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1	Introduction
During RAN1 #NR Ad-Hoc meeting the following agreements were made on NR UL power control [1-2].
Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.
· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS
· FFS: on multiple type of RS 
· FFS: other DL RS
· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes  and/or .  
· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).
· Same gNB antenna port can be used for pathloss measurement for multiple process.
· FFS: Different gNB antenna ports can be used for pathloss measurement for each process
· NR supports power control for UE side multiple panel transmission
· FFS: specification impact to support multiple panel 
· FFS: waveform independent/dependent parameters for power control

In [3], we had proposed to study NR uplink power control schemes that explicitly take into account the interference generated to neighbouring co-channel deployed cells. In this contribution, we present simulation results for such a power control scheme and propose the use of network-based inter-cell interference coordination (ICIC) schemes for the 5G new radio. The approaches we propose to study are motivated by the new use cases and requirements in [4].  
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	UE transmit power control considerations 
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]For scenarios with dynamic TDD operation where neighbouring cells may not be synchronized in their uplink and downlink transmission patterns, UE transmit power control will impact both uplink gNB and downlink UE reception. The latter is the case when an aggressor UE’s neighbouring cells are transmitting in opposite directions, i.e., when one cell is doing uplink transmission while its neighbour cell is doing downlink transmission. In such instances, a UE’s uplink transmit power control must take the interference it may cause to a UE that is receiving downlink transmissions in a neighbouring cell into account in order to allow cells in the same geographical area to use different transmission direction switching patterns. This shall require that either the cells use semi-static configurations much like that in LTE based eIMTA or, in case of fully flexible configurations of dynamic TDD, each cell must decide its transmission direction in TTI t at least T TTIs ahead at TTI t-T and exchange this same information amongst its neighbouring cells via Xn messages. The scheduling and power control decisions are made only after the transmission directions in neighbouring cells are known. 
Proposal 1: NR power control should enable UE transmit power determination based on whether the victim cell is choosing DL or UL as the transmission direction.
Knowledge of the transmission direction of its neighbouring cells will allow the gNB to understand the type of interference generated so that it can use the appropriate link adaptation and choose the MCS accordingly. An uplink UE may require separate link adaptation when its top-most victim cell is transmitting in the uplink direction vs. when it (the victim cell) is transmitting in the downlink direction. This will allow the gNB to adapt the MCS allocated to the UE according to whether the interference generated to the UE’s uplink transmission will be affected by another gNB’s downlink transmission or another UE’s uplink transmission. To enable this, cells may decide their transmission directions ahead of time and exchange between themselves. This information can then be used by gNBs to determine the UE to be scheduled, its MCS, transmit power, etc. 
Proposal 2: NR should support UL coordinated scheduling, link adaptation, and MCS determination methods based on the knowledge of the interference likely to be experienced during the packet transmission.
The LTE power control equation essentially assumes that the transmission directions across neighbouring cells are aligned, and hence the interference would come from other UL transmissions, and the victims would be other UL transmissions. The LTE power control equation (1) is primarily a function of the path loss towards the UE’s serving cell and does not include an explicit mechanism to control interference to its neighbouring co-channel cells. The simplified transmit power (in dBm) of a UE standardized for LTE is as follows: 

   		(1)

where MPUSCH is the number of RBs scheduled, PCMAX is the UE’s maximum total transmit power across all its scheduled RBs, PL is the UE’s pathloss (in dB) to its serving cell across scheduled RBs,  is the FPC pathloss compensation coefficient and takes values in the set {0, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1} and is configured by RRC, and f is the accumulated TPC command. 
But studies [5][6] have shown that even when all cells in a neighbourhood are transmitting in the uplink, controlling and even coordinating the generated inter-cell interference can improve uplink performance. Furthermore, channel conditions in 5G NR are expected to fluctuate rapidly due to its susceptibility to blockage, changing propagation conditions and mobility as we go towards higher carrier frequencies. It is important under such conditions that the UE be able to quickly assess, on a TTI basis, which of its neighbouring cells would be impacted the most by its uplink transmissions, and instead of relying solely on power control commands from the gNB to manage inter-cell interference, take the pathloss to the victim cell into account explicitly in determining the transmit power. Knowledge of the channel gain of the uplink UE to its neighbouring cells and its explicit use in the UE transmit power equation would enable the UE to include interference awareness when determining its uplink transmit power - e.g., [5] outlines an Interference Aware Power Control (IAPC) algorithm to determine the total UE UL transmit power thus: 


Here, f is the closed loop power control send by the gNB, PO_PUSCH,NR and PMIN are the nominal and minimum per RB transmit power of the UE (PMIN ensures that the received SNR is above an acceptable level), respectively and NR is the corresponding pathloss compensation factor. The term PL’ is the pathloss (in dB) of the UE to its dominant interferer which can be derived from its neighbour cell RSRP measurements.
System simulations, that are now better aligned to the 3GPP agreed upon scenario, were performed to evaluate FPC & IAPC power control schemes and to compare their performances under different load conditions. The detailed parameter settings and assumptions can be found in Table 2. Results from uplink only simulations in a FDD system show that with FTP Model 3 traffic and under medium to high loads (60% - 80% resource utilization), interference-aware power control can provide as much as 26% gain in average user throughput and 12% gain in cell-edge (5%-ile) user throughput as compared to the LTE transmit power control equation that does not take into account the impact of interference to its top victim cell(s).
The simulation parameters and assumptions used are given in Table 2.
[bookmark: _Ref462309490]Table 1: Simulation Results
Performance comparison of FPC & IAPC Schemes 
[image: ]
Proposal 3: NR UE power control equation should support the UE explicitly using the path loss to the victim cell in determining its transmit power along with the relative loads in the serving cell as compared to its victim cells.
[bookmark: _GoBack]
3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The contribution is concluded by summarizing our proposals as follows: 
Proposal 1: NR power control should enable UE transmit power determination based on whether the victim cell is choosing DL or UL as the transmission direction.
Proposal 2: NR should support UL interference coordination, link adaptation and MCS determination methods based on the knowledge of the interference likely to be experienced during the packet transmission.
Proposal 3: NR UE power control equation should support the UE explicitly using the path loss to the victim cell in determining its transmit power.
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[bookmark: _Ref462309458]Table 2 – Simulation Parameters
	      Parameters
	Values or assumptions

	Carrier frequency
	4 GHz

	System bandwidth
	10MHz (50 RBs)

	Layout
	Hexagonal grid, 7 sites, 3 sector/site with wrap around

	Inter BS Distance
	500 m

	Channel model
	3D SCM Uma

	BS antenna height
	25 m

	BS Antenna element
	Gain: 8dBi gain, 3dB beamwidth: 65°, electrical downtilt: 102°

	BS antenna configuration
	(M, N, P, Mg, Ng) = (1,1,2,1,1), Cross-pol (+/-45)

	BS Receiver
	MRC

	UE antenna height
	1.5m

	UE Max Tx Power
	23 dBm

	UE distribution
	Uniform 10 UE/sector, all outdoor users with LOS/NLOS probability as per TR 36.873, 3 km/h

	Handover Margin
	0dB

	Traffic Model
	FTP model 3, file size = 0.5 Mbytes, with 4Mbps & 6Mbps average offered load per cell

	Traffic load (RU)
	60%, 77%

	Scheduler
	Wideband PF Scheduler

	OLLA
	Enabled with 10% BLER target for first transmission

	Channel estimation
	Ideal
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5%-tile 50%-tile 95%-tile Average RU (%)

FPC 0.527 1.977 8.798 2.917 59%

IAPC

0.530 2.187 11.220 3.563 53%

FPC 0.379 1.687 8.349 2.638 77%

IAPC

0.425 2.109 10.057 3.318 72%

Feature

Avg offered 

load per cell

UL UPT (Mbps)

Urban Macro, 3Kmph Outdoor only with average 10 Users/cell

Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

Schemes: FPC - LTE like Fractional UL Power Control, IAPC - Interference Aware UL Power Control 

where UE decides its UL transmit power based on the amount of interference it causes on its 

neighboring BS. Evaluation assumptions: The BS is equipped with a single x-pol antenna. The traffic 

used is FTP Model 3 with 500KByte files and an average offered load per cell of 4Mbps & 6Mbps.

4 Mbps

6 Mbps


