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1. Introduction

In NR (New RAT) system design [1], it is being considered to introduce new features in UL such as OFDM based UL transmission and single symbol UL control channel. In RAN1#87, following agreements are made on UL power control:

	Agreements:
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported
· Power control per layer (group)


In this contribution, we discuss several consideration points on UL power control procedure in NR including basic components such as pathloss compensation, power offset, TPC command, and some additional features, based on the above agreements.  
2. Basic parameters for UL power control
2.1. Pathloss compensation
According to UL power control in current LTE system, two types of pathloss compensation are considered; one is full pathloss compensation, and the other is fractional pathloss compensation. In NR system, it might be considered that UE measures RSRP by using a certain type of RS, and then the UE derives pathloss between the UE and its associated gNB by using (high-layer filtered) RSRP. 
UL transmission power from UE would be compensated fully or partially by considering the estimated pathloss. First of all, full pathloss compensation may maximize fairness for cell-edge UEs, in other words, the received power at gNB side from cell-edge UE would be comparable with that from cell-center UE. On the other hand, if fractional pathloss compensation is used, the received power at gNB side from cell-center UE will be much higher than that from cell-edge UE. The pathloss of cell-edge UE can be compensated by adjusting other power parameter or offset so that the received power from cell-edge UE could be properly controlled, whereas the received power from cell-center UE could be redundant due to the already sufficient amount of received power in general. 
In case of UL data channel transmission, such redundant power can be used to improve spectral efficiency by applying higher MCS level (for instance, cell-center UE may be able to use smaller number of PRBs for same TB size). In case of UL control channel transmission using fixed amount of resources, on the other hand, it is unclear how to use the redundant power to improve spectral efficiency since UCI (payload) size would not be dependent upon UE location or channel condition. Hence, it would be better to consider full compensation for power control of UL control channel. 

Furthermore, in case of fractional pathloss compensation for UL data channel transmission, the received power difference between cell-center UE and cell-edge UE can be adjusted by using value of fractional pathloss compensation factor, and this value could be different according to cell radius and target performance. 
Observation 1: For power control of UL control channel, it would be better to consider full pathloss compensation. 

2.2. Power offset depending on data rate
In general, it is expected that more transmission power would be required to support higher data rate. However, it would be inefficient for power control of UL data channel to use both fractional pathloss compensation and power offset (i.e., Delta_TF setting in LTE) depending on data rate simultaneously. Moreover, in current LTE, this type of power offset is not supported for higher rank than 2. Therefore, it needs to be considered to support only fractional pathloss compensation in NR without power offset setting depending on data rate.
Observation 2: For power control of UL data channel, it needs to be considered to support only fractional pathloss compensation in NR without power offset setting depending on data rate. 

2.3. TPC command

TPC (Transmit Power Control) command could be used to compensate channel variations due to fast fading. Regarding current LTE, PUCCH power can be adjusted by TPC command signalled in DL assignment DCI while PUSCH (or SRS) power can be adjusted by TPC command signalled in UL grant DCI. Besides, for the UL transmissions without associated DCI such as SPS (semi-persistent scheduling), periodic CSI, or SRS, TPC command can be signalled to certain UE group by using DCI format 3/3A. There can be two types of TPC procedure for the update of UL transmit power; one is accumulative TPC, and the other is absolute TPC. Accumulative TPC is well-suited for fine-tuning of UE transmit power by using relatively small step size of TPC values. On the other hands, Absolute TPC can be useful to boost UE transmit power at once by using relatively large step size of TPC values. 
Proposal 1: Investigate the aspects of pathloss compensation, power offset, and TPC command for the design of UL power control procedure for NR, with consideration of cell deployment, UL physical channel type (e.g. control or data), and wireless channel condition. 

3. Additional features for power control in NR
3.1. Beamforming operation
In NR design, it would be necessary to consider introduction of analog (or hybrid) beamforming based operation [2], especially for high frequency band (e.g. above 6 GHz). With this analog beamforming, gNB TX/RX beam sweeping (e.g. TDM between different gNB TX/RX beam) may be required to be done not only for the transmission of DL common signal and information such as synchronization signal (e.g. PSS/SSS in LTE) or broadcast system information (e.g. PBCH in LTE) but also for the transmission of DL/UL control and data channels, in order to serve the UEs located in different area (or beam direction). In this case, it may be necessary to consider differentiation of power control parameters between different beams for a UE since the required power for UL performance would be different per beam for a UE. 
Observation 3: It may be necessary to consider differentiation of power control parameters between different beams for a UE since the required power for UL performance would be different per beam for a UE.

Especially for accumulative TPC procedures, however, it needs to be further studied whether PC parameter separation per beam would be superior compared with a common TPC accumulation process regardless of beam changes or switching. The latter means that the TPC accumulation process will not be reset even though a serving beam is changed by a beam management procedure, considering that the already stabilized transmit power level would be desired to remain as much as possible unless such beam changes occur to a different TRP. Per targeted service requiring higher reliability, e.g., URLLC and eV2X, there can be a configurable additional power offset to be applied on the TPC accumulation process whenever beam change or switching occurs within the same TRP so as to alleviate potential power control mismatch due to the beam change/switching. Also, this can be applied for retransmission cases to improve HARQ performance, which needs to be done following proper higher-layer configurations provided by the gNB.
Observation 4: For accumulative TPC procedures, a configurable additional power offset to be applied on a common TPC accumulation process needs to be considered, whenever beam change or switching occurs within the same TRP, depending on a targeted service requiring higher reliability, e.g., URLLC and eV2X.

3.2. Power transient period

In general, it is expected that the amount of information conveyed via UL data channel would be much larger than UL control channel. Therefore, the required power for UL data channel transmission would also be larger than that of UL control channel. For NR design, TDM is being considered for multiplexing structure between UL data and control channels for latency reduction, flexible UL/DL configuration, and analog beamforming. In case when UL data and control channels are multiplexed by TDM manner, it would be necessary to handle power imbalance between those two different channels which could be relatively larger compared to current LTE. Moreover, considering various OFDM numerology (e.g. different sub-carrier spacing or symbol duration) used for NR, it would also be necessary to handle power transient period between UL data and control channel for certain numerology (e.g. large sub-carrier spacing). 
Proposal 2: Consider additional features for UL power control in NR such as analog beamforming operation and power transient period. 

3.3. Per-TRP and Per-layer power control
In our companion contribution [3], coordinated transmission schemes across multiple intra/inter-TRPs are discussed. Especially for high frequency bands in NR, the number of dominant rays per TRP or single panel could be limited, e.g., mostly observed by up to rank 2. Therefore, in order to achieve high SU-MIMO spectral efficiency, coordinated transmission schemes across multiple TRPs need to be thoroughly investigated in NR, including CoMP DPS and independent-layer JT. When a DL-related DCI indicates the transmission rank and an applied coordinated scheme, the DCI decoding latency at the UE side could be one major problem whenever analog beamforming is applied for a given time instance. This is because the DCI transmission can be conducted by a serving TRP but the actual data transmission can be performed by another TRP as an example. 

In case of independent-layer JT where particular layer(s) can be transmitted from different TRPs, the corresponding UL transmission power per layer-group may need to be configured and controlled by gNB, since at least the pathloss from different TRPs may be different. Also, separated UL power control process targeting different TRP needs to be further studied in the UL-CoMP context. Further details and related proper operations are needed to be investigated. 

Proposal 3: UL power control per TRP and per layer-group needs to be further investigated, at least for properly supporting DPS and independent-layer JT in NR. 

4. Conclusions

In this contribution, we discussed several aspects on UL power control to be considered in NR system. The following observations and proposals were made:  

Observation 1: For power control of UL control channel, it would be better to consider full pathloss compensation. 

Observation 2: For power control of UL data channel, it needs to be considered to support only fractional pathloss compensation in NR without power offset setting depending on data rate. 
Observation 3: It may be necessary to consider differentiation of power control parameters between different beams for a UE since the required power for UL performance would be different per beam for a UE.
Observation 4: For accumulative TPC procedures, a configurable additional power offset to be applied on a common TPC accumulation process needs to be considered, whenever beam change or switching occurs within the same TRP, depending on a targeted service requiring higher reliability, e.g., URLLC and eV2X.

Proposal 1: Investigate the aspects of pathloss compensation, power offset, and TPC command for the design of UL power control procedure for NR, with consideration of cell deployment, UL physical channel type (e.g. control or data), and wireless channel condition.

Proposal 2: Consider additional features for UL power control in NR such as analog beamforming operation and power transient period. 

Proposal 3: UL power control per TRP and per layer-group needs to be further investigated, at least for properly supporting DPS and independent-layer JT in NR. 
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