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1. Introduction
RAN2 has made several agreements on RACH for NR-U. In this contribution, we discuss additional details for RACH.
2. Discussion
As agreed in RAN2#103, additional opportunities for RACH are beneficial to combat the LBT failures on a given resource and this was also confirmed for 2-step RACH in RAN2#103bis. These could be additional resources either in time domain or frequency domain.
For msg1, the configuration of resources is dependent on the physical layer structure of the msg1. Therefore, it is difficult for RAN2 to make additional progress on this before RAN1 finished msg1 design. This is true for both 2-step and 4-step procedure.
The RAR is transmitted on PDSCH for 4-step RACH and it should be the same for 2-step RACH. Since the monitoring of msg2 is linked to msg1 transmission, how additional opportunities are determined will also need to be considered along with msg1.
Observation 1: Further progress on additional opportunities for msg1 and msg2 for 4-step RACH and msgA for 2-step RACH will only be feasible after PRACH design details are completed.

For 4-step RACH, msg3 is scheduled by msg2 and multiple opportunities for msg3 can easily be generated by using multiple grants in msg2. This decision can be made by RAN2 as it does not depend on physical layer structure.
Proposal 1: Multiple opportunities for msg3 transmission can be provided by multiple grants in msg2.
For RAR transmission, RAN2 also agreed that “At the first stage, RAR can be transmitted via SpCell”. In NR licensed and LTE, it is sufficient to rely on SpCell since this cell is reliable (otherwise RLF will occur). In contrast, for stand-alone NR-U, the channel access on PCell may delay RAR transmission and using SCell could provide a faster response. However, this should not increase the downlink monitoring load at the UE and shouldn’t require the UE to monitor both PCell and SCell.
Proposal 2: RAR can be transmitted on the SCell where msg1/msgA is transmitted. This should be configured so that the UE monitors only one cell for RAR.
One of the motivations for 2-step RACH in particular for NR-U was that it will require less LBT by reducing the number of messages by multiplexing, at a high level, msg1/msg3 and msg2/msg4 together. Another step in this direction could be to multiplex msg2 to different users. The message itself could be addressed to RA-RNTI as in legacy RACH but the information can carry specific UE identifiers (e.g. C-RNTI or S-TMSI).
Proposal 3: For 2-step RACH, capture in the TR that multiplexing of msg2 responses to different users is beneficial.
In RAN2#103bis, it was agreed that power ramping is not applied when preamble is not transmitted due to LBT failure. However, it was left as FFS whether “PREAMBLE_TRANSMISSION_COUNTER should always be increased independently on the outcome of the LBT”. Since this counter also controls how the power is incremented, if it is always incremented with preamble transmission failure independent of LBT, a separate counter will be needed to control the power ramping. It is not clear if this provides any benefit. When the same issue was discussed during eLAA WI, the conclusion was not to increment the counter  and the same can be applied to NR-U. This applies to both 4-step and 2-step RACH.
Proposal 4: When msg1/msgA transmission is not successful due to LBT failure, PREAMBLE_TRANSMISSION_COUNTER (and equivalent for 2-step RACH) are not incremented.

The above requires that MAC should be informed of whether the transmission failure was due to LBT or not and therefore it is logical that an indication from the physical layer is needed.

Proposal 5: MAC is informed when msg1/msgA cannot be transmitted due to LBT failure.
RAN1 already agreed that and captured in the TR that “For msg 2 transmission in the 4-step RACH procedure, in some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to inprove robustness to DL LBT failure for RAR transmission.”. One question is when the RAR window timer should start, whether when msg1 is transmitted to physical layer or when its actual transmission happens. There is no point for the UE to monitor DL for msg2 if the msg1 was not transmitted. We note that similar discussions also happened for power ramping and SR transmission and the consensus in RAN2 seems to be that the MAC should in general be aware of LBT failure and start the timers when actual transmissions happen. 
Proposal 6: ra-ResponseWindow should start when msg1 is successfully transmitted.
For 2-step RACH, msgB size could be large and efficient scheduling requires that the gNB has better knowledge of downlink the channel quality. Therefore, providing feedback (e.g. CSI) is msgA would be beneficial.
Proposal 7: UE reporting of channel quality in msgA would be beneficial for efficient scheduling of msgB.
3. Conclusion
In this contribution, we discussed further details on RACH for NR-U and propose the following:
Observation 1: Further progress on additional opportunities for msg1 and msg2 for 4-step RACH will only be feasible after PRACH design details are completed.

Proposal 1: Multiple opportunities for msg3 transmission can be provided by multiple grants in msg2.
Proposal 2: RAR can be transmitted on the SCell where msg1/msgA is transmitted. This should be configured so that the UE monitors only one cell for RAR.

Proposal 3: For 2-step RACH, capture in the TR that multiplexing of msg2 responses to different users is beneficial.

Proposal 4: When msg1/msgA transmission is not successful due to LBT failure, PREAMBLE_TRANSMISSION_COUNTER (and equivalent for 2-step RACH) are not incremented.

Proposal 5: MAC is informed when msg1/msgA cannot be transmitted due to LBT failure.

Proposal 6: ra-ResponseWindow should start when msg1 is successfully transmitted.
Proposal 7: UE reporting of channel quality in msgA would be beneficial for efficient scheduling of msgB.
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