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Introduction
In RAN1#89,  beam specific pathloss measurement based on SSS, DMRS of PBCH and CSI-RS were agreed for UL PC as follows,
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

In RAN1#88bis, the beam-specific power controls were agreed as follows,

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
· gNB is aware of the power headroom differences for different waveforms, if the UE can be configured for both waveforms.
· FFS: offset configured/specified, reported, 
· FFS on the details of power control parameters for example, P_c, Max or other open/closed loop parameter

In this contribution, we discuss the general framework of RACH power control and power ramping procedure.   
RACH Power Control Framework 
UL power control is designed to set the transmit power to meet the desired QoS at the reception point(s) but minimize the interference to the neighboring reception points.  In LTE, fractional power control principle sets the UE transmit power by compensating faction of the path loss to meet the target SINR.   The UL transmit power would be dynamically adapted to the target reception point(s) for link adaptation gain in meeting the target SINR.   RACH power control follows the same power control principle to compensate fraction of the path loss and achieve the target SINR for detection and demodulation.  RACH procedure encompasses the transmission of random access preamble and random access response.  The remaining messages are scheduled for transmission by the higher layer on the shared data channel and are not considered part of the L1 random access procedure.   RACH power control framework includes initial power setting and power ramping for RACH preamble and power control for RACH Msg3.   

RACH Preamble Power Control

RACH power control is triggered by RACH preamble transmission in the L1 RACH procedure.  A RACH preamble is selected from RACH resource allocation.  A target preamble received power with corresponding PRACH resource and RACH ID (e.g., RA-RNTI in LTE) are included in the RACH preamble resource set (preamble sequence set).  The target preamble received power is the target SINR for gNB successful RACH preamble detection.  The power control of RACH preamble compensates the path loss fully for effective RACH preamble detection at the gNB.   The RACH preamble power is set 




where 
· 
 is the configured maximum UE transmitted power 
· 

is the target preamble received power for a given numerology.  The target preamble received power is provided by higher layer along with the preamble sequence set for j=0 and 1.  
· 
For j=0,  is the target preamble power in normal coverage
· 
For j=1,  is the target preamble power in extended coverage with configured number of repetitive transmissions of RACH preamble sequence. 

· 
 is the delta power offset of different preamble format for j=0 and 1.
· 
For j=0,  is the delta power offset in associated with long preamble format
· 
For j=1,  is the delta power offset in associated with short preamble format

· PL is the downlink pathloss estimate calculated in the UE.

Proposal 1:  NR RACH preamble power control is based on the principle of full pathloss compensation with target preamble received power provided together with RACH preamble sequence set.  
 
RACH Power Ramping Procedure

Once the RACH Preamble is transmitted, UE monitors the RACH Acess Response (RAR) message from the gNB.  UE will monitor the RAR message within RACH Response window, which starts at the end of the preamble transmission  plus the processing time.  The RACH Response Window is provided along with other parameters, such as target received Preamble power, in the RACH preamble sequence set system information, which is specific for each transmit beam in single or multi-beam configuraiton.  If the RACH preamble is configured with extended coverage, the RACH Response window starts at the end of the last preamble repetition plus the processing time.   
UE would stop monitoring for Random Access Response(RAR) after successful reception of a Random Access Response containing RACH Preamble ID that matches the transmitted RACH Preamble sequence.  If no Random Access Response associated with the transmitted RACH Preamble sequence is received within the RACH Response window, UE will retransmit the RACH preamble sequence with power ramping procedure as fllows,
· Increment the counter of RACH Preamble tranmsission by 1

· Select a random backoff time based on the specified probability distribution provided by higher layer along with the RACH preamble sequence set

· Delay the subsequent RACH Preamble sequence transmission by the backoff time

· 
Set the RACH preamble transmission power  
· 
where is the power ramping step size provided by higher layer along with other parameters in the RACH preamble sequence set.  
The power ramping procedure would repeat if UE does not receive RAR message within the RACH Response window until the counter reach the maximum number of RACH preamble transmissions, which is a parameter provided by higher layer.

Proposal 2:  RACH power ramping procedure include several parameters provided along with RACH preamble sequence set,
· The maximum number of RACH preamble transmission 
· Backoff time and its associated probability distribution
· Power ramping step size

Consideration of NR RACH Msg3 Power Control

NR RACH Msg3 is carried by UL shared channel (PUSCH).  The power control of NR RACH Msg3 should be based on NR PUSCH power control framework in [4].   NR RACH Msg 3 power control  should also consider these factors with additional variables in consideration as follows,

· 

Different Numerologies – RACH Msg3 numerology might not be the same numerology as that of SS block.  When RACH Msg3 is configured with different subcarrier spacing to the default subcarrier spacing, the bandwidth of PUSCH resource would be increased/decreased in proportion to the increase/decrease of subcarrier spacing.  UL power control should contain the adjustment factor  for subcarrier spacing different to the default subcarrier spacing.  The adjustment factor for different numerology is defined as follows,




where is the configured subcarrier spacing for UL transmission and is the default subcarrier spacing used for PRACH in the initial access.


Proposal 3: NR power control should include adjustment factor  when the numerology configured for RACH Msg3 is different from the default numerology

· 


CP-OFDM and DFT-S-OFDM based waveforms - It was agreed in RAN1#86bis that both CP-OFDM and DFT-S-OFDM based waveforms are supported, at least for eMBB uplink for up to 40GHz.   CP-OFDM and DFT-S-OFDM based waveforms have different PAPR values.   To operate UE linear amplifier (LNA) for both waveforms without signal distortion, the maximum power for CP-OFDM waveform with high PAPR should be back off with factorbased on the measurement.  The value of the back off factor is determined by the difference of average PAPR between the measured PAPR of configured waveform and the average of reference DFT-S-OFDM waveforms.   



Proposal 4:   The maximum power should include the back-off factor for RACH Msg3 with configured waveform based on measured PAPR with respect to the average PAPR of DFT-S-OFDM waveform

· Nominal Power Offset – The target received power of RACH Msg3should be set based on the target Preamble received power with additional adjustment.   Since RACH Msg3 is carried by PUSCH, the nominal power component of PUSCH power control formula shown in [4] should include additional value j =3 for RACH Msg3 as follows,




where is the delta between target received power of RACH Msg3 and target Preamble received power.

Proposal 5:   The nominal power component of PUSCH power control formula should include additional value j =3 for RACH Msg3


Conclusion
In this contribution, we discuss RACH power control and power ramping procedure.   Based on the discussion, we have the following proposals:
· Proposal 1:  NR RACH preamble power control is based on the principle of full pathloss compensation with target preamble received power provided together with RACH preamble sequence set with the power control formula as follows,


· Proposal 2:  RACH power ramping procedure include several parameters provided along with RACH preamble sequence set,
· The maximum number of RACH preamble transmission 
· Backoff time and its associated probability distribution
· Power ramping step size
· 
· 
Proposal 3: NR power control should include adjustment factor  when the numerology configured for RACH Msg3 is different from the default numerology
· 

Proposal 4:   The maximum power should include the back-off factor for RACH Msg3 with configured waveform based on measured PAPR with respect to the average PAPR of DFT-S-OFDM waveform
· Proposal 5:   The nominal power component of PUSCH power control formula should include additional value j =3 for RACH Msg3
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