values for UL CoMP scenario 4.
· RAN1 should study the benefits of applying UE-specific parameters for Rel-11 UL CoMP, instead of the cell-specific TPC parameters as in Rel-10, i.e. common TPC parameters among all RPs in the macro area.

3. Conclusion
In this contribution, we showed the necessity of enhancement of TPC parameters in UL CoMP scenario 4. Our proposal can be summarized as following

Proposal:
· RAN1 should study enhancements of TPC parameters in Rel-11 for UL CoMP scenario 4.
· RAN1 should study flexible setting of P0 and  values for UL CoMP scenario 4. 
· RAN1 should study the benefits of applying UE-specific parameters for Rel-11 UL CoMP, instead of the cell-specific TPC parameters as in Rel-10, i.e. common TPC parameters among all RPs in the macro area.
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5. Annex
5.1. Simulation parameters

Table 1. Simulation parameters

	Parameter 
	Values 

	Bandwidth 
	10 MHz, 46 RBs for PUSCH 

	Carrier Frequency 
	2.0 GHz 

	Antenna Configuration 
	1 x 2 (Macro eNB & LPN)
Vertically-polarized ULA with 4 spacing at Macro RP and LPN RP

	Cell Layout 
	Hexagonal grid, 19 cell sites,3 sectors per site 

	Number of UEs 
	25 (Config#1), 30 (Config#4b)

	Number of low power node per macro-cell 
	4 

	Access scheme 
	SC-FDMA 

	Receiver Type 
	Non-CoMP : Linear MMSE
CoMP : MU-MIMO type receiver is applied to remove the interference in coordination area.

	Channel estimation for DMRS & SRS 
	Ideal

	HARQ scheme 
	Chase combining
Synchronous & Non-adaptive
Maximum retransmission number = 4

	Scheduling algorithm 
	Proportional Fairness
In CoMP case, each RP independently schedules UEs in serving area.

	SRS setting 
	10 msec period, Wideband

	Reception point selection
	Non-CoMP : Rel-10 DL based (CRE=0dB) and pathloss based (CRE=16dB)
CoMP : pathloss based reception point selection

	Power Control 
	[P0, ] = [-80, 0.7] (all RPs)
[P0, ] = [-70, 0.6] (all RPs)
[P0, ] = [-80, 0.7] (Macro eNB), [-70, 0.6] (LPN) (different parameters)
No closed loop and Ks=0

	Backhaul assumption 
	zero delay 

	Traffic model 
	Full buffer 

	CoMP scheme 
	Non-CoMP
JR-CoMP (coordination area : 1 macro eNB & 4 LPNs)

	Pathloss model
	Same as in TR36.819

	UE Tx power limit
	23 dBm


5.2. Simulation results

5.2.1. Performance
Table 2 System Level Simulation Results
(a) Non-CoMP case (Configuration 1)

	
	TPC parameters
[P0, ]
	Macro Area Throughput [bps/Hz]
	LPN RP throughput [Mbps/LPN]
	5%-ile UE throughput [bps/Hz]
	Macro RP IoT [dB]
	LPN RP IoT [dB]
	Macro UE ratio

	pathloss based RP selection
	[-80, 0.7] (all RPs)
	5.22
	11.16
	0.0623
	12.57
	10.28
	17.62

	
	[-70, 0.6] (all RPs)
	5.43
	11.57
	0.0529
	13.43
	14.75
	

	
	[-80, 0.7] (Macro)
[-70, 0.6] (LPN RP)
	5.47
	12.17
	0.0483
	14.04
	12.59
	

	Rel-10 DL based RP selection
	[-80, 0.7] (all RPs)
	4.39
	8.33
	0.0342
	8.51
	13.40
	45.96

	
	[-70, 0.6] (all RPs)
	4.71
	9.16
	0.0248
	10.99
	15.76
	

	
	[-80, 0.7] (Macro)
[-70, 0.6] (LPN RP)
	4.93
	9.87
	0.0325
	9.08
	15.04
	



(b) Non-CoMP case (Configuration 4b)
	
	TPC parameters
[P0, ]
	Macro Area Throughput [bps/Hz]
	LPN RP throughput [Mbps/LPN]
	5%-ile UE throughput [bps/Hz]
	Macro RP IoT [dB]
	LPN RP IoT [dB]
	Macro UE ratio

	pathloss based RP selection
	[-80, 0.7] (all RPs)
	6.13
	13.24
	0.0771
	13.02
	10.63
	8.58

	
	[-70, 0.6] (all RPs)
	6.50
	14.13
	0.0702
	14.86
	13.74
	

	
	[-80, 0.7] (Macro)
[-70, 0.6] (LPN RP)
	6.54
	14.68
	0.0734
	13.06
	13.23
	

	Rel-10 DL based RP selection
	[-80, 0.7] (all RPs)
	4.79
	9.00
	0.0469
	9.03
	15.20
	29.32

	
	[-70, 0.6] (all RPs)
	5.26
	10.17
	0.0428
	10.38
	17.72
	

	
	[-80, 0.7] (Macro)
[-70, 0.6] (LPN RP)
	5.46
	10.99
	0.0492
	8.86
	16.66
	



(c) CoMP case (Configuration 1)
	TPC parameters
[P0, ]
	Macro Area Throughput [bps/Hz]
	5%-ile UE throughput [bps/Hz]

	[-80, 0.7] (all RPs)
	6.22
	0.0704

	[-70, 0.6] (all RPs)
	6.65
	0.0646

	[-80, 0.7] (Macro), [-70, 0.6] (LPN RP)
	6.67
	0.0660


(d) CoMP case (Configuration 4b)
	TPC parameters
[P0, ]
	Macro Area Throughput [bps/Hz]
	5%-ile UE throughput [bps/Hz]

	[-80, 0.7] (all RPs)
	7.98
	0.0704

	[-70, 0.6] (all RPs)
	8.65
	0.102

	[-80, 0.7] (Macro), [-70, 0.6] (LPN RP)
	8.70
	0.109


5.2.2. C.D.F. of UE throughput
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	(1) Configuration 1
(Pathloss based RP selection)
	(2) Configuration 4b
(Pathloss based RP selection)
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	(3) Configuration 1
(Rel-10 DL based RP selection)
	(4) Configuration 4b
(Rel-10 DL based RP selection)


Figure 1 C.D.F of user throughput for scenario 4 (Non-CoMP case)
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	(1) Configuration 1
	(2) Configuration 4b


Figure 2 C.D.F of user throughput for scenario 4 (CoMP case)
5.3. C.D.F. of Pathloss (Coupling Loss)
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	(1) Configuration 1
(pathloss based RP selection)
	(2) Configuration 4b
(pathloss based RP selection)
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	(3) Configuration 1
(Rel-10 DL based RP selection)
	(4) Configuration 4b
(Rel-10 DL based RP selection)


Figure 3 Pathloss (Coupling Loss) distribution
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