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1. Introduction

At the RAN1#86bis meeting, random access procedure for multi-beam operation was discussed and the following agreements were reached. Although the following agreements are related to the case when Tx/Rx beam correspondence is available at gNB, most of the following procedures can be applied to the case when Tx/Rx beam correspondence is not available at gNB as agreed in [1].
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or  multiple  occasions for DL broadcast channel/signal and a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”

· Detailed design for RACH preamble should be further studied

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources

· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2

· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode

· Whether or how to report DL Tx beam to gNB, e.g.,

· RACH preamble/resource
· Msg. 3

· Whether or how to indicate UL Tx beam to the UE, e.g., 

· RAR

In this document, we describe and discuss the remaining issues on random access procedures when multi-beam operation is considered [1]. We also discuss how to perform the power ramping for the PRACH preamble considering multi-beam operation.
2. Random Access Procedure Considering Multi-Beam Operations
Based on the agreements shown in Section 1 and [1], the random access procedures for multi-beam operation are described. As one or multiple occasions for DL broadcast channel/signal is associated with a subset of RACH resources through broadcast system information, a subset of RACH resources is implicitly associated with a TRP Tx beam. As shown in Fig. 1, when Tx/Rx beam correspondences at TRP and UE hold, one PRACH resource is associated with a TRP Tx beam as well as TRP Rx beam. Hence, what the UE needs is to select one PRACH resource and send the PRACH preamble based on the DL beam measurement (In Fig. 1, TRP Tx beam#2 is the best for the UE). Then, TRP can acknowledge the best TRP Tx/Rx beam for the UE based on the detected PRACH resource.
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Figure 1 – Case when Tx/Rx beam correspondences at TRP and UE hold.
When Tx/Rx beam correspondence holds only at TRP and doesn’t hold at UE, in order to perform UE Tx beam sweeping, a subset of RACH resources (multiple RACH resources) needs to be associated with a TRP Tx beam (Fig. 2). The UE selects the subset of PRACH resources corresponding to the best Tx TRP beam for the UE and transmits multiple PRACH preambles in the subset using different UE Tx beams. Then, TRP can acknowledge the best TRP Tx/Rx beam for the UE and UE Tx beam for the TRP (UE Tx beam#1 or #2 in Fig. 2) based on the detected PRACH resource. The TRP informs the UE of the best UE Tx beam or a PRACH resource for which the TRP can detect PRACH preamble. If the best Tx beam is included in the RAR, the UE Tx beamforming can be applied to Message 3 and onward at the earliest. However, as the TRP doesn’t know whether or not Tx/Rx beam correspondence holds at UE, an indication of the best Tx beam for the UE may be useless when the TX/ Rx beam correspondence holds at UE. On the other hand, such an indication does no harms for the UE with Tx/Rx correspondence. 
Proposal 1: Consider the indication of the UE Tx beam via RAR.
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Figure 2 – Case when Tx/Rx beam correspondence only at TRP holds (UE Tx beam-sweeping is performed). 
On the other hand, when Tx/Rx beam correspondence holds only at UE and doesn’t hold at TRP, in order to perform TRP Rx beam sweeping, a subset of RACH resources (multiple RACH resources) needs to be associated with a TRP Tx beam (Fig. 3). The UE selects the subset of PRACH resources corresponding to the best Tx TRP beam for the UE and transmits multiple PRACH preambles in the subset. For the UE Tx beam-forming, since the Tx/Rx correspondence holds at UE and the best UE Rx beam is measured through DL beam measurement, the best UE Tx beam is available for multiple PRACH preambles. Then, TRP can acknowledge the best TRP Rx beam through Rx beam sweeping and TRP Tx beam based on the detected PRACH resource.
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Figure 3 – Case when Tx/Rx beam correspondence only at UE holds. 
(UL Rx beam-sweeping is performed)
Finally, when Tx/Rx beam correspondence doesn’t hold at both TRP and UE, in order to perform UE Tx beam sweeping and TRP Rx beam sweeping, a subset of RACH resources needs to be associated with a TRP Tx beam (Fig. 4). The UE selects the subset of PRACH resources corresponding to the best Tx TRP beam for the UE and repeatedly transmits multiple PRACH preambles in the subset using different UE Tx beams. Then, TRP can acknowledge the best TRP Rx beam for the UE and the best UE Tx beam through the beam sweeping at TRP and best TRP Tx beam based on the detected PRACH resource.
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Figure 4 – Case when Tx/Rx beam correspondence at TRP and UE doesn’t hold.

(UE Tx and TRP Rx beam-sweeping is performed)
3. Power Ramping

The UL transmit power control for PRACH preamble is basically left to RAN2 discussion. However, as there are new aspects of multi-beam operations when considering the PRACH power control, it would be helpful if RAN1 could provide some recommendations. In LTE, transmit power of the RACH preamble is determined as follows [2].
	set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;


We consider that similar power ramping mechanism is still needed for NR PRACH preamble when retransmission happens. Such a power ramping can reduce the random access procedure. In addition, as agreed and discussed in Sect. 2, in NR, UE Tx beam-forming and TRP Rx beam-forming have impact on the reception quality of RACH preamble. For example, if the UE Tx beam and TRP Rx beam are appropriately chosen, it is natural to keep the same beam indices when the retransmission of PRACH preamble happens. However, there may be error cases where the RACH reception fails due to wrong selection of the beams or loss in beam-tracking. It would be worth investigating whether or how to take into account such beam operations for power ramping for the RACH preamble. For example, after several attempts of PRACH transmissions with power ramping, different beam index is used for further retransmission as shown in Fig. 5(a). The reselection of the beam index would be beneficial to avoid the above error cases. Another approach is to increment the number of PRACH preambles with different beam indices as shown in Fig. 5(b). This approach is similar to the repetition for eMTC and may be better than the first approach. In summary, the mechanism to minimize the random access procedure for multi-beam operation should be further studied.
Proposal 2: Power ramping for PRACH preamble transmission is supported in NR. If agreeable, inform RAN2 of the decision.
Proposal 3: Beam selection should be studied in the context of power ramping for the PRACH preamble (re)transmission. 
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(a) Different beam is selected for retransmission.
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(b) Number of PRACH preamble is increased for retransmission.

Figure 5 – Examples of power ramping for multi-beam operations.
4. Conclusion
In this contribution, we presented the remaining issues on random access procedures when multi-beam operation is considered. Regarding the procedure, we made the following proposals.
Proposal 1: Consider the indication of the UE Tx beam via RAR.
We also discussed the aspects of power ramping of the PRACH preamble (re)transmission and drew the following proposals.

Proposal 2: Power ramping for PRACH preamble transmission is supported in NR. If agreeable, inform RAN2 of the decision.

Proposal 3: Beam selection should be studied in the context of power ramping for the PRACH preamble (re)transmission. 
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