Page 1
3GPP TSG RAN WG1 #92b                                                                  R1-1804702
Sanya, China 16th – 20th April, 2018

Source: 	Intel Corporation 
Title:	On UL power control enhancements for Aerial Vehicles
Agenda item:	6.2.9.1
Document for:	Discussion and Decision

1. Introduction
At the 3GPP TSG RAN Meeting #78 new work item on Enhanced LTE Support for Aerial Vehicles was agreed [1]. The objectives of the work item include the following [2]. 
· Specify UL power control enhancements in the following areas
· UE specific fractional pathloss compensation factor
· Extending the supported range of UE specific P0 parameter
In this contribution we provide evaluation results of the uplink signal power from aerial UEs with different open-loop power control parameters. Based on the evaluation results we derived signalling ranges for UE specific fractional pathloss compensation factor and UE specific P0 parameter.
2. Discussion
Due to specific properties of radio propagation to aerial vehicles such as high LoS probability and free space path loss, the attenuation of UL signal from an aerial vehicle is typically lower than the attenuation of the UL transmission of a terrestrial UE. This leads to the higher UL interference power level of cellular systems serving aerial vehicles comparing to the networks serving terrestrial indoor and outdoor UEs. 
One way to decrease power of UL interference generated by the aerial vehicles is to configure more conservative values of open-loop power control parameters for aerial UEs comparing to terrestrial UEs. The current LTE specification supports only cell-specific configuration of fractional pathloss compensation factor (alpha) with the following range {0, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1}. The configuration of P0 open-loop power control parameter is done in cell-specific way with a range of (-126…24). In addition to the cell-specific P0 configuration, the offset from the cell-specific P0 value is configured in UE-specific way with a range of (-8…7).
In order to enable flexible configuration of open-loop power control parameters to decrease the UL interference from aerial vehicles, the UE-specific configuration of alpha can be specified. In order to efficiently use the bits of RRC configurations, the ranges of newly introduced parameters should be optimized. In this contribution we provide evaluation results of UL average received signal power and UL average interference level in order to optimize the ranges of UE specific open loop power control parameters. 
The evaluation results of the UL average received signal power are provided below for UMa AV scenario [3]. For terrestrial UEs the open loop power control parameter alpha is 0.8, parameter P0 is -85. For aerial vehicles different assumptions on alpha were evaluated with the same P0 parameter value as for the terrestrial UEs.
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Figure 1. CDF of UL received signal power for different assumptions on alpha for aerial vehicles
From the above evaluation results it is observed that the UL received power from aerial vehicles is lower than -110 dB for more than 90% of UEs. Further decreasing of alpha value for aerial UEs leads to high percentage of outage aerial UEs.
The results on the UL average interference signal power are provided below for UMa AV scenario [3] with the same assumptions on the open-loop power control parameters as for previous evaluations. The UL average interference level is calculated in assumption of single transmitting UE and averaged across all the BSs in the deployment except serving BS, the statistics for CDF is collected across different UEs.
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Figure 2. CDF of UL average interference power for different assumptions on alpha for aerial vehicles
As it can be observed from the above evaluation results the average level of interference from the aerial UEs is similar to the average level of interference from the terrestrial UEs in case of alpha = 0.7 for aerial UEs. In case of alpha = 0.6 for aerial UEs, the interference level is much lower for aerial UEs comparing to terrestrial UEs. Based on the above evaluation results the following observation was made. 
Observation: Offset level of -0.2 from the cell-specific alpha value is enough to provide sufficient level of UL interference from aerial vehicles while maintaining reasonable UL received power for the serving BS.
In order to adjust the range of UE transmit power for a given pathloss statistics within a deployment, P0 open-loop parameter is used. Support of UE-specific alpha parameter configuration requires UE-specific P0 parameter configuration with extended range in order to provide sufficient flexibility for optimization of transmit power for different UE types. If the range of UE-specific alpha is limited to ±0.2 from the cell-specific alpha value, the range of UE-specific P0 with ±16 dB is enough to provide sufficient flexibility of UE transmit power configuration. Based on the above analysis the following proposal is made.
Proposal: 
· Support differential UE-specific fractional pathloss compensation factor (alpha) parameter
· UE-specific alpha indicates offset from the value of cell-specific alpha parameter
· The range of UE-specific alpha parameter is {- 0.2, - 0.1, 0.0, 0.1}
· Extend the range of UE-specific P0 parameter to (-16,…,15)
3. Conclusion
In this contribution analysis of the uplink signal power from aerial UEs is provided. Based on the analysis the following observation and proposal was made. 
Observation: Offset level of -0.2 from the cell-specific alpha value is enough to provide sufficient level of UL interference from aerial vehicles while maintaining reasonable UL received power for the serving BS.
Proposal: 
· Support differential UE-specific fractional pathloss compensation factor (alpha) parameter
· UE-specific alpha indicates offset from the value of cell-specific alpha parameter
· The range of UE-specific alpha parameter is {- 0.2, - 0.1, 0.0, 0.1}
· Extend the range of UE-specific P0 parameter to (-16,…,15)
[bookmark: _GoBack]References
[1] RP-180516 Report of 3GPP TSG RAN meeting #78 held in Lisbon, Portugal, December 18 – 21, 2017
[2] RP-172826 New WID on Enhanced LTE Support for Aerial Vehicles, Ericsson
[3] TR 36.777 Enhanced LTE support for aerial vehicles, Release 15


3/3
image1.emf
-130 -120 -110 -100 -90 -80 -70

Received signal power from serving cell (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

UL UE received signal power

Terrestrial UE

Aerial UE, alpha=0.6

Aerial UE, alpha=0.7

Aerial UE, alpha=0.8

Aerial UE, alpha=1


image2.emf
-115 -110 -105 -100 -95 -90 -85 -80 -75 -70

UL avg. interference level (dB)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Average UL UE interfernece

Terrestrial UE

Aerial UE, alpha=0.6

Aerial UE, alpha=0.7

Aerial UE, alpha=0.8

Aerial UE, alpha=1


