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1 Introduction

In the last RAN2 meeting, PHR with multi-beam operation was discussed and it was agreed not to introduce new PHR triggers or formats for beams. However, as discussed in RAN1 [5], even in case of single TRP reception, multi-beam transmission can be enabled by multi-panel so that beams from different antenna panel can communicate with different TRPs in the same serving cell. Especially, according to previous discussions in RAN1, the following agreements were achieved for UL power control [1][2]:
Agreements:

· Support beam specific pathloss for ULPC
Agreements:

· 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
Agreements:
· Support PH calculation for PUSCH transmission

· Calculation for current transmission 

· FFS: Calculation for non-current transmission


[image: image1.wmf]{

}

)

,

(

)

(

)

(

)

(

)

(

))

(

(

log

10

)

(

,

0,

PUSCH,

10

cmax,

l

i

f

i

k

PL

j

j

P

i

M

i

P

PH

c

c

TF

c

c

c

c

c

c

+

D

+

×

+

+

-

=

a


Agreement

Support the following PUSCH power control in NR:
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· For the pathloss measurement RS indication.

· k is indicated by beam indication for PUSCH (if present) 

· A linkage between PUSCH beam indication and k which is index of downlink RS resource for PL measurement is pre-configured via high layer signal

· Only one value k is RRC configured in UE specific way if PUSCH beam indication is not present 

· Value of P_0 is composed by cell specific component and UE specific component

· At least three cell specific component values of P_0 can be configured
· alpha is 1 by default before UE specific configuration
· Candidate values are the same as in LTE

· j can be configured for the following aspects

· grant-based PUSCH, grant-free PUSCH and PUSCH for msg 3

· PUSCH beam indication (if present) for grant-based PUSCH

· FFS: logical channel of PUSCH

· slot sets (if supported)

· Working assumption: for two uplinks of SUL band combination

· If N=2 (number of closed loop process) is configured for UE, l can be configured for the following aspects 

· PUSCH beam indication (if present) for grant-based PUSCH

· slot sets (if supported)

· grant-free PUSCH and grant based PUSCH 

· FFS: logical channel(s) carried by PUSCH

· Working assumption: for two uplinks of SUL band combination

· FFS: whether delta_TF takes into account received SNR target difference between DFT-s-OFDM and CP-OFDM or not.

· Capturing the agreement in the NR specification is up to the editor

This contribution discusses considerations on PHR with multi-beam operation in NR and provides our considerations.

2 Discussion
Beam forming is introduced in NR. DL Beam management (BM) aims at ensuring that a suitable DL beam par link set to communicate with the gNB is always available at least for PDCCH transmission. It includes beam measurements, beam reporting, beam switching and recovery from beam failure. The available beam set can be updated during BM procedures. When the channel quality of beam pair link(s) belonging to the beam set is degraded and is not available for PDCCH transmission due to UE mobility, BM procedure can be triggered and performed to replace the degraded best beam pair link(s) with another best beam pair link(s) for the PDCCH transmission. In this paper if a DL beam is available for PDCCH transmission during beam management procedure, it is considered as a serving beam; otherwise it is considered as candidate beam.
To support robustness transmission e.g. for PDCCH, multi-beam operation within a cell is the solution with the highest potential to avoid blockage, i.e. the UE should be able to send data via multiple beam pairs from one cell simultaneously or in different time distance. In this case, there may be some possible issues which need to be addressed for the NR PHR procedures.

· Possible issue 1: Whether or not PHR should be triggered if beam-level DL pathloss has changed for more than a certain threshold?

Based on the RAN1 agreement multiple TRPs are supported within one cell to extend the cell coverage. Therefore, the channel conditions on DL beam pairs are almost independent. When UE moves to a new location, it is likely that the channel qualities, e.g. pathloss, of some beam pairs are degraded e.g. due to temporary blockage, while the channel quality of other beams are still in good channel condition. This is further illustrated with one example in figure 1. 
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Figure 1: an example of DL beams pathloss changing
Observation 1: There may be large difference in pathloss changes for DL beams of different TRPs due to their locations.
The gNB needs to take into account the path loss for data transmission. However for the candidate beam it is not used to data transmission. It is reasonable the PHR should not be triggered when beam-level DL pathloss has changed more than a threshold for candidate beam. Therefore we propose
Proposal 1a: PHR should not be triggered when beam-level DL pathloss has changed more than a threshold for at least a candidate beam.

In NR, to improve the PDCCH transmission robustness, RAN1 agreed that UE should be able to maintain multiple DL serving beam pairs of one cell between multiple TRPs and the UE. According to TR 38.802[3] (refer to annex), RAN1 has 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.” At RAN1#89, RAN1 has agreed “support beam specific pathloss for ULPC”. 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 DL beam pair links of an activated Serving Cell. To have more flexibility, the threshold can be (re)configured by network. 

Proposal 1b: PHR should be triggered when beam-level DL pathloss has changed more than a threshold for at least a reference serving DL beam.

The next question is how to calculate the Path loss change for serving beams. Two options are available.

· Option 1: Path loss change is based on the measurements for each reference DL serving beam

· Option 2: Path loss change is based on the measurements for multiple reference DL serving beams

For option1, once the path loss change is more than a threshold for any DL serving beam, PHR should be triggered. For option 2, the UE measures on a beam but the reference measurement is from another beam. Since the channel condition between different DL beams is independent, the pathloss change may be always more than a threshold. To avoid frequent trigger PHR, this option should not supported. One example is showed in table 1.
Table 1: path loss change

	Pathloss
	T0
	T1
	Option 1
	Option 2

	serving beam1
	X dB
	Y dB
	|Y-X| dB
	|X-W|

	serving beam2
	Z dB
	W dB
	|W-Z| dB
	|Y-Z|


Proposal 2: Beam-level path loss change is calculated only based on the measurement for each reference DL serving beams.
· Possible issue 2: Whether the PHR MAC CE should be reported per UL beam?
Since beam specific path loss is supported, if 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 the configured/activated serving beam(s) of all activated serving cell with beam operation in order to let the gNB to accurately know which DL beam pothloss is increased. In order to reduce the possible MAC CE overhead and UE complexity caused by multi-beam PHR, it is FFS whether further enhancements are needed. 
Proposal 3: PHR MAC CE can include PH for the configured/activated UL serving beam(s) and the corresponding beam identifier(s). 
3 Conclusion

In this paper, we discuss PHR in presence of multi-beam operations. We have the following observations and proposals:
Observation 1: There may be large difference in pathloss changes for DL beams of different TRPs due to their locations.
Proposal 1a: PHR should not be triggered when beam-level DL pathloss has changed more than a threshold for at least a candidate beam.

Proposal 1b: PHR should be triggered when beam-level DL pathloss has changed more than a threshold for at least a reference serving DL beam.

Proposal 2: Beam-level path loss change is calculated only based on the measurement for each reference DL serving beams.
Proposal 3: PHR MAC CE can include PH for the configured/activated UL serving beam(s) and the corresponding beam identifier(s). 
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	8. UL concepts

[xxx]

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. 

[xxx]
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