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1. Introduction
In the RAN1#66bis Zhuhai meeting, simulation assumptions for UL CoMP/Non-CoMP evaluation have been discussed, and the relevant agreements were summarized in [1]. In this contribution, system level simulation as to uplink power control enhancement has been performed in HetNet deployment scenario. Hereupon, based on simulation results, uplink power control issue in HetNet deployment scenario is to be discussed.
2. Evaluation for Uplink Power Control in HetNet Scenario
2.1. Simulation Assumptions for Scenario #3
In the co-channel HetNet deployment scenario, it leads to an inefficient operation if UE’s UL reception points set to be identical with the DL transmission point that was set based on downlink reference signal received power (RSRP) due to the difficulty in UL interference coordination between macro node (MeNB) and low power nodes (LPNs). The reason of such a phenomenon is that, due to the transmission power difference between MeNB and LPN, the DL transmission point that has been set based on the best RSRP is not to be an optimal UL reception point. For example, the optimal UL reception point in the perspective of specific UE can be the point that guarantees the minimum pathloss (PL) which UE becomes able to reduce its UL transmission power.
Figure 1 is an example of UL interference issue occurred if UE transmits its UL signal to the DL transmission point that is set based on the best RSRP. Here, RSRP border means the location where the RSRP from MeNB and pico eNB are the same. In addition, PL border represents the location where the pathloss from MeNB and pico eNB are the same.
[image: image1.emf]MeNB

Pico eNB #1

RSRP border PL border

DL

transmission

UL

transmission

UL

interference

MUE#1

MUE#2

MUE#3

Pico eNB #2


Figure 1: An example of UL interference issue occurred if UE transmits its UL signal to the DL transmission point that is set based on the best RSRP
As shown in Figure 1, RSRP border and PL border become inconsistent due to a transmitting power difference between MeNB and pico eNB. If UE transmits its UL signal to the DL transmission point from which the largest RSRP is measured, it causes problem on UL interference. For example, an optimal UL reception point of MUE #1 (MUE #2) becomes to pico eNB #1 (pico eNB #2) on a basis of PL border. However, if MUE #1 (MUE #2) transmits its UL signal to MeNB, relevant UL signal transmission causes strong UL interference to pico eNB #1 (pico eNB #2) because due to the high transmission power from MUE #1 (MUE #2) to maintain identical reception performance with UL signal. Therefore, UL signal of MUE #1 (MUE #2) with higher UL power set induces stronger UL interference on pico eNB #1 (pico eNB #2) that are located closely.
Considering aforementioned interference issue, an independent setting for the DL transmission point and UL reception point of UE needs to be considered in co-channel HetNet deployment scenario. For example, in specific UE’s view, DL transmission point and UL reception point can be set based on the best RSRP and minimum PL, respectively. The following three cases are be considered for the evaluation:
· Case 1: Scenario for setting UL reception point same as DL transmission point
· Select DL/UL reception point based on RSRP
· UL open-loop PC using the DL PL
· Case 2: Scenario for setting UL reception point independently of DL transmission point
· Select UL reception point based on minimum PL
· Select DL transmission point based on the best RSRP
· UL open-loop PC using the PL to UL reception point
· Case 3: Scenario for setting UL reception point independently of DL transmission point
· Select UL reception point based on minimum PL
· Select DL transmission point based on the best RSRP
· UL open-loop PC using the DL PL
In the system level simulation, identical power control parameters (i.e.,  and P0_PUSCH) is applied on MeNB and LPN for the sake of simplicity. Cell range expansion (CRE) value and  are set to be {0, 10} dB and {0.8, 1.0}, respectively. Additional details of the simulation parameters and assumptions are summarized in Appendix.
2.2. Simulation Results
The performance evaluation results as to various simulation scenarios are shown in the below tables.
Table 1. Performance Result for “0.8” and Configuration #1
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Table 2. Performance Result for “0.8” and Configuration #4b
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Table 3. Performance Result for “1.0” and Configuration #1
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Table 4. Performance Result for “1.0” and Configuration #4b

[image: image5.png]Gain Gain
Configuration #4b Casel | Case2 Case3
[%] [%]
Average user N N
rogn gy | 1271 | 2095 | otwe | 1 | 278
Celledge user
CRE 3 3
G| et | 0| 15| 100% | |
AverageoT[dB] | 168 | 86 | NA | 135 | NA
Macro UE ratio [%] | 28.8% | 78% | NA | 78% | NA
Average user B
v gy | 1| 205 | 1 | 20 | so%
CRE Celledee user 800 | 1072 | 340% | 1031 | 288%
1odge | throushput [kbps]
10 B
AverageoT[dB] | 104 | 86 | Na | 92 | NA
Macro UE ratio [%] | 13.6% | 78% | NA | 78% | NA





Comparing performance evaluation results of various simulation scenarios, Case 2 shows the best UE throughput performance. The reason for this result is because UL MUE ratio is reduced as UL reception point selection is made based on minimum PL, and also interference to LPN is significantly reduced as UL open-loop power control is carried out based on minimum PL. Case 2 led to the smallest value of average interference over thermal noise (IoT) as a result. 
Regarding the fractional power control parameter, setting to  shows better UE throughput performance than of The reason is that using a smaller value can reduce the interference to LPN, especially from macro UEs close to the LPN, by the virtue of the fractional power control. 
Also, it is shown that the difference in UE throughput performance between various simulation scenarios is reduced as CRE value is set high. The reason is that, with a higher CRE value, UE ratio having DL connection with LPNs is increased so that more UEs are associated with the UL reception point having the smallest pathloss even with the RSRP-based cell association. 
3. Conclusion

In this contribution, the system level simulation on uplink cower control enhancement is performed according to HetNet deployment scenario. Also, uplink cower control issue in HetNet deployment scenario is discussed based on simulation results and the following observations have been obtained.
Observation 1: Comparing performance evaluation results of various simulation scenarios, in HetNet deployment scenario the method that UL reception point of particular UE is set independently of DL transmit point shows better UE throughput performance. 
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Appendix: Simulation Parameters and Assumptions
	Parameter
	Value

	Deployment scenario
	Scenario #3 

- Heterogeneous network with low power RRH within macro cell coverage   

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	System frequency
	2 GHz carrier, 46 RBs for PUSCH

	Number of Picos per sector
	4

	Number of UEs per sector
	25 for configuration #1, 30 for configuration #4b

	Cell selection bias
	0, 10 dB

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	UE speeds of interest
	3 km/h 

	Antenna configuration
	2x2x1 antenna 
(# of Rx Ant. at Macro node x # of Rx Ant. at RRH node x # of Rx Ant. at UE)

Macro & low power node: Co-polarized antennas, 0.5 wavelengths separation
UE: Co-polarized antennas, 0.5 wavelengths separation

	Control channel and
 reference signal overhead 
	10 ms for UE-specific SRS periodicity

4PRBs for PUCCH

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal











PAGE  
1

