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1      Introduction
There are several aspects of random access procedure in NR that pertain to operation in multi-beam scenario and are highly dependent on RAN1 progress. In this contribution, we discuss some of these issues from RAN2’s point of view.
2      Discussion
Msg1 Transmission
The following agreement was made in RAN1#88bis regarding the random access procedure:
	· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling

· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam


The association mentioned above will assist the gNB to determine the best DL beam to use for msg 2 transmission to the UE. The question then arises on which UL beam the UE should use to transmit msg1. Based on the received SS TX beam, the UE can determine its best RX beam. If there is full TX/RX correspondence at the UE, the best UE RX beam is also the best UE TX beam for Msg1. On the other hand, if there is no full TX/RX correspondence at the UE, the UE may have to pick from one of the TX beams associated with the best RX beam. Basically, the UE may reattempt transmission using a different TX beam. However, this will result in a very long delay. This is still currently being discussed in RAN 1 as to what can be done to reduce such random access latency (e.g. allowing the UE to perform Msg1 transmission on different TX beam within a RACH occasion), and RAN 2 should wait for the outcome from RAN 1.

Proposal 1: As baseline, UE selects the TX beam for Msg1 based on the best RX beam for receiving the SS block with TX/RX correspondence at the UE. For the case where TX/RX correspondence is not available, RAN 2 should wait for RAN 1 as RAN 1 is still discussing whether any further optimization is needed, at least for the contention-free case.
With a UE TX beam selected and preamble chosen from the partition of the PRACH resources corresponding to the best received SS TX beam, the Msg1 is transmitted with initial power based on the pathloss calculation like in LTE (but based on the difference between the SS TX beam power and the received SS TX beam signal strength). Additionally, if service dependent RACH parameter configuration is supported in NR, it will also come into play here. We discuss service based RACH configuration aspects in our companion contribution [1].
Power Ramping

If the best RX beam changes during Msg1 transmission and no RAR is received at the end of RAR window, the UE can switch the UE TX beam if it detects that the TX beam has changed. This raises the issue of how power ramping is performed in this scenario. Below is the RAN1 agreement on power ramping from the last meeting:
	· For NR RACH Msg. 1 retransmission at least for multi-beam operation:

· NR supports power ramping. 

· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 

· Alt 1: the counter of power ramping is re-set.

· Alt 2: the counter of power ramping remains unchanged.

· Alt 3: the counter of power ramping keeps increasing. 

· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· Other alternatives or combinations of the above are not precluded.

· If UE doesn’t change beam, the counter of power ramping keeps increasing.

· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.

· The detail of power ramping step size is FFS.

· Whether UE performs UL Beam switching during retransmissions is up to UE implementation

· Note: which beam UE switches to is up to UE implementation


This seems to be quite a controversial issue and whether the PRACH attempt counter is incremented, unchanged or reset will ultimately be based on the power ramping option taken in RAN 1:

Observation 1: Whether the PRACH attempt counter should be incremented, unchanged or reset between msg1 retransmissions depends on the decision for power ramping in RAN 1.
Considerations on beam selection
The gNB receives Msg1 from a particular RX beam and the PRACH resource that the Msg1 is detected on provides information on the corresponding gNB TX beam to send the RAR. If TX/RX reciprocity is not available, there is a possibility that the gNB may receive the same Msg1 from different RX beam. As baseline, RAN 1 agrees that gNB at least supports transmission of a single Msg2 before the end of a monitored RAR window, but is still discussing whether the gNB will respond with multiple RARs. If gNB responds with multiple RARs, there is a need to discuss how the gNB transmits the multiple RARs and how the UE selects among the RARs and the solutions in [2] can be discussed.
The contents of the RAR can be same or similar to LTE. Further contents may be needed depending on, e.g. assisting the UE to select the TX beam if Msg1 transmission on different TX beam can occur within a RACH occasion, assisting the UEs to select the appropriate RAR if multiple RARs are possible due to no TX/RX correspondence at the gNB, etc.

Proposal 2: If TX/RX reciprocity is available at the gNB and UE, UE should expect reception of only 1 RAR for the selected preamble in a RAR window. It is FFS whether the UE may expect multiple RARs within a RAR window due to TX/RX reciprocity not available at the gNB and/or UE.
Like in LTE, the UL grant of the Msg3 transmission is contained in the RAR. Adaptive and asynchronous HARQ should follow for Msg3 retransmission. In the case where TX/RX correspondence is not available at the UE and the UE performs repeated RA procedure in a RACH occasion, the UE TX beam for Msg3 has to depend on the assistance of Msg2 RAR. This is yet to be discussed in RAN 1. Otherwise, the UE TX beam for Msg3 should be based on the TX beam of Msg1. 
The Msg4 DL TX beam is most likely that of Msg2. However, if there is any change needed on the gNB TX beam for Msg4 to the UE, gNB can base it on gNB RX beam of the Msg3 itself to adjust its gNB TX beam for Msg4. There is no need for additional information in Msg3.
Proposal 3: The transmission of Msg3 should follow the UL grant in RAR of Msg2 (in terms of time and frequency domain resource allocation) like in LTE. 
Proposal 4: The TX beam of Msg3 should at least follow Msg1. Whether Msg2 RAR contains assistance information of the UE TX beam for Msg3 depends on whether RAN 1 allows multiple RA procedures within a RACH occasion.
Proposal 5: Like eMTC and NB-IoT, the Msg3 retransmission in NR should be based on adaptive and asynchronous HARQ. 
Proposal 6: There is no need for additional information in Msg3 to assist the gNB for adjusting the gNB TX beam for Msg4.
Contention Resolution
In case of contention based random access, LTE uses contention resolution based on Contention Resolution ID for both idle (initial access) and connected mode. This serves to resolve the collisions reliably and can be assumed as baseline for NR random access operation. 
Proposal 7:  Random access contention resolution should follow LTE (i.e. either C-RNTI PDCCH or echo back the first x-bits in Msg3 in Contention Resolution ID MAC CE) with MAC contention resolution timer. In LTE, x is 48 bits.
3      Conclusion
Observation 1: Whether the PRACH attempt counter should be incremented, unchanged or reset between msg1 retransmissions depends on the options for power ramping in RAN 1.
Proposal 1: As baseline, UE selects the TX beam for Msg1 based on the best RX beam for receiving the SS block with TX/RX correspondence at the UE. For the case where TX/RX correspondence is not available, RAN 2 should wait for RAN 1 as RAN 1 is still discussing whether any further optimization is needed, at least for the contention-free case.
Proposal 2: If TX/RX reciprocity is available at the gNB and UE, UE should expect reception of only 1 RAR for the selected preamble in a RAR window. It is FFS whether the UE may expect multiple RARs within a RAR window due to TX/RX reciprocity not available at the gNB and/or UE.
Proposal 3: The transmission of Msg3 should follow the UL grant in RAR of Msg2 (in terms of time and frequency domain resource allocation) like in LTE. 
Proposal 4: The TX beam of Msg3 should at least follow Msg1. Whether Msg2 RAR contains assistance information of the UE TX beam for Msg3 depends on whether RAN 1 allows multiple RA procedures within a RACH occasion.
Proposal 5: Like eMTC and NB-IoT, the Msg3 retransmission in NR should be based on adaptive and asynchronous HARQ. 
Proposal 6: There is no need for additional information in Msg3 to assist the gNB for adjusting the gNB TX beam for Msg4.
Proposal 7:  Random access contention resolution should follow LTE (i.e. either C-RNTI PDCCH or echo back the first x-bits in Msg3 in Contention Resolution ID MAC CE) with MAC contention resolution timer. In LTE, x is 48 bits.
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