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1. Background and introduction
In the previous RAN1 meetings, several agreements about power control have been achieved [1][2].  

Agreements:
· NR supports beam specific power control as baseline.

· FFS details especially regarding handling layer/layer-group/panel specific/beam group specific/beam pair link specific power control

· FFS whether to apply open loop only, closed loop only, or both

· Waveform (CP-OFDM vs. DFT-s-OFDM) specific power control for a UE, e.g., PHR, offset needs to be studied in WI.
Agreements:
· 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

· …
In this contribution, we discuss more details on beam specific power control.
2. Discussion 
2.1. Beam specific power control

In LTE uplink, the transmitted power of PUSCH is based on the estimated pathloss, targeted received power Po and scheduled PRB number M, as below [3].
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The estimated pathloss is based on non-beamformed CRS in LTE. Due to high propagation loss in high frequency, most channels in NR will be transmitted based on beamforming. But the received power will be various when the transmission beam points to different directions. It is the same for the uplink that the required transmission power at UE side will be different when the received beams are switched. When the beam correspondence exists, gNB could use the same beam for downlink transmission and uplink receiving.

It is more power efficient for UE to use beamformed pathloss in the uplink. But this requires more information about which pathloss should be referred, since multiple transmission beam could be used in downlink. And beamformed receiving and transmission could also be used at UE side. Considering the discussion above, the function of power control should be as follows,
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is the estimated pathloss based on specific beam or beam pairs. And it could be indicated by beam pair index, e.g. 
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. The tx beam at the footnote represent the transmission beam at gNB in downlink. And rx beam represents the receiving beam at UE side. When the receiving beam is transparent to gNB, the footnote rx beam could be omitted, namely
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Proposal 1:

The uplink power should be derived from beam specific pathloss.
The estimated pathloss should be averaged over multiple measurement samples to cope with fast fading. A period of measurements before any transmission is preferable. Since multiple downlink beams at gNB side could be used, multiple beams should be monitored by UE. A predefined monitoring set of downlink beams could reduce the workload of UE. If a candidate beam subset could be defined, it could also reduce the overhead for beam indication.
Proposal 2:
Multiple beams should be monitored for beam specific power control. A candidate beam set could be defined for downlink pathloss monitoring.
Base on multiple beam measurements, multiple power settings could be restore at UE side. When uplink traffic is scheduled, UE could use one of the power settings according to gNB’s indication. The general procedure is illustrated as below,


[image: image6.emf]gNB UE

Reference signals base on 

multiple beam transmission

Scheduling with beam indication

Uplink transmission according to 

beam specific PC

UE monitor some of

candidate beams


Figure 1 general procedure on uplink power control
2.2. Reference signal

It was agreed that the SS block and CSI-RS could be used for RSRP measurements in the last meeting.
Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode
NR-SSS could support RRM measurement in IDLE mode. And CSI-RS could be used for the same function in CONNECTED mode in addition to IDLE mode RS. 
Since the contents of BPCH are limited. For an initial accessed UE, the CSI-RS configuration may not be available. But SS blocks are detectable to a UE without prioi information. Thus, the power setting of PRACH could refer to SS block measurement. Also the estimated pathloss based on SS block could be used for the initial open loop power settings.  
Proposal 3:

The power setting of PRACH should base on the measurement of SS block. 
Consequently, the power control function of PRACH could be like this,
 PPRACH = min{
[image: image7.wmf])

(

c

CMAX,

i

P

,  PREAMBLE_RECEIVED_TARGET_POWER + 
[image: image8.wmf],__

ctxbeamindex

PL

 }
When the CSI-RS configuration is available, multiple CSI-RS process could be configured for a UE. And multiple beam specific pathloss could be obtained by UE through CSI-RS. CSI-RS could achieve better RSRP accuracy since CSI-RS could occupy wider bandwidth compared with SS block.
Both SS block and CSI-RS could work as power reference signal providing beam specific pathloss. UE should monitor multiple beams and restore multiple beam specific power settings. gNB could schedule any power settings according to traffic load or interference situations. There are several alternatives for signalling UEs which beam specific pathloss should be used in the next uplink transmission.
Alternative 1, implicit indication of power control reference beam.

Assuming that strong connections exist between UL grant in PDCCH and uplink transmission, the transmission beam used for PDCCH could be used for uplink receiving.

The information of power control reference beam could be indicted implicitly though PDCCH beam. UE could consider the beam which carries the PDCCH as the power reference beam. Or gNB could indicate the power reference beam thought the association between CSI-RS port and PDCCH DMRS.

Alternative 2, explicit indication of power control reference beam.

The information of power control reference beam could be indicated by the PDCCH scheduling messages directly. In the uplink scheduling, the beam indication could be carried in the UL grant message. For the downlink, the feedback of ACK/NACK could be sent according to the indication in the scheduling message.

Alternative 2 provides more flexibility, that for both transmission in uplink and feedback for downlink UE could use a different RX beam from the PDCCH. 
Observation : explicit indication of power control reference beam could provide more flexibility. UE could use a different receiving beam in uplink which is different from PDCCH.
3. Conclusion
In this contribution, we discuss more details on beam specific power control.
Proposal 1:

The uplink power should be derived from beam specific pathloss.
Proposal 2:
Multiple beams should be monitored for beam specific power control. A candidate beam set could be defined for downlink pathloss monitoring.
Proposal 3:

The power setting of PRACH should base on the measurement of SS block. 
Observation 1: explicit indication of power control reference beam could provide more flexibility. UE could use a different receiving beam in uplink which is different from PDCCH.
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