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1. Introduction
Both 4-step and 2-step RACH for NR-U were discussed during the NR-U Study Item. Since 2-step RACH is a separate Rel-16 WI for NR in general, here we focus on 4-step RACH.

The following agreements were made for 4-step RACH during the Study Item (shortened and paraphrased for space):

· Additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain:  
· The additional opportunities for 4-step RACH will be applicable to both msg1 and msg3.
· NR-U will support contention-free RACH (CFRA) and CBRA for 4-step RACH. 
· On SCells, CFRA is supported as a baseline while both CBRA and CFRA are supported on SpCells.
· A single RACH procedure will be used and thus multiple RACH procedures in parallel will not be supported for NR-U.
· As a baseline, the random-access response to msg1 will be on SpCell and msg3 is assumed to use a predetermined HARQ ID.
· In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. 
· ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.

· It is assumed that ra-ContentionResolutionTimer may need to be extended with larger values to overcome the LBT impact.

The NR-U WID [1] lists the following objective for NR-U RACH which has RAN2 responsibility:
Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2);

In this contribution, we discuss possible enhancements to RACH for NR-U considering Rel-15 NR as baseline and NR-U Study Item conclusions.
2. Discussion
In Rel-15 NR, for a given SSB, multiple opportunities for PRACH in time domain are already possible in Rel-15 and an SSB can be associated with up to 8 RACH time occasions. RAN1 is working on PRACH design for NR-U and also discussing the association between RS and RACH occasions, including additional (than Rel-15 NR) in time and frequency domain. Since this in the realm of PHY design, RAN2 does not need to discuss such details and instead focus on the impact of additional opportunities at the MAC layer.

Observation 1: Multiple opportunities for msg1 is already supported in Rel-15. Further enhancements are being studied by RAN1 and within their responsibility. RAN2 can focus on MAC aspects.

In Rel-15 NR, RACH resource selection is done by MAC which provides a preamble and a RACH occasion to PHY. Even with additional RACH resources and LBT impact, this mechanism can work as before and should be the basis for NR-U.

Proposal 1: MAC should provide a preamble index and one PRACH to PHY layer as in NR. 

One important question is how to react when the msg1 transmission fails due to LBT. RAN2 and RAN1 both agreed during the Study Item that power ramping should not be applied in this case. This requires that an LBT failure indication from PHY to MAC is necessary. Based on this indication, the MAC layer can choose another preamble and/or PRACH and provide to PHY.

Proposal 2: If LBT fails for msg1, PHY informs MAC which in turn can select a different preamble and/or different PRACH.

In Rel-15, RAR window starts after msg1 transmission and, when the timer is running, the UE monitors for RAR. There is no point in starting this timer if msg1 fails due to LBT since the gNB will not transmit a response.
Proposal 3: RAR window timer (ra-ResponseWindow) is started when  msg1 is transmitted after LBT success.
For msg3, it was also concluded during the Study Item that multiple opportunities are beneficial, again to increase the chances of transmission if LBT failures happen. 

Observation 2: Per NR-U Study Item conclusion, multiple opportunities in time and frequency domain for msg3 are beneficial for LBT diversity.

Proposal 4: Multiple opportunities for msg3 transmission should be provided by multiple grants in msg2.

We note that multiple grants can require different LBT attempts unless they are sufficiently close in time or they occupy different LBT bands. Even though multiple grants are feasible from MAC perspective, the interaction with LBT procedures should be analysed and confirmed by RAN1.
Observation 3: Multiple msg3 grants may require multiple LBTs, for example if the grants do not overlap in time or in different cells or sub-bands. 

Proposal 5: RAN2 to confirm with RAN1 on the feasibility and limitation of multiple msg3 grants considering LBT on different times and frequencies.

For RAR, transmission on SpCell as in NR was taken as a baseline. One difference in NR-U SA is that the transmissions on PCell is also subject to LBT and thus gNB may not get the channel on PCell for RAR transmission while this may be possible on another SCell. Therefore, there is benefit of diversifying RAR transmission across cells. 
Observation 3: Allowing RAR transmission on an SCell can enable the gNB to transmit the RAR on the first cell which gets access to the channel.

Proposal 6: RAR transmission on an SCell should be allowed. 

During the Study Item, it was concluded that power ramping is not applied when msg1 fails due to LBT since increasing power will not have any positive effect on transmission success.  
Observation 4: It was concluded in the NR-U Study Item that “ In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure”.
However, RAN2 didn’t conclude on how to model this at MAC layer. Unlike LTE, NR uses two counters for msg1 transmission, one for power and one for transmission. It seems very natural not to increment the first one when LBT failure happens.
Observation 5: NR already uses two separate counters for transmission and power ramping and it is sufficient not to increase the second one due to LBT failure for power ramping.

Proposal 7: When msg1 is not transmitted due to LBT failure, PREAMBLE_POWER_RAMPING_COUNTER is not incremented.
The other msg1 counter PREAMBLE_TRANSMISSION_COUNTER controls declaring RACH failure when the number of msg1 attempts exceed a threshold. Then the question is whether it should be incremented if msg1 can’t be transmitted due to LBT failure. If incremented, RACH failures will be reported to upper layers during high congestion times upon which the UE will perform cell selection. If not incremented, RACH failure may never happen during such times. Both are not desirable. If RAN2 agrees to handle persistent LBT failures on uplink in a unified framework as suggested by several contributions during the Study Item, the second option can work. If not, the first option is preferable. Therefore, the discussion on msg1 and LBT failures should happen within the framework of handling persistent LBT failures on uplink.
Observation 6: Incrementing PREAMBLE_TRANSMISSION_COUNTER when msg1 is not transmitted can lead to early RACH failure indication to upper layers.

Proposal 8: RAN2 should discuss PREAMBLE_TRANSMISSION_COUNTER in the general framework of the management of recurrent LBT failures on uplink. 

Another issue for RAR reception is that RAR may be delayed due to LBT failures on the downlink. It was observed during the Study Item by both RAN1 and RAN2 that larger window sizes than the current maximum limit of 10ms may be necessary.

Observation 7: It was concluded in the NR-U Study Item 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 improve robustness to DL LBT failure for RAR transmission.”

The value of ra-ResponseWindow is configured in slots and a maximum of 180 slots is allowed even though the specification also limits the upper limit to 10ms. Therefore, the signalling can already provide larger values, and all is needed is to have a new maximum limit in the field description for NR-U. Even though RAN1 has not finalized SCS options for NR-U, above 60khz will not be supported for the currently considered bands.
Observation 8: RRC signaling for ra-ResponseWindow already supports up to 180 slots which can go beyond the current 10ms limitation. Since NR-U will not use slot lengths smaller than 0.25ms (SCS = 60khz), this will allow up to 45ms for the ra-ResponseWindow.
Proposal 9: Define a new maximum limit X > 10ms in the field description of ra-ResponseWindow for NR-U.
In NR, the contention resolution timer is started when msg3 is transmitted. It is reasonable to adopt the same for NR-U. However, in NR-U, msg3 may not be transmitted due to LBT failure in which case the timer never starts. The gNB can give a new grant for msg3 when it realizes that msg3 transmission did not happen at the scheduled grant. Assuming that multiple grants for msg3 as proposed above is agreed, then the UE should start the timer at the last possible occasion where msg3 can be transmitted.  
Observation 9: In NR, the contention resolution timer is started when msg3 is transmitted. In NR-U, the transmission may never happen due to LBT failure in which case the contention resolution will never fail.

Proposal 10:  The UE should start the ra-ContentionResolutionTimer when msg3 is transmitted or at the last possible transmission occasion when it fails due to LBT . 
3. Conclusion

In this contribution, we discussed RLM for NR-U and observe and propose the following:
Observation 1: Multiple opportunities for msg1 is already supported in Rel-15. Further enhancements are being studied by RAN1 and within their responsibility. RAN2 can focus on MAC aspects.

Proposal 1: MAC should provide a preamble index and one PRACH to PHY layer as in NR. 

Proposal 2: If LBT fails for msg1, PHY informs MAC which in turn can select a different preamble and/or different PRACH.

Proposal 3: RAR window timer (ra-ResponseWindow) is started when  msg1 is transmitted after LBT success.
Observation 2: Per NR-U Study Item conclusion, multiple opportunities in time and frequency domain for msg3 are beneficial for LBT diversity.

Observation 3: Multiple msg3 grants may require multiple LBTs, for example if the grants do not overlap in time or in different cells or sub-bands. 

Proposal 4: Multiple opportunities for msg3 transmission should be provided by multiple grants in msg2.

Proposal 5: RAN2 to confirm with RAN1 on the feasibility and limitation of multiple msg3 grants considering LBT on different times and frequencies .

Observation 3: Allowing RAR transmission on an SCell can enable the gNB to transmit the RAR on the first cell which gets access to the channel.

Proposal 6: RAR transmission on an SCell should be allowed. 

Observation 4: It was concluded in the NR-U Study Item that “ In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure”.

Observation 5: NR already uses two separate counters for transmission and power ramping and it is sufficient not to increase the second one due to LBT failure for power ramping.

Proposal 7: When msg1 is not transmitted due to LBT failure, PREAMBLE_POWER_RAMPING_COUNTER is not incremented.
Observation 6: Incrementing PREAMBLE_TRANSMISSION_COUNTER when msg1 is not transmitted can lead to early RACH failure indication to upper layers.

Proposal 8: RAN2 should discuss PREAMBLE_TRANSMISSION_COUNTER in the general framework of the management of recurrent LBT failures on uplink. 

Observation 7: It was concluded in the NR-U Study Item 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 improve robustness to DL LBT failure for RAR transmission.”
Observation 8: RRC signaling for ra-ResponseWindow already supports up to 180 slots which can go beyond the current 10ms limitation. Since NR-U will not use slot lengths smaller than 0.25ms (SCS = 60khz), this will allow up to 45ms for the ra-ResponseWindow.
Proposal 9: Define a new maximum limit X > 10ms in the field description of ra-ResponseWindow for NR-U.
Observation 9: In NR, the contention resolution timer is started when msg3 is transmitted. In NR-U, the transmission may never happen due to LBT failure in which case the contention resolution will never fail.

Proposal 10:  The UE should start the ra-ContentionResolutionTimer when msg3 is transmitted or at the last possible transmission occasion when it fails due to LBT . 
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