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1 Introduction
Following the initial agreements on beam specific power control, RAN1 #89 continued the discussions to arrive at the following agreements on power sharing and path loss estimation [1], 
Power sharing:
· From RAN1 perspective, it is feasible to have power sharing mechanism for LTE-NR dual connectivity at least for <6GHz
· FFS: power sharing mechanism
· RAN1 will continue discussing the power sharing mechanism, including potential RAN1 specification impact 
· Applicability of power sharing mechanism for NR in particular bands, e.g., greater than 24GHz, should be discussed in RAN4

Path loss estimation:
· Support beam specific pathloss for ULPC

· The following DL RS can be used for PL calculation for UL PC 
· If the power offset between SSS and DM-RS for PBCH is known by the UE, both SSS and DM-RS for PBCH of SS block
· If the power offset between SSS and DM-RS for PBCH is not known by the UE, SSS only of SS block
· CSI-RS;
· FFS: the applicable case for above DL RSs; if both are used, whether/how to combine/handle the measurement

Due to multi-beam uplink transmission capability in NR, the power control mechanism is required to maintain at least two set of parameters. In this contribution, we share our views on the applicability and potential role of each parameter as a common or beam specific power control parameter. 

2 Uplink Multi Beam Transmission
In NR, a UE may be required to simultaneously transmit on multiple uplink beams. The purpose and application of such mode of operation varies. The transmission of simultaneous beams may be conducted at the exact same frequency, or at different intra- or inter-band frequencies. The generated beams may be used for transmission of data, control or a combination thereof. Moreover, the transmissions may be directed to the same TRP or multiple TRPs. Without loss of generality, we focus on PUSCH transmission, however the discussion may be also extended to other cases. 


It is commonly argued that the LTE PUSCH power control mechanism should be considered as a template for designing an equivalent mechanism for NR. In the LTE framework, the expected PUSCH transmit power intended for cell  on the  subframe can be described as follows,

 [dBm]
where,

: UE’s maximum transmit power in dBm

: # of RBs allocated on the PUSCH

: target received power (from SIB2)

: fractional power compensation factor [0;1] (from SIB2)

: path loss (estimated from measurement on CRS and fixed Tx power information from SIB2)

: MCS specific offset. 

: TPC command – short term adjustments (closed loop sent on DCI format 3/3a).

and  is a parameter index configured by the higher layer. 
A similar process holds for other channels such as PRACH, SRS and PUCCH. By relying on the above template, required modifications on power control mechanism for cases shown in Figure 1, can be discussed and identified.


Figure 1 Multi-beam uplink transmission
3 Common and Beam Specific Power Control Parameters
Figure 1 shows uplink multi beam transmission for two different scenarios of multi- and single-TRP transmission. In the   multi-TRP case, a UE is simultaneously connected to two TRPs with two independent beams. Each beam may be carrying independent traffics, i.e., different layers of data, or control and data, or URLLC and mMTC, etc. Therefore, each beam may be viewed as a different radio link. The single TRP case is intended as a showcase of beam diversity to counter blockage, and other potential transmission anomalies. The high sensitivity of mm-wave transmission to blockage and at the same time its rich scattering properties, makes beam diversity transmission a common case of simultaneous multi beam uplink communication. 	Comment by Oteri, Oghenekome: Removed exemplary to make sure it does not appear we just copied and pasted our patent 
In the following, we provide our views about the impact of transmission scenarios on each power control parameter, and whether it should be considered as a beam specific or a common parameter. 

UE’s Maximum Transmit Power
The parameter  represents the UE’s maximum transmit power in dBm. In operation of the power control loop, regardless of suggested the value derived from open and closed loop parameters, the output power is capped at the configured  value. 
TRPs relative locations to a UE are different in a deployment, and as such they will impose different directional and channel requirements on a UE. In a multi-beam uplink transmission, given potential difference in direction of transmission, antenna gain, channel and the expected reliability of each beam, the max power should be configured independently. A provision of  per beam will also enable power sharing across the beams. Furthermore, employing per beam  value will have beneficial impact on interference.
Transmission Bandwidth
Whether the transmission bandwidth parameter, , should be a common or a beam specific parameter depends on the transmission scenario. In case of uplink transmission with beam diversity to enhance reliability, ,  can be assumed common across the beams. However, in some other cases where uplink transmission involves transmission of different types of traffic, e.g., low and high reliability or data and control, we cannot assume to have an equal transmission bandwidth for all beams. 
Target Received Power 
The configured target received power parameter, , defines the required expected power level for achieving a certain performance target for the channel involved in the uplink transmission. Again, similar to an earlier argument, if it should be a common or a beam specific parameter depends on the transmission scenario. As an example, multi-beam transmission that comprises transmission of non-heterogeneous traffic, e.g., URLLC and mMTC, is expected to have different BLER targets for each traffic type, and so different  considered for the operation.
Path loss Compensation Factor
The fractional power compensation factor  determines the extent of the compensation for the estimated path loss. While a higher compensation factor may seem to more closely reflect the required transmission power, it also amounts to an increase in the overall interference in the system, and hence a degradation in the performance. In a system with multi-beam transmission capability, the interference may become more directional; exhibiting high power variation over the angular space. Therefore, to optimize and balance the interference,   should be specified per beam.
Path Loss
As discussed and agreed in the prior RAN1 meeting [1], given the differences in the relative location of a UE to TRP, as well as potential differences in beam directional characteristics, path loss shall be estimated per beam.
MCS Specific Offset
Since different modulation schemes exhibit a varying degree of sensitivity to low SINR. The MCS specific offset parameter  is intended to assist power adjustment by adding an offset that can be adjusted on a subframe by subframe basis. The MCS specific offset can be considered a beam specific parameter only if each beam is carrying different content.
TPC Command
The TPC command  closes the power control loop, and it guides the direction of the power level correction through subframe by subframe up/down commands for the accumulative mode or a direct command for the non-accumulative mode. Similar to the previous case, the TPC command may be considered a beam specific parameter if each beam is transmitting different content.


[bookmark: _GoBack]Proposal 1: For multi beam, multi-TRP uplink transmission, where independent traffic types are transmitted to TRPs, the all the power control parameters shall be beam specific.



Proposal 2: For multi beam, uplink transmission with beam diversity, where similar traffic is transmitted by multiple beams, the TPC parameters should be split into per beam TPC parameters and UE common TPC parameters. Per beam maintenance of TPC parameters such as path loss , fractional power compensation factor and max transmit power terms of the power control process are required. Other parameters should be set as UE common TPC parameters.

4 [bookmark: _Ref378529477]Conclusions 
[bookmark: _Ref129681832]In this contribution, we presented our views on applicability and potential role of each parameter as a common or beam specific power control parameter. Table 1 summarizes our conclusions and views for each parameter.
	Parameter
	Multi-beam with independent traffic
	Multi-beam for beam diversity

	UE’s Maximum Transmit Power
	Beam specific
	Beam specific

	Transmission Bandwidth
	Beam specific
	Common

	Target Received Power
	Beam specific
	Common

	Path Loss Compensation Factor
	Beam specific
	Beam specific

	Path Loss
	Beam specific
	Beam specific

	MCS Specific Offset
	Beam specific
	Common

	TPC Command
	Beam specific
	Common




Proposal 1: For multi beam, multi-TRP uplink transmission, where independent traffic types are transmitted to the TRPs, all the power control parameters shall be beam specific.



Proposal 2: For multi beam, uplink transmission with beam diversity, where similar traffic is transmitted by multiple beams, the power control parameters should be split into per beam and UE common parameters. Per beam maintenance of parameters such as path loss , fractional power compensation factor and max transmit power terms of the power control process are required. Other parameters should be set as UE common TPC parameters.


5 Reference 
[bookmark: _Ref167612671]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting 89, Hangzhou, China, May 2017
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