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1 Introduction
During the RAN1 #90 meeting, the following about UE performing RACH on SUL was agreed [2]:

Agreements:

· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 
Agreements:

· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.

· Power adjustment for SUL should be taken into account in the uplink power control

· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.

· Note: it may be possible to include the power adjustment in P0.

Further agreements below were discussed at RAN1 #AH3 meeting [3]:

Agreement:
· For PRACH/PUSCH/SRS on an SUL carrier associated with a NR DL/UL carrier, the range of the following values shall be sufficiently large to compensate the pathloss difference between the SUL carrier and the NR DL/UL carrier

· Received target power for PRACH power control,

· Po for PUCCH(if supported on SUL) power control, PUSCH power control, and SRS power control

· FFS maximum pathloss difference to be compensated

The agreement regarding SUL indication for PDCCH order RACH procedure was reached in RAN1 #91.

Agreement:

· 1-bit non-SUL/SUL indication is included in the DCI(s) that can trigger PDCCH-ordered PRACH transmission.

In addition, below is specified in TS 38.213 related to UE Msg2 reception:
“A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the SS/PBCH block identified in initial access procedure with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable.”
In this contribution we discuss remaining aspects related to RACH transmission on SUL.
2 Discussion
2.1 SUL power adjustment
It is agreed that a PRACH transmission on SUL for initial access has its own separate power control configuration.  Also, the SUL preamble power setting will apply a power adjustment to compensate the difference between a path loss estimate for the SUL frequency and the path loss measured on the NR DL carrier where the UE receives the RMSI.  The power adjustment can be done for example using a fixed compensation value configured by the network for applicable NR DL and SUL carrier frequency combinations. For example, the fixed compensation value can be based on free space loss for LOS condition, e.g. the free space path loss can be 43 dB between 70 GHz and 700 MHz carriers.  
However, the NR DL and SUL carrier frequency combination will include NR DL carrier frequency and SUL frequency that are located significantly far away from each other and these carrier frequencies will experience distinctly different propagation condition in NLOS conditions including reflection, diffraction and penetration. The maximum path loss difference between 70 GHz and 700 MHz can be 76 dB including penetration [1]. In addition, knife-edge diffraction loss of a NR DL at 70 GHz can be up to 20 dB higher than SUL at 700 MHz at certain distance and height.  Also, mmW frequencies are more subject to atmospheric loss, for example, when it is raining. Furthermore, based on such varying channel characteristics, it is unlikely that beam reciprocity exists in SUL, thus further complicating the path loss relationship. Therefore, the path loss difference between the two carrier frequencies can vary widely and a fixed compensation value based on free space loss or agreed maximum path loss difference can become highly inaccurate in certain types of NLOS conditions. In these scenarios, using a fixed path loss compensation for SUL PRACH power adjustment may cause excessive SUL preamble power and unnecessary UE battery consumption and interference.  
Observation 1: NR DL carrier frequencies, especially ones at mmW frequency range, will experience more varied path loss in different NLOS conditions compared to SUL frequency at below-6 GHz.  

Observation 2: Using a fixed compensation value for SUL power adjustment can result in highly inaccurate preamble power.  
It will be more accurate for a UE to estimate the path loss on a DL carrier frequency other than the NR DL frequency and closer to the SUL carrier frequency. For example, for a UE with both NR and LTE capability, the UE can be configured with a path loss measurement for SUL preamble power setting on CRS of a LTE carrier frequency transmitted from a LTE cell co-located with the NR cell. The configuration can include the LTE carrier frequency, CRS transmit power, LTE carrier system bandwidth, CRS transmit diversity (2-port or 4-port), PCI, etc.  The path loss derived on RSRP or RSSI measurement can be applied to the preamble power adjustment for PRACH transmission on SUL.    
Proposal 1: Support UE measuring an LTE carrier frequency for path loss estimate for a corresponding SUL preamble power setting. The LTE carrier frequency the UE should use for measurement, if needed, is provided by the network.  
It is agreed that a UE can be requested by the network to initiate a RACH procedure on SUL in CONNECTED mode.  For example, the TA timer of a UE in CONNECTED mode can expire after inactivity and when the network has downlink data intended for the UE, it will transmit a PDCCH order to initiate a RACH to establish synchronization.  In RAN1 #91 meeting, it is further agreed that the PDCCH-order DCI will contain a 1-bit field of non-SUL/SUL indication to trigger a PDCCH-ordered PRACH transmission on SUL.  
In this scenario, the network is able to determine the uplink path loss of SUL carrier frequency and NR UL based on previous SRS transmissions by the UE on the two uplinks.  Thus, the network can help UE set a more accurate SUL preamble power by including SUL path loss information in the PDCCH-order DCI.  For example, LTE DCI format 1A used for PDCCH order uses only DCI fields of preamble index and PRACH mask index and the rest of DCI fields such as resource block assignment and scheduling assignment of PDSCH code word are unused and set with fixed values.  A NR DCI format used for PDCCH-order RACH may also have unused bits that can be used to include SUL path loss information, e.g. SUL path loss estimate based on SUL SRS or a path loss difference between NR UL and SUL.  
2.2 RAR monitoring

It is agreed that the UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold.  It is conceivable for an above-6 GHz NR carrier frequency, e.g. 70 GHz, the UE performs initial access as below before determining a RACH transmission on SUL

1. UE detects and receives multiple beams, i.e. SSBs, transmitted in the NR cell

2. UE selects a beam based on a pre-configured rule, for example, the SSB with the best RSRP measurement above a pre-configured threshold
3. UE decodes RMSI transmitted in the beam and receives the RSRP threshold for SUL RACH transmission
4. If RSRP of the beam in which RMSI is received is lower than the threshold, the UE transmits RACH on the SUL.  Note the UE can read LTE cell information from the RMSI as discussed above for SUL power adjustment.
The UE can then monitor RAR in Type1-PDCCH specified in the received RMSI and assume (as specified in TS 38.213) DMRS for the Type1-PDCCH is QCL with the selected SSB for SUL Msg1 transmission. Thus, in order for gNB to transmit Msg2 in the same NR DL beam as the selected SSB, the SUL Msg1 transmission may carry indication to the gNB regarding the associated NR DL SSB.  This can be achieved by including SUL RACH resource (preamble index and RACH time/frequency resource) association with NR DL SSBs in RMSI.  Note the association can be similar to the NR UL RACH resource association with NR DL SSBs. 

Proposal 2: Support association between SUL RACH resource subset and NR DL SSB.
Proposal 3: Support Msg2 transmission QCL with NR DL SSB indicated by Msg1 transmission on SUL.
3 Conclusion

This contribution discusses remaining aspects related to RACH transmission on SUL.  
The following observations are made:
Observation 1: NR DL carrier frequencies, especially ones at mmW frequency range, will experience more varied path loss in different NLOS conditions compared to SUL frequency at below-6 GHz.  

Observation 2: Using a fixed compensation value for SUL power adjustment can result in highly inaccurate preamble power.  
Proposal 1: Support UE measuring an LTE carrier frequency for path loss estimate for a corresponding SUL preamble power setting. The LTE carrier frequency the UE should use for measurement, if needed, is provided by the network.
Proposal 2: Support association between SUL RACH resource subset and NR DL SSB.
Proposal 3: Support Msg2 transmission QCL with NR DL SSB indicated by Msg1 transmission on SUL.
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