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1.0 Introduction 
At the last RAN4 meeting it was discussed should Power Control 1A/2A or 1B/2B be used for setting the ACLR requirements for higher power devices.  
2.0 Background

The main objective is to ensure the OOB from a higher power device should not increase the interference more than that of the reference +23dBm power class device.  The issue is also relevant in the case for HPUE (target 33dBm) and also applicable to other devices like CPE (target was 28dBm) and Relay (target is 24 & 30dBm)  

At RAN4#64 it was proposed to study [6] new simulation assumptions for the case 1B/2B in order see the impact of an aggressive power control algorithm for this higher power device. Results for the different companies for the new power control Set 1B/2B are presented below compared with the standard power control algorithm The principle of set 1A/2A was used to derive the release 8 specification, CPE assumptions and also the more recent mobile/ relay work item 
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1A / 2A

Alcatel Lucent (R4-125039) 8 7 4 6

EADS/Cassidian(R4-125652 / 125649) 5 4 2 4

Ericsson/ST-Ericsson  (R4-125578) 5 8 3 8

General Dynamics Broadband (R4-125213) 5 5 3 3

Motorola Solutions (R4-125121) 5 5 <5 <5

1B / 2B

Alcatel Lucent (R4-125039) >15 >15 14.5 >15

EADS/Cassidian(R4-125652 / 125649) >15 9.5 7.5 8.5

Ericsson/ST-Ericsson (R4125578) 8 10 8 10

General Dynamics Broadband (R4-125213) >15 15 8.5 8.5

Motorola Solutions (R4-125121/) >10 10 10 10


Table 2.1 Simulation results for Power control set A and B
For LTE fractional power control is supported, allowing the network operator to increase throughput by increasing the CDF of the UE transmit power but at the expenses of degraded UE battery life and an increase in the interference to an adjacent operator cell. The key observations from these simulations are;
a) The standard power control algorithm (1A/2A) as used for previous work in 3GPP indicates that for an increase of 10dB from 23 dBm to 33dBm requires the ACLR to be tighter by 5-8 dB. 
b) The aggressive power control algorithm (1B/2B) would require the eNB to set different PO__PUSCH values for HPUE and 23dBm UE, which is not possible without eNB specification changes. 
Note; Results above are shown for a MOP target of +33dBm. For a lower MOP the ALCR requirements are expected to be lower.
In the next sections we indicate that that the 3GPP specification and RAN4 assumptions does not support independent power control parameters for different types of device in the same network.  More importantly the goal of a higher power device is to provide rural coverage and not to seek a higher throughout
3.0
Assumptions
. The assumptions used for the work item are as follows

· Reference ;  4km cell range, rural area, 23dBm UE for both B13 and B14 systems
· HPUE case: 8km cell range, rural area, 33dBm UE for B14 systems
The power control sets can be derived based on the following formula (see Annex A): 
CLxile_HPUE = CLxile_23dBm + (ΔPmax-Δ PO_PUSCH)/Gamma
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Set 1A

1 111dB 121dB 10dB

Set 2A

0.8 126dB 138.5dB 12.5dB

Set 1B

1 111dB 117dB 6dB

Set 2B

0.8 126dB 134.5dB 8.5dB


Table 3-1;
Power control parameter sets a v.s B

ΔPmax is 10dB for all the cases. As we can see that set 1A/2A assumes ΔCLxile = ΔPmax/Gamma with ΔPO_PUSCH = 0. This is exactly what happened in a real system. In the current eNB configuration setting, there is only one variable to set PO_PUSCH. The eNB does not have the capability to set different PO_PUSCH for UEs with different power class. The same principle was used in the previous B13 CPE study, also in the Relay study [2], [3], [4], and [5]. Especially in [5] Table 6.6.1-2 and 6.6.1-3, where two power classes are defined for Relay node (24dBm and 30dBm), the power control parameters follow the same principle, i.e., ΔCLxile = ΔPmax/Gamma. 
Set 1B/2B assumes 4dB increase in target receive power (PO_PUSCH) for HPUE, which is un-realistic and not implementable in the current eNB setting.  For the same eNB supporting both 23dBm UE and HPUE, only one value of PO_PUSCH can be set at eNB, i.e., ΔPO_PUSCH = 0. So the outcome of the study of investigating different power control for UE and HPUE is not realistic and not implementable in a B14 network. 
On the other hand, if the more aggressive PO_PUSCH value is used for HPUE, to have a meaningful comparison, the baseline scenario should also use the more aggressive PO_PUSCH to set the power control parameters. In this case, even the baseline case (B14 system with 23dBm UEs) will cause harmful interference to B13 eNBs. Please see detailed explanation in Annex A.
4.0 Conclusion 
At RAN4 it was proposed to study [6] new simulations for the case 1B/2B in order see the impact of an aggressive power control algorithm if a higher power device is used in the same deployed cell. 

a) Current eNB only has one place to set the value PO_PUSCH, both power class 3 UE and HPUE has to obey the same PO_PUSCH value. Power control sets 1B/2B is not possible in the current eNB setting.
b) The same  PO_PUSCH value should be used for the baseline case the HPUE case in order to have a fair comparison of interference
c) It should also be noted the goal of the higher power device is to provide rural coverage and not to seek a higher throughout as suggested by use of Power Control sets 1B/2B
In conclusion the standard power control algorithm (1A/2A) as used for previous work in 3GPP be used for setting the ACLR requirements for higher power devices such as B14 HPUE as previously used for CPE work item and current mobile relay work item   
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6.0
Annex A: Power control Schemes in RAN1 and RAN4
The control scheme implemented in the real system is based on TS36.213. In RAN4, the power control scheme in the coexistence study is based on TR36.942. However, both are based on the fractional power control scheme and can be converted from one to the other.  The assumptions used for the coexistence study are as follows
· Baseline:     4km cell range, rural area, 23dBm UE for both B13 and B14 systems
· HPUE case: 8km cell range, rural area, 33dBm UE for B14 systems
The goal is to derive the power control parameter sets for the HPUE case based on the baseline case. Based on TS36.213, UE transmit power is set by (ignore the close loop part for simplicity)
 Ptx = PO_PUSCH + gamma * CL          
















      
(1)

· PO_PUSCH  is the received target power, a parameter set at eNB

· CL is the coupling loss
RAN4 power control scheme (simplified based on TR36.942)
Ptx = Pmax + gamma * (CL – CLxile)                                                                                                        (2)

· Pmax is the MOP of the UE

· CL is the couple loss, and CLxile is the set parameter

Based on (1) and (2), we have 
CLxile = (Pmax - PO_PUSCH)/Gamma,                                                                                                         (3)

Hence we have 
CLxile_HPUE = CLxile_23dBm + (ΔPmax-Δ PO_PUSCH)/Gamma                                                            (4)
	
	
	Set 1A
	Set 2A
	Set 1B
	Set 2B

	a
	Baseline CLxile
	111dB
	126dB
	111dB
	126dB

	b
	ΔPmax
	10dBm
	10dBm
	10dBm
	10dBm

	c
	Δ PO_PUSCH
	0dB
	0dB
	4dB
	3.2dB


	d
	Gamma
	1
	0.8
	1
	0.8

	e = (b-c)/d
	Δ CLxile
	10dB
	12.5dB
	6dB
	8.5dB

	f = a+e
	HPUE CLxile
	121dB
	138.5dB
	117dB
	134.5dB


Table A-1, Derivation of power control parameter sets A and B based on the baseline set
Table A-1 calculated the power control parameter set 1A/2A and 1B/2B based on (4) and the baseline parameters. 

From (3) we can see that there is a one to one correspondence between Pmax, PO_PUSCH and CLxile. As we can see that set 1A/2A assumes ΔCLxile = ΔPmax/Gamma with ΔPO_PUSCH = 0. This is exactly what happened in a real system. In the current eNB configuration setting, there is only one variable to set PO_PUSCH. The eNB does not have the capability to set different PO_PUSCH for UEs with different power class. The same principle was used in the previous B13 CPE study, also in the Relay study [2][3][4][5]. Especially in [5] Table 6.6.1-2 and 6.6.1-3, where two power classes are defined for Relay node (24dBm and 30dBm), the power control parameters follow the same principle, i.e., ΔCLxile = ΔPmax/Gamma. 

Set 1B/2B assumes 4dB increase in target receive power (PO_PUSCH) for HPUE, which is un-realistic and not implementable in the current eNB setting.  For the same eNB supporting both 23dBm UE and HPUE, only one value of PO_PUSCH can be set at eNB, i.e., ΔPO_PUSCH = 0.  So the proposal of investigating different power control for UE and HPUE is not realistic and not implementable in a B14 network.

Current eNB only has one place to set the value PO_PUSCH. For eNB supporting both power class 3 UE and HPUE in the same network, both power class UEs has to obey the same PO_PUSCH value. Then ΔPO_PUSCH = 0. Power control sets 1B/2B is not possible in the current eNB setting. On the other hand, to have a fair comparison between the baseline case and the HPUE case, the same PO_PUSCH value should be used to set power control parameters for both cases, which leads to the power control parameter set 1A/2A.
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