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1 Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN#68 meeting, the new SID for B41 HPUE [1] was approved. In the current LTE system, the uplink power control model for 23dBm UEs are widely used as follows [2]:
	

	(1)


where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the path coupling loss defined as max{pathloss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadowfading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control, the x percent of UEs that have the highest coupling loss will transmit at Pmax.  Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel [3]. And we can change the power adaptive step by adjusting the value of  and CLx-ile.
 For the value of  and CLx-ile, TR 26.942 has proposed two parameters sets:
Table1: Parameter sets for power control algorithm in TR 26.942
	Parameter set
	Gamma
	CLx-ile

	
	
	20 MHz bandwidth
	15MHz bandwidth
	10MHz bandwidth
	5MHz bandwidth

	Set 1
	1
	109
	110
	112
	115

	Set 2
	0,8
	TBD
	TBD
	129
	133



2 Discussion
In this section, we will discuss the problems caused by HPUE, and then proposed an improved power control scheme for HPUE to relieve the inference to 23dBm UE for a better performance in coexistence scenario.
2.1 Problems caused by HPUE
It is inevitable to cause serious interference to traditional 23dBm UE due to the high uplink power of HPUE when we implement HPUE in B41. For the current applied power control model, if we use the same parameters set to be configured for both HPUE and 23dBm UE, it is obviously to see that the actual uplink power of HPUE can be much higher than normal UE under the same channel condition in the scenario that UE is close to the eNB, which can cause a waste of energy and great interference to 23dBm UE with scarcely performance enhancement. Therefore, it is not appropriate to use same set for two kinds of UE. However, if we use set1 parameters for 23dBm UE and set 2 for HPUE, the HPUE can't quickly adapt to environment changes especially in the scenario when HPUE requires high power to transmit (for example, the UE locates at cell edge), which greatly limit the performance after deploying HPUE in B41.
2.2 Improved power control scheme
In order to guarantee the 23dBm UE communication quality while giving a full advantage of HPUE especially in cell edge scenario, power control parameters should be more strictly differentiated based on different channel quality condition. We propose to define the UEs into two states: cell-edge-user and non-cell-edge-user. And then, the power control model given in Eq.(1) can be further written as follows, where different parameter sets are used for different states:
	

	(2)


When HPUE is judged to belong to cell edge users, the parameters in set1 is used. And set2 parameters are used when it is determined to belong to non-cell edge users.
Proposal 1: In order to enhance the performance of HPUE in practical scenarios while friendly coexisting with 23dBm UE, we propose that the number of parameter sets can be properly increased in order to meet the demand of power control performance after deploying HPUE in current systems.
2.3 Definition of cell-edge HPUE
In the proposed scheme, the key point is how to define the cell-edge-users and non-cell-edge users. Here, we propose two methods based on different reference thresholds to distinguish HPUE state:
1) Pathloss_Threshold_based Method:
In the process of carrying on power control scheme, the value of CL will be measured, which can be used to estimate current channel quality. By comparing the measured CL value with a CL_Threshold, the HPUE state can be defined. When the CL value is above the threshold, the HPUE will be considered as a cell edge user; otherwise, it is classified as a non-cell-edge user.
This method does not require addition information of new measurement, and it is simple and easy to be implemented. However the classification may not be accurate because the CL value can be greatly affected by instantaneous channel quality.
2) ActiveSet_Threshold_based Method:
This approach defines the user state by the number of eNBs in ActiveSet. If the number of eNBs in HPUE ActiveSet is greater than m (m>=1), then the user is supposed to move to cell edge. This method is more accurate, however, addition information is needed and will increase the overhead cost. 
Proposal 2: When defining whether a HPUE is a cell-edge-user, two possible definitions, i.e. Pathloss_Threshold_based and ActiveSet_Threshold_based definition, can be applied. Other similar criteria, such as SINR measurement, can also be applied.
Proposal 3：Whether it is appropriate to divided HPUE just in two states with the increasing of power control parameters can be further studied. System complexity will be increased when more states of HPUE are defined. Therefore, a dynamic balance between the performance enhancement and system complexity should be future follow-up work to be carried out.
3 Comparison of Schemes
[bookmark: _GoBack]In this part, the performance of the power control scheme given in Section 1 and the proposed power control scheme is compared. For 23dBm UEs and 26dBm cell-edge UEs we apply power control set1, and for 26dBm non-cell-edge UEs we apply set2. Besides the threshold of ActiveSet_Threshold_based Method is set as PathLoss=105dB. This is the value of pathloss when abscissa value is 0.4 in total UEs CDF distribution as shown in appendix Fig .3, which means in the simulation there are about 40% UEs can be defined as non-cell-edge users and 60% UEs can be defined as cell-edge users. The simulation results as shown in Fig.1(with ISD=750m) and Fig.2(with ISD=8km). 
[image: ]
Fig.1 Performance comparison of different power control schemes (ISD=750m)

[image: ]
Fig.2 Performance comparison of different power control schemes (ISD=8km)

Observation 1: Both the Pathloss_Threshold_based method and the ActiveSet_Threshold_based method, could introduce throughput gain for 23dBm UEs under two considered cases (ISD=750m/ISD=8km).
Observation 2: For 23dBm UEs, the performance of ActiveSet_Threshold_based method is slightly better than Pathloss_Threshold_based method.
Observation 3: Both the Pathloss_Threshold_based method and the ActiveSet_Threshold_based method, will make the throughput of 26dBm UEs slightly decrease when ISD=750m. In this case, more UEs will be decided as non-cell-edge-users, and makes slow increase of Tx power of 26dBm UEs, and finally result in smaller throughput.

4 Conclusion
In this contribution, we analyse an improved power control scheme with two cell-edge definitions for HPUE for the sake of better coexisting performance. 
Proposal 1: In order to enhance the performance of HPUE in practical scenarios while friendly coexisting with 23dBm UE, we propose that the number of parameter sets can be properly increased in order to meet the demand of power control performance after deploying HPUE in current systems.
Proposal 2: When defining whether a HPUE is a cell-edge-user, two possible definitions, i.e. Pathloss_Threshold_based and ActiveSet_Threshold_based definition, can be applied. Other similar criteria, such as SINR measurement, can also be applied.
Proposal 3：Whether it is appropriate to divided HPUE just in two states with the increasing of power control parameters can be further studied. System complexity will be increased when more states of HPUE are defined. Therefore, a dynamic balance between the performance enhancement and system complexity should be future follow-up work to be carried out.
Observation 1: Both the Pathloss_Threshold_based method and the ActiveSet_Threshold_based method, could introduce throughput gain for 23dBm UEs under two considered cases (ISD=750m/ISD=8km).
Observation 2: For 23dBm UEs, the performance of ActiveSet_Threshold_based method is slightly better than Pathloss_Threshold_based method.
Observation 3: Both the Pathloss_Threshold_based method and the ActiveSet_Threshold_based method, will make the throughput of 26dBm UEs slightly decrease when ISD=750m. In this case, more UEs will be decided as non-cell-edge-users, and makes slow increase of Tx power of 26dBm UEs, and finally result in smaller throughput.
5 Appendix
[image: C:\Users\latte\Documents\Tencent Files\1004358034\Image\C2C\WK__8URHL6))@H(9~1`HPIU.png]
Fig.3 PathLoss CDF of Total UE
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