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1. Introduction

At the RAN1#86bis meeting, UL transmit power control (TPC) was discussed under the DL/UL MIMO discussion since UL TPC strategy may depend on the assumptions on beam-forming for NR. There are some agreements for the UL TPC for further study as follows: 
Agreements:
· The following aspects should be considered for UL PC design:
· No LTE-like cell-specific reference signal for path loss estimate
· Beam-based transmissions/receptions
· Analog beamforming at eNB/UE
· Multi-beam / multi-stream transmissions 
· Multiple numerologies 
· Inter-TRP information exchange

· FFS: Dynamic TDD
· Other aspects are not precluded
· The following design of UL PC as starting point for study:
· Fractional power control in LTE as framework
· DL RS for path loss measurement 
· e.g. RS in DL beam management P-1, P-2 and P-3 for multi-beam scenario or single-beam scenario
· Separate PC settings for UL control and data channel
· FFS: the following design of UL PC
· Numerology-specific parameter setting
· Separate PC settings for multi-beam / multi-stream UL
In this document, we provide our initial considerations on UL TPC including single-beam and multi-beam operations for NR. The UL TPC for the PUSCH transmission is mainly described and this can be considered as a basis of the UL TPC for the other UL channels/signals. The UL TPC for RACH preamble is discussed in our companion document [1]  
2. Considerations on UL TPC for NR
In LTE, fractional power control has been adopted to the most UL channels except for the PUCCH in order to exploit the adaptive modulation coding (AMC). The same approach is to be considered for NR as agreed. In LTE, the UL transmit power is determined as follows.
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 is the closed-loop TPC parameter. The above transmit power control can be directly applied to the UE operating in a lower carrier frequency such as below 6GHz. Also, considering that co-existence of LTE and NR is now being discussed, it is desirable that the UL power control is consistent between LTE and NR.
Proposal 1: For a lower carrier frequency such as below 6GHz, the UL transmit power determination is the same as that for LTE.
On the other hand, in NR, there are a lot of new aspects to consider as agreed at RAN1#86bis meeting. One of the main aspects for NR is to consider multi-beam operations at the both TRP and UE sides for UL TPC. Also, availability of Tx/Rx correspondence may need to be taken into account. Beam-forming gains play an important role in the UL TPC for a higher carrier frequency. If the gain from beam-forming is not considered when determining the UL TPC, the path-loss estimate and transmit power become much larger than what’s expected by TRP. Thus, the gains from beam-forming at both TRP and UE must be considered. If Tx/Rx beam correspondence is available at both TRP and UE, the DL measurement based on the DL reference signal (RS) with DL Tx beam-forming enables the path loss measurement with DL Tx beam gain. In addition, the gain from DL Rx beam-forming would be also included in the path loss estimate.

On the other hand, when Tx/Rx beam correspondence is not available at either TRP or UE, relying only on DL measurement may not be sufficient. Lack of beam-forming gains due to non-Tx/Rx beam correspondence degrades the received signal power as shown in Fig. 1. For instance, it is assumed that the path loss estimate and UL transmit power include the best DL Tx beam gain. However, such an UL transmit power setting is not the best for the UL reception at the TRP when Tx/Rx beam correspondence is not available at TRP. In this case, however, the TRP may know that Tx/Rx beam correspondence is lost at TRP side and the loss can be taken into consideration by the TRP when configuring the set of UL TPC parameters to the UEs. 

When Tx/Rx beam correspondence is not available at the UE, if TRP knows the best UL Tx beam and indicates the UE to use it, this loss can be avoided. If these adjustments may not be sufficient, other mechanism, e.g., CL-TPC, is also considered. For example, the step size for CL-TPC is flexible enough and configurable.
Observations 1: From UL power control perspective, it is highly desired that both DL Tx beam gain (gNB) and DL Rx beam gain (UE) gain are included in the path loss estimate obtained through DL measurement based on the DL RS with DL Tx beam-forming.

Proposal 2: When multi-beam operations are considered, the UL transmit power determination is based on the path loss estimate including the beam-forming gains obtained through DL measurement.
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Figure 1 – UL TPC when Tx/Rx beam correspondence is not available at either TRP or UE.

Another aspect is whether or not to consider numerology-specific parameter for UL TPC since the current UL transmit power is determined by the number of PRBs assuming a subcarrier spacing of 15kHz. For NR, larger subcarrier spacing such as 120kHz is considered. Even if the same number of PRBs and the same UL transmit power are assumed for 15kHz and 120kHz, the required SINR for achieving the same target BLER is different for 15kHz and 120kHz since the actual transmission bandwidth and noise power are different. Therefore, a numerology specific parameter would be needed. A subcarrier spacing of 15kHz is agreed as the reference numerology and the other subcarrier spacing would be expressed using a scaling factor n (e.g., n=2m) and 15kHz. Hence, the extension of UL TPC is also considered using this scaling factor n, i.e., 
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Proposal 3: The numerology specific parameter, i.e., scaling factor compared to the reference numerology, can be considered.
3. Conclusion
In this contribution, we presented our initial views on the UL transmit power control for NR. We consider that the UL transmit power determination in LTE can be also reused for NR as the starting point. In addition, we would consider the new aspects for NR, e.g., beam-forming operation and multiple numerologies. Based on the discussion, we made the following proposals and observation.
Proposal 1: For a lower carrier frequency below 6GHz, the UL transmit power determination is the same as that for LTE.
Observations 1: From UL power control perspective, it is highly desired that both DL Tx beam gain (gNB) and DL Rx beam gain (UE) gain are included in the path loss estimate obtained through DL measurement based on the DL RS with DL Tx beam-forming.
Proposal 2: When multi-beam operations are considered, the UL transmit power determination is based on the path loss estimate including the beam-forming gains obtained through DL measurement.
Proposal 3: The numerology specific parameter, i.e., scaling factor compared to the reference numerology, can be considered.
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