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1 Introduction
In RAN1 #88b meeting, the following agreements on uplink power control mechanism were reached [1]. The agreements call for support of beam specific power control as well as considerations for support of multiple waveforms, 
· For beam specific power control, NR defines beam specific open & closed loop parameters. 
· FFS: details on beam common parameter(s)
· Note: Agreed on RAN1 #88 FFS details on “beam specific”, especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control
· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.
· FFS: offset configured/specified, reported, 
· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

Due to the unique operational features of NR, there are several new aspects that influence the operation of the uplink power control. Multi beam transmission, power scaling strategies, path loss estimation techniques and multiple waveforms operations are among new set of requirements that need to be considered for the design of an efficient power control procedure. 
In this contribution, further details related to simultaneous multi beam uplink transmission are discussed. 

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.

2.1 Impacts on power control procedure 
Figure 1 demonstrates some exemplary use cases of simultaneous uplink transmission. Despite their similarities in use of simultaneous uplink beams, as will be discussed, they enforce different requirements on power control process.


Figure 1 Examples of simultaneous multi beam transmission

2.1.1 Single codeword multi beam uplink transmission
Figure 1a shows an uplink multi beam transmission where a single codeword is transmitted simultaneously by a main and a secondary beam. In such scenario, the generated secondary beam is purposed as a diversity beam 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, may make beam diversity transmission a common case of simultaneous multi beam uplink communication.







For simultaneous multi beam transmission of a single PUSCH codeword, as shown in Figure 1a, the TPC parameters should be split into per beam TPC parameters and UE common TPC parameters. A UE may need to maintain some of the terms of the power control mechanism on a per beam basis. For example, to assist power scaling between the main and secondary beams, independent estimation of path loss  per beam may be required, especially as the gain of the main and secondary beams may differ. Also, due to redundant nature of the secondary beam, fractional compensation factor  and max power may also need to be configured independently for each beam. Parameters such as the number of RBs allocated on the PUSCH, , the target received power, , the MCS specific offset,  and/or the TPC command,, may be set as common TPC parameters for the UE.




Proposal 1: For single codeword multi beam uplink transmission, 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.

2.1.2 Dual codeword multi beam uplink transmission
Figure 1b shows another use case of simultaneous multi beam uplink transmission where a UE attempts to transmit two independent codewords on two separate beams to two different TRPs. In such a case, depending on the channel observed by each beam, as well as the path loss, the transmitted codewords may experience different transmission qualities.
For simultaneous multi beam transmission of independent PUSCH codewords to multiple TRPs, as shown in Figure 1b, a UE may have to maintain all of the terms of the power control mechanism on a per codeword basis. For example, to assist power scaling and MCS selection between the first and the second codewords, independent estimation of path loss per codeword may be required. Also, due to potential difference in selected MCS, fractional compensation factor, MCS offset value and max power may also need to be configured independently for each codeword. Moreover, since each codeword may have different scheduling assignment, # of RB’s scale factors, target received power and TPC command may also need to be maintained on a codeword basis. 

2.2 Beam pair links aspects
As shown in Figure 2, a beam-pairing procedure includes a number of transmission events with different beams at the receive and transmit ends of the system to determine the best beam-pair link (BPL). As such, the best beam-pair is identified after completion of several beam trials at each end. A beam-pairing process may be required at the beginning of a transmission; however, it may also be called up at a periodic or non-periodic-basis to re-evaluate the choice of the BPL.


[bookmark: _Ref477429576]Figure 2 BPL determination
A set of beams or beam pair links (BPLs) may be used for an uplink channel, wherein a subset of beams or BPLs may be used for an uplink transmission. For an uplink transmission, the transmission power may be determined based on the subset of beams or BPLs determined for the uplink transmission. For example, when NB beams or BPLs are configured, and one out of NB beams or BPLs is selected for an uplink transmission, the transmission power can be determined based on the selected beam or BPL. 
Therefore, an uplink power control loop may be based on a beam or a BPL, wherein one or more power control parameters may be determined as a function of a beam or a BPL. 
For example, each beam or BPL may be configured or determined with its associated downlink signal (e.g., CSI-RS resource, SS block) for pathloss measurement and if a beam or BPL is determined for an uplink transmission, the pathloss measured from the associated downlink signal may be used to determine the uplink transmission power.
In another example, a UE may receive a TPC command for an uplink transmission with a beam or a BPL, the UE may accumulate or apply the power offset value from the TPC command on the closed-loop power control parameter which may be associated with the beam or BPL.

Proposal 2 - One or more open-loop power control parameters (e.g., pathloss) may be determined as a function of beam or BPL. 
Proposal 3 - One or more closed-loop power control parameters (e.g., TPC command) may be determined as a function of beam or BPL. 

3 [bookmark: _Ref378529477]Conclusions 
[bookmark: _Ref129681832]In this contribution, we presented our view on power control for multi beam uplink transmission. It is shown that despite similarities of different use cases of simultaneous multi beam uplink transmission, they impose different requirements on power control process.



Proposal 1: For single codeword multi beam uplink transmission, the TPC parameters may 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 may be set as UE common TPC parameters.
Proposal 2 - One or more open-loop power control parameters (e.g., pathloss) may be determined as a function of beam or BPL. 
Proposal 3 - One or more closed-loop power control parameters (e.g., TPC command) may be determined as a function of beam or BPL. 


4 Reference 
[bookmark: _Ref167612671][bookmark: _GoBack]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting 88, Athens, Greece, February 2017
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