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1 Introduction
RAN1 discussed about UL power control with multi-antenna scheme and agreed that NR supports beam specific power control with below agreements [1][2]:
	Agreements@RAN1#88:  
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.

· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on

· Should consider different inter-panel phase calibration cases
Agreements@RAN1#88:  
· 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)
Agreements@RAN1#88bis:
· Support beam specific pathloss for ULPC
Agreements@RAN1#88bis:
· 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


This contribution aims to identify the aspects which have impacts on the pathloss estimation in PHR considering beam mismatch between downlink and uplink.
2 Discussion 
One of the key features in NR is beamforming, and NR design should support efficient UL power control with beamforming transmission. RAN1 has agreed on enhanced beamforming transmission which would extend coverage and offer increased data rate over broad frequency band. Accordingly, NR utilizes a large number of antennas compared to LTE. Based on the RAN1 discussion, NR agreed to support UL power control with multi-antenna scheme and beam specific power control [3]. 
2.1 Power Headroom and Pathloss in LTE
The target of power headroom(PH) reporting procedure in LTE is to inform the base station of the difference between the nominal UE maximum transmit power and the estimated power for the uplink shared channel (UL-SCH) transmission. The eNB can use this information for efficient link adaptation and scheduling since the PH report bears information how much unused transmission power UE has. PH reports are not sent in every subframe, but instead, a periodical timer or a downlink pathloss change can trigger the reporting [4]. In addition, the PHR can be used to estimate the downlink pathloss, UE transmission power and the uplink gain. 
For instance, the PH report in dBm scale for the ith subframe on PUSCH is given as 
PH(i) = PCMAX(i) – {10log10(MPUSCH(i)) + P0_PUSCH(j) + α(j)·PL + ΔTF(i) + f(i))}   (1),
where the variable PCMAX is the UE maximum transmission power. The variable MPUSCH is a physical resource block (PRB) allocation for ith subframe. The variable P0_PUSCH(j) defines the minimum transmission power level per PRB and it consists of cell specific and UE specific components. The variable α(j) defines the degree of a factional pathloss compensation for the measured pathloss (PL). The j depends on the transmission type e.g., whether or not a semi-persistent or a dynamically scheduled grant is provided. The variable ΔTF(i) is a modulation and coding scheme (MCS) dependant constant offset of ith subframe. The variable f (i) is a function that provides relative, cumulative or absolute corrections to the closed loop power control mechanism [5].
2.2 Use case of multiple PHs based on beam domain
As discussed in previous section, the measured pathloss (PL) at UE is obtained from the difference between RSRP measurements and eNB signalled transmission power information (that is transmission power of reference signal from gNB). Based on RAN1 agreement, NR PHR can estimated pathloss based on the SSS, DM-RS and CSI-RS instead of CRS. In this section, the need of multiple PHs per beam or per TRxP is discussed and it can be varied according to the number of uplink beam-pairs.
Multiple/simultaneous uplink transmission with different beam-pairs
If NR utilizes more than two beam-pair simultaneously for UL transmission depending on RAN1 (this issue is on-going discussion and not agreed yet), gNB may require multiple PH information in PHR. 
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Figure 1: Example of multiple uplink transmission through different beam-pairs: (a) within same TRxP (b) across different TRxPs.
In Figure 1 (a), if multiple uplink transmissions are configured and/or scheduled through different beam-pairs within same TRxP, gNB may estimate from one PH to another PH, because there may have channel correlation between different beam-pairs within same TRxP. While as shown in Figure 2 (b), the pathloss cannot be estimated based on the beam in different TRxP because the TRxPs locates separately and the corresponding pathloss can be changed.
Observation 1: When multiple up transmissions with different beam-pairs especially for across TRxPs are configured, extended PHR with multiple PH per beam or per TRxP is needed.
Proposal 1:  In NR, when multiple/simultaneous UL transmission is configured with different beam-pairs, especially for across TRxPs, extended PHR shall be supported.
Single uplink transmission with different DL and UL beam-pairs
Even though multiple Power Headroom information based on beam domain in PHR may not essential where NR just enables single serving beam-pair for UL transmission at one moment, complementary PH information provisioning the change of UL beam-pair.

However, the estimated pathloss from downlink can be different from the pathloss of uplink in the case of downlink and uplink mismatch. The channel mismatch between downlink and uplink can be more likely in beamforming-based transmission due to the characteristics of beam configurations as follows: 
Case 1) The numbers of antenna panel in transmitter and receiver are different and therefore the beam gain. To extend UL coverage, network can configure a larger number of receiver antennas than that of transmitter antennas. And UE also can have a larger number of transmitter antennas than that of receiver antennas. 
Case 2) Even with same number of antenna panels at transmitter and receiver, network can select different transmitter-receiver beam pair on downlink and uplink for operational flexibility.

Case 3) Network can configure different beam width and beam gain for synchronization, control, and data. For instance, synchronization signal can be transmitted with very wide beam while the control signal and data can be delivered with wide beam and narrow beam respectively.
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Figure 2: Example of single uplink transmission through different DL/UL beam-pairs: (a) within same TRxP (b) across different TRxPs.
Observation 2: Even for single uplink transmission, extended PHR with multiple PH corresponding beams is beneficial because the beam-pair in downlink can be different from the beam-pair in uplink.
Proposal 2:  In NR, even when single UL transmission is configured with different DL/UL beam-pairs, especially for across TRxPs, extended PHR shall be supported.
2.3 Possible impact on RAN2 specification 
In beamforming-based transmission for supporting per beam uplink power control, extended PHR with multiple PH can be operate with the following options:

Option 1) Use legacy PH report as it is:
 If the beam configuration is static the channel mismatch between downlink and uplink can be corrected at UE and network side independently. For instance, Case 1) and Case 3) can be managed without additional signalling for pathloss estimation for PH report: UE can compensate for the beam gain difference between downlink receiver and uplink transmit antenna panel from pathloss estimation for PH report. Using this revised PH report from UE, network can revise its beam gain difference between downlink transmitter and uplink receiver antenna panel.
Option 2) Extend PH report with multiple PH information per beam:
Intuitively, multiple PH per beam may be needed where multiple UL transmission with different beam-pairs. And even Single UL transmission, in the case of their being different transmitter-receiver beam pairs on downlink and uplink (Case 2 above), additional signalling may be required for pathloss estimation for PH report.
Option 3) Extend PH report with multiple PH information per TRxP:

In NR, depending on network architecture of CU/DU/TRxP, one DU (cell) can be consisted with multiple TRxPs. Especially in the case of beam change between different TRxPs, the distances from UE to the TRxPs and the corresponding pathloss can be different: UE needs to know the pathloss of the beam pair on uplink beam-pair, rather than on downlink beam-pair.

Beside the above options (i.e. whether NR PHR needed to be extended with beam or TRxP domain), the other RAN2  options needs to be discussed further including which beams or TRxPs need to be reported with PHR,   for instance, all beams, feasible beams which has smaller pathloss than threshold, candidate beams configured by gNB, etc.
Proposal 3:  RAN2 should further discuss whether NR PHR needed to be extended with multiple PH per beam or at least per TRxP or not.
3 Conclusion

Observation 1:  When multiple up transmissions with different beam-pairs especially for across TRxPs are configured, extended PHR with multiple PH per beam or per TRxP is needed.
Observation 2: Even for single uplink transmission, extended PHR with multiple PH corresponding beams is beneficial because the beam-pair in downlink can be different from the beam-pair in uplink.
Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1:  In NR, when multiple/simultaneous UL transmission is configured with different beam-pairs, especially for across TRxPs, extended PHR shall be supported.
Proposal 2:  In NR, even when single UL transmission is configured with different DL/UL beam-pairs, especially for across TRxPs, extended PHR shall be supported. 
Proposal 3:  RAN2 should further discuss whether NR PHR needed to be extended with multiple PH per beam or at least per TRxP or not.
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