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1 Introduction

In RAN1#adhoc, the following agreements were achieved for beam management [1]:
Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking

· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where

· M≥1. Maximum value of M may depend at least on UE capability.

· FFS: UE may choose at least one beam out of M for NR-PDCCH reception

· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols

· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 

· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration

· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains

· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).

· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design

· FFS: Required parameters

· FFS: Need to support both higher layer signaling and MAC CE

In RAN1#88, the following agreements were achieved for beam management [2]:
Agreements:
· Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported.

· Notes: beam measurement RS includes CSI-RS, RS defined for mobility purpose, FFS: SS & DMRS

· FFS: on multiple type of RS 

· FFS: other DL RS

· FFS: Whether beam pair link and/or beam group and/or layer specific power control parameter set(s) includes [image: image2.png]
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· Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS).

· Same gNB antenna port can be used for pathloss measurement for multiple process.

· FFS: Different gNB antenna ports can be used for pathloss measurement for each process

· NR supports power control for UE side multiple panel transmission
· FFS: specification impact to support multiple panel

· FFS: waveform independent/dependent parameters for power control
This contribution discusses considerations on PHR in NR and provides our considerations.

2 PHR
The Power Headroom reporting procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission and also with information about the difference between the nominal UE maximum power and the estimated power for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell.
In case of LTE, path loss change of a serving cell can be used to trigger PHR as following [2].

	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the function;

-
activation of an SCell of any MAC entity with configured uplink;
-
addition of the PSCell;
-
prohibitPHR-Timer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true in this TTI for any of the activated Serving Cells of any MAC entity with configured uplink: 

-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc [10]) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.


For NR serving cell without beam operation or with single beam operation, the above events to trigger the PHR can be used as baseline.

Proposal 1: For NR serving cell without multi-beams operations, at least the events to trigger the LTE PHR in LTE can be used as baseline.
Furthermore, beam forming is introduced in NR. To support robustness transmission, multi-beams operation within a cell is the most potential solution to the blockage, i.e. the UE should be able to send data via multiple beam pair links of one cell simultaneously or in different time distance. In this case there may be some potential issues which needs to be discussed for the NR PHR procedures.
· Possible issue 1: Whether beam-level DL Pathloss has changed more than a threshold can be used to trigger PHR?

In NR, to improve the transmission robustness, RAN1 agreed that UE is able to maintain multiple DL beam pair links of one cell between multiple TRPs and the UE. Multiple TRPs can be located in different locations to extend the cell coverage. Therefore the channel conditions on these DL beam pair are almost independent. When UE moves to a new location, it is likely that the channel quality, e.g. pathloss, of some serving beam pairs are degraded e.g. due to temporary blocking from trees, while the channel quality of other serving beams are still good. One example is showed in figure 1. 

[image: image5.emf]TRP1

Pathloss1

Pathloss2

TRP2

UE

Block


Figure 1: an example of DL beams pathloss changing
Observation 1: there may be large difference in pathloss change among DL beams of different TRPs.
Based on TR 38.802[3], seen annex, RAN1 agreed, for UL power control, “Pathloss measurement for UL power control to be based on at least one type of DL RS for beam measurement is supported” and “NR supports beam specific power control as baseline.” In that case it will be very useful to inform the beam-related information on the beam pair links of which channel condition becomes worse to the gNB in time via a PHR MAC CE. When the gNB receives this PHR MAC CE it can take into account the corresponding beam-related path loss as early as possible on selecting suitable scheduling strategy to make best use of beam-specific resource in the subsequent UL scheduling. To achieve this, the UE can trigger a PHR when the corresponding beam-related path loss has changed more than a threshold for at least one serving UL beam pair links of an activated Serving Cell. To have more flexibility, the threshold can be (re)configured by network. 
Proposal 2: a PHR should be triggered when beam-level DL Pathloss has changed more than a threshold for at least a reference serving DL beam.
· Possible issue 2: Whether a new UL serving beam(s) is updated can be used to trigger PHR?
In case of LTE, PHR is triggered if activation of the SCell of any MAC entity with configured uplink. Therefore the eNB can take into accout the PHR MAC CE earlier for subsequent scheduling. For NR cell with beam operation, beam management is supported and the available serving beam pair can be frequently changed due to UE mobility as showed in figure 2. For this case, there will be also some benefits for gNB scheduling if the UE triggers a NR PHR when at least a new serving beam pair has been configured during beam management procedures, e.g. serving beam pairs switch from UE-TRP1 to UE-TRP2 and PHR is triggered in the figure 2. 
Proposal 3: A PHR should be triggered when at least a new uplink beam pair has been configured into the available beam set, e.g. during beam management procedures.
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Figure 2: an example of serving beam pair changing
· Possible issue 3: Whether the PHR MAC CE should be reported per UL beam?
The beam specific power control is supported. If the UE can sends the data via multiple beams of a cell simultaneously or in different time distance., it is very useful that the PHR MAC CE includes PHs of all configured/activated serving beam of all activated serving cell with beam operation in order to let the gNB to accurately know which DL beam pothloss is increased. 

Proposal 4: PHR MAC CE can include PH for the UL serving beam(s).

3 Conclusion

In this paper, we discuss PHR related issue. We have the following observations:
Observation 1: there may be large difference in pathloss among DL beams from different TRP.
We have the following proposals:
Proposal 1: For NR serving cell without multi-beams operations, at least the events to trigger the LTE PHR in LTE can be used as baseline.

Proposal 2: a PHR should be triggered when beam-level DL Pathloss has changed more than a threshold for at least a reference serving DL beam.

Proposal 3: A PHR should be triggered when at least a new uplink beam pair has been configured into the available beam set, e.g. during beam management procedures.
Proposal 4: PHR MAC CE can include PH for the UL serving beam(s).
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8.2.3
Power control

For NR-PUSCH at least targeting eMBB, both open-loop and closed-loop power controls are supported. Open-loop based on pathloss estimate is supported where pathloss measurement for UL power control is to be based on at least one type of DL RS for beam measurement. Note that beam measurement RS includes CSI-RS, RS defined for mobility purpose. The same gNB antenna port can be used for pathloss measurement for multiple processes.

Fractional power control is supported. Closed-loop power control is based on NW signaling. Dynamic UL-power adjustment is considered. 

Separate power control process can be supported for transmission of different channel/RS (i.e., PUSCH, PUCCH, SRS). 

NR supports beam specific power control as baseline. Power control for UE side multiple panel transmission is supported. 
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3GPP

TRP1
DL
DL
Pathloss1
Pathloss2
TRP2
UE
UL
Block
UL



TRP1
DL
DL
TRP2
UE
UL
UL
TRP1
DL
DL
TRP2
UE
UL
UL


Serving beam pairs
Non-Serving beam pairs
Serving beam pairs
Non-Serving beam pairs



