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1 Introduction

During RAN2#100 and RAN1#91, the following agreements were made for random access on the supplementary uplink: 
Agreements for connected mode operation:

1
Random access resources (including PRACH and common PUSCH configuration just for the RA procedure) can be configured on both the UL and the SUL carrier.

FFS: Whether common PUCCH configuration is also needed for the connected mode case. 

2
For contention based RA, if the network does not explicitly tell the UE which carrier to use, the UE shall perform UL selection based on the RSRP threshold as initial access.

3
For contention free RA, the network explicitly indicates to the UE which UL carrier to used (e.g. in PDCCH order or via dedicated RRC RACH configuration) (For PDCCH order case RAN1 needs to make final decision if the carrier can be indicated in the DCI)

Agreements:

1: 
Common PUCCH configuration can be included in the common configuration in the RRC dedicated signalling.

2: 
The UL differentiation (i.e. indication of SUL and UL) in DCI is predefined 

3
In RRC signalling separate UL configuration and SUL configuration structures as they both only represent up to one UL configuration. The setupRelease structure can be used to indicate addition/modification/removal for each UL.

4: 
Confirm the RRC configuration as in the table in the paper (the BWP parts should follow the agreements from the BWP discussion)

Agreements

1. For CB RA, when needed (as per CP agreement) MAC layer selects the SUL carrier according to the RSRP threshold criteria

2. The UE shall not perform SUL switch while having an ongoing RA procedure 

Agreement: 

If only the PUCCH carrier in a cell with SUL is configured for potential PUSCH transmission, the bit field for non-SUL/SUL indication is not present in the non-fallback DCI.
Agreement: 

A separate 1-bit field in DCI is used to indicate UL and SUL of the same cell.

· The bit value of 0 refers to the UL in the cell

· The bit value of 1 refers to the SUL in the cell

Agreement: 
DCI field for non-SUL/SUL indication is not present in the fallback DCI and the fallback DCI always schedules PUSCH on the non-SUL

Agreement:

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

This contribution further discusses the random access procedure when a RACH configuration for the SUL carrier is available. 

2 Discussion

The UE may be configured with two uplinks for one DL of the same cell, where uplink transmission on the two uplinks is controlled by the network to avoid overlapping or simultaneous PUSCH transmissions in time. In addition, initial access is supported in each of the uplink.

2.1 Random Access Procedure on SUL

The UE may initiate a RA procedure on the SUL in the following events:
· In initial access, if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than a configured threshold.
· In connected mode, if the network requests the UE to initiate a RACH procedure, for path-loss and timing-advance acquisition for example.
Once started, all uplink transmissions of the random access procedure remain on the selected carrier.

Since RSRP measurements are not visible to MAC, the RSRP measurement should be conveyed to the MAC entity to the MAC entity. If the indicated RSRP is below the configured sul-RSRP-Threshold, MAC initiates a RA procedure on the SUL. 
Observation 1:
RSRP measurements are not visible to MAC, and should be indicated for the purpose of initiating an RA on the SUL.

In UL DCI design, a 1-bit field is configured to indicate whether the grant is on the non-UL or the SUL. Further, the 1-bit non-SUL/SUL indication included in the DCI can trigger PDCCH-ordered PRACH transmission. If SUL activation/deactivation is indicated via L1/DCI, the MAC entity should first stop any ongoing RACH procedure on the non-SUL carrier, then initiate random access with a new procedure using the RA configuration associated with the SUL carrier.

Observation 2:
In connected mode, the network can request the UE to initiate a RA using the 1-bit SUL/non-SUL indication field in the DCI. 

Proposal 1:
Random access initiated by a PDCCH order includes the case where a DCI indicates to initiate random access on the SUL.

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. As per TS 38.321, there is only one Random Access procedure ongoing at any point in time in a MAC entity, which shall not be changed when the UE is configured with an SUL.

If the UE starts the procedure using the non-SUL RACH configuration, then SUL become active, the following options are possible:

1- The UE continues the RA procedure on the non-SUL RACH configuration until it terminates (either successfully or unsuccessfully).

2- The UE stops the RA procedure and starts a new RA procedure on using the SUL RACH configuration.

Continuing the ongoing procedure as per option 1 is not desirable, as the UE may continue preamble retransmissions until ra-PreambleTx-Max is reached, especially if radio propagation conditions for the non-SUL carrier deteriorate. In order to avoid such delay, the UE should stop the RA procedure and start a new RA procedure on using the SUL RACH configuration if the SUL becomes active.
Proposal 2:
The MAC entity stops any ongoing procedure when it receives a DCI indication to trigger a RA on the SUL, then restarts the RA procedure using the SUL carrier.
2.2 Preamble selection for SUL
PRACH transmission on SUL for initial access has its own separate power control configuration.  The SUL preamble power setting applies 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 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, and atmospheric loss. 

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. Alternatively, ra-PreambleInitialReceivedTargetPower may be overprovisioned to compensate for the path loss estimation errors, and a number of power ramping iterations within the RA procedure may be needed to reach the necessary power.  
Observation 3:
The pathloss estimate is crude for the SUL carrier, since the estimate is based on a frequency-gap offset from the pathloss estimate of the DL carrier in LOS conditions.
As per MAC specs, preamble Group B is selected if Msg3 size is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX – ra-PreambleInitialReceivedTargetPower. Therefore, in the context of RA using the SUL carrier, if ra-PreambleInitialReceivedTargetPower is overprovisioned to compensate for pathloss errors and allow a number of power ramping iterations within the RA procedure, preamble Group B is more probably to be selected if Msg3 size is large even if the path loss is high.

Observation 4:
Overprovisioning ra-PreambleInitialReceivedTargetPower to compensate for pathloss estimation errors and allow a number of power ramping iterations a results in a higher probability in selecting Group B despite having high path loss.
That given, the pathloss estimate for the SUL is not accurate enough to be used in the MACs RA procedure when partitioning the preamble space per PRACH resource. Partitioning based on crude estimation should be avoided. Therefore, preamble partitioning based on groups A and B -as currently done in for any uplink carrier- should be purely based on the computed msg3 size. In other words, the pathloss estimate of the SUL is not taken into account when the MAC selects a preamble from group A vs. group B for CBRA. Since the SUL usage is mainly driven by coverage reasons and typically used by UEs in cell edge, further differentiation based on pathloss may not be necessary.
Proposal 3:
For contention-based RA on the SUL, the pathloss estimate is not used when the MAC entity selects a preamble group. Group A or B is selected purely based on msg3 size. 
3 Conclusion

RAN2 should discuss the above and agree to the following proposals:
Observation 1:
RSRP measurements are not visible to MAC, and should be indicated for the purpose of initiating an RA on the SUL.

Observation 2:
In connected mode, the network can request the UE to initiate a RA using the 1-bit SUL/non-SUL indication field in the DCI. 

Proposal 1:
Random access initiated by a PDCCH order includes the case where a DCI indicates to initiate random access on the SUL.

Proposal 2:
The MAC entity stops any ongoing procedure when it receives a DCI indication to trigger a RA on the SUL, then restarts the RA procedure using the SUL carrier.

Observation 3:
The pathloss estimate is crude for the SUL carrier, since the estimate is based on a frequency-gap offset from the pathloss estimate of the DL carrier in LOS conditions.

Observation 4:
Overprovisioning ra-PreambleInitialReceivedTargetPower to compensate for pathloss estimation errors and allow a number of power ramping iterations a results in a higher probability in selecting Group B despite having high path loss.

Proposal 3:
For contention-based RA on the SUL, the pathloss estimate is not used when the MAC entity selects a preamble group. Group A or B is selected purely based on msg3 size. 
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