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1 Introduction
In RAN #80 meeting, a new Study Item, “Study on UE Power Saving in NR” was agreed with the following objective for RAN1:  
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
In this document, we discuss PRACH transmit power setting to reduce UE power consumption during a random access procedure of a connected mode UE.
2 Discussion
In NR, a random access procedure is used by a RRC connected mode UE for various purposes such as uplink synchronization, a scheduling request, a beam failure recovery request, and a system information (SI) request. When RACH is performed during handover or for beam failure recovery, UE may switch between contention-based and contention-free PRACH transmissions.    
Observation 1: In NR, a random access procedure is used by a RRC connected mode UE for various purposes such as uplink synchronization, a scheduling request, a beam failure recovery request, and a SI request. Thus, optimizing PRACH transmit power is beneficial for power saving of the connected mode UE.  
According to Section 7.4 in TS38.213, a UE determines a transmission power for a physical random access channel (PRACH), 
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 is the configured UE transmission power defined in [TS 38.101-1] and [TS38.101-2] for carrier 
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 is the PRACH target reception power PREAMBLE_RECEIVED_TARGET_POWER provided by higher layers [TS 38.321] for the active UL BWP 
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 and calculated by the UE in dB as referenceSignalPower – higher layer filtered RSRP, where RSRP is defined in [TS 38.215] and the higher layer filter configuration is defined in [TS 38.331]. 

Further, according to Section 5.1.3 of TS 38.321, if a UE changes the spatial domain transmission filter before a PRACH retransmission or a SS/PBCH block selected for random access resource selection is changed for the PRACH retransmission, UE does not increment the power ramping counter but maintains the value of the power ramping counter.
During the RACH procedure, if the UE switches from contention-based random access (CBRA) to contention-free random access (CFRA), it may not be necessary for the UE to transmit a contention-free PRACH with using the power ramping counter incremented by the previous CBRA based PRACH transmission(s). Thus, it may be desired that the UE determines the PRACH target reception power without using the power ramping counter of CBRA when the UE switches from CBRA to CFRA, as follows:
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE
Subsequently, if the RACH procedure is not completed and the UE switches from CFRA back to CBRA, the UE may have to increment the power ramping counter to reflect the inter-cell interference affecting both CBRA and CFRA and determines the PRACH target reception power as before as,

PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + POWER_RAMPING_COUNTER * powerRampingStep,
From the above example, it may be beneficial to further study UE’s PRACH power ramping taking into account switching between CBRA and CFRA.   
Observation 2: Transmitting a contention-free PRACH with using the power ramping counter incremented by the previous CBRA may cause unnecessary UE power consumption for the connected mode UE. 

Proposal: RAN1 further study UE’s PRACH power ramping taking into account switching between CBRA and CFRA.
3 Conclusion
In summary, we propose the following observations and proposal for optimizing power consumption of a connected mode UE during RACH:

Observation 1: In NR, a random access procedure is used by a RRC connected mode UE for various purposes such as uplink synchronization, a scheduling request, a beam failure recovery request, and a SI request. Thus, optimizing PRACH transmit power is beneficial for power saving of the connected mode UE.  
Observation 2: Transmitting a contention-free PRACH with using the power ramping counter incremented by the previous CBRA may cause unnecessary UE power consumption for the connected mode UE. 
Proposal: RAN1 further study UE’s PRACH power ramping taking into account switching between CBRA and CFRA.
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