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1. Introduction
At RAN2#103, RAN2 has discussed on how to enhance 4-step RACH procedure to overcome the reduced RACH opportunities due to LBT, and made below agreements
R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.
Will study the model of single-RACH procedure. FFS multiple parallel procedure model 
Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer

In this paper, we discuss the potential enhancements by additional opportunities. In another company paper, we discuss how to handle the impact of LBT failures on RA counters and timers. The discussions are in a more general sense, meaning that proposed solutions are applicable to both 4-Step RACH and 2-Step RACH.
1. [bookmark: _Ref525831656]Discussions
1. Guidelines for RACH enhancements
The legacy RACH procedure has been well defined in NR licensed. Therefore, we think NR-U need to reuse the existing RACH procedure as much as possible to limit the additional standardization efforts.
1. [bookmark: _Toc525731479][bookmark: _Toc525734544][bookmark: _Toc525735632][bookmark: _Toc525807645][bookmark: _Toc525831485][bookmark: _Toc525831633][bookmark: _Toc525831681][bookmark: _Toc525831715][bookmark: _Toc525831762]RAN2 should reuse the existing RACH procedures (NR licensed) for NR-U as the baseline.
1. RACH enhancements to combat LBT failures
The number of RA procedures
Given the fact that the UE and the gNB has to perform listen before talk (LBT) prior to any transmission during a RACH procedure, companies have expressed a concern that a LBT at the PHY layer may lead to failure for the corresponding RACH precure. Then, the UE may need to retransmit the PRACH preamble leading to additional latency for UP data transfer. Therefore, RAN2 has made agreements to study enhancements by additional RA opportunities. The additional opportunities can be implemented in multiple parallel RACH procedures. 
In the existing NR MAC spec in Rel-15, a UE can only initiate one RACH procedure at a time. In case a new RACH event is triggered while there is another RA on-going, it is up to UE implementation to decide to continue with the ongoing RA or start a new procedure. The detailed specification is highlighted as below:
If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).
1. [bookmark: _Toc525731469][bookmark: _Toc525734084][bookmark: _Toc525735627][bookmark: _Toc525831628][bookmark: _Toc525831676][bookmark: _Toc525831710][bookmark: _Toc525831757]Multiple parallel RACH procedures are not supported in NR licensed.
At RAN2#103, the solution with multiple RACH procedures have been discussed by RAN2. As described in [1], the UE performs multiple RACH procedures in parallel on the different frequency or time domains. The UE transmits one or more RA preambles by using multiple PRACH occasions on the different frequency or time resources. Depending on the results of LBT for each step, the UE separately performs one or more RACH procedures based on the transmitted preambles. 
It is clearly that multiple RACH procedures can provide additional transmission opportunities for a RA event. However, it would also consume more RA resources. It is not preferred especially when there is high RA load in the cell. Meanwhile, the UE MAC has to maintain multiple sets of RA counters and timers in parallel. Each set of counters and timers serve one RA procedure. It increases the operational complexity for the MAC layer
1. [bookmark: _Toc525734085][bookmark: _Toc525735628][bookmark: _Toc525831629][bookmark: _Toc525831677][bookmark: _Toc525831711][bookmark: _Toc525831758]Multiple parallel RACH procedures waste RA resources and lead to RA congestion. Meanwhile, the operational complexity of the MAC layer is also increased.
1. [bookmark: _Toc525734545][bookmark: _Toc525735633][bookmark: _Toc525807646][bookmark: _Toc525831486][bookmark: _Toc525831634][bookmark: _Toc525831682][bookmark: _Toc525831716][bookmark: _Toc525831763]As in LTE LAA and NR licensed, a single RACH procedure is maintained by the MAC entity.

1. Channel-occupancy aware RA
In LTE eLAA/feLAA, a UE supports measurements of averaged RSSI and channel occupancy for measurement reports. The channel occupancy is defined as percentage of time that RSSI was measured above a configured threshold. The RSSI measurements together with the time information concerning when and how long time that UEs have made the measurements can assist the gNB/eNB to detect the hidden node.
1. [bookmark: _Toc525731470][bookmark: _Toc525734086][bookmark: _Toc525735629][bookmark: _Toc525831630][bookmark: _Toc525831678][bookmark: _Toc525831712][bookmark: _Toc525831759]Channel occupancy measurements are beneficial for the gNB to achieve a load balanced channel access and reduce the channel access collisions.
We think the system congestion is the root cause for a LBT failure. If the UE can select the cell/BWP/channel with lowest congestion/load, the UE would then have highest probability to make a successful LBT. This observation is valid in general, not only in the context of random access, but also for data transmission. Therefore, in the context of random access, RAN2 shall study the channel-occupancy aware RACH procedure as one of key solutions to overcome the LBT failure. For example, RAN2 could study conditions, such as the channel occupancy level, under which the UE can initiate RACH in a certain cell.
Therefore, we make the below proposal:
1. [bookmark: _Toc525731480][bookmark: _Toc525734546][bookmark: _Toc525735634][bookmark: _Toc525807647][bookmark: _Toc525831487][bookmark: _Toc525831635][bookmark: _Toc525831683][bookmark: _Toc525831717][bookmark: _Toc525831764]RAN2 should study channel occupancy aware RACH procedure as one of the key solutions for NR-U RACH enhancements to overcome the LBT failures.
1. Additional RA opportunities
In NR licensed, both CBRA and CFRA are supported in the primary cell. It is only CFRA allowed in an SCell. In addition, a RAR message is only transmitted in the primary cell. It is mainly due to the restriction of PDCCH search space. The common PDCCH search space (CSS) is only configured in the primary cell.
1. [bookmark: _Toc525735630][bookmark: _Toc525831631][bookmark: _Toc525831679][bookmark: _Toc525831713][bookmark: _Toc525831760]In NR licensed, it is only CFRA allowed in an SCell.
1. [bookmark: _Toc525735631][bookmark: _Toc525831632][bookmark: _Toc525831680][bookmark: _Toc525831714][bookmark: _Toc525831761]In NR licensed, the RAR transmission is limited in the primary cell.
However, in NR-U, it is beneficial to allow the UE to transmit a RA (both CBRA and CFRA) on any active serving cell to gain additional RA opportunities.  Allowing a UE to perform CBRA on an SCell is motivated by several aspects.  One example is a PUCCH SR failure may be triggered by LBT failure in one serving cell. In this case, the UE has reached the maximum PUCCH SR attempts while the UE has not received UL grant. In NR-U, it may be more often for a UE to occur PUCCH-SR failures due to LBT failure, meaning that it may be more often to trigger RA-SRs than in NR licensed cells. Therefore, it is reasonable for the UE to transmit a CBRA on SCells to gain more RA opportunities. Another example is a CFRA triggered by a PDCCH order may be blocked by LBT failures in an SCell so that the UE misses the scheduled RA occasion. It would be helpful if the UE is allowed to fallback to CBRA in the same or in a different SCell. The UE then has more chances for that RA to get through. Yet another example is in case the UE fails to transmit a CBRA BFR RA in the primary cell, the UE can send the RA in other serving cell to achieve a fast recovery for the beam failure. In order to do this, the PRACH configuration/resources need to be configured for every serving cell (or optionally a subset of serving cells). 
Whenever an RA is triggered, the UE may perform LBT on multiple serving cells in parallel and select a cell with a successful LBT to transmit Msg1. It seems also reasonable to send the RAR in the same SCell in which the PRACH was sent earlier, since if the UE succeeded with LBT for the PRACH in that SCell, very likely the same SCell can offer good performances also for the RAR. Similar considerations apply to the following random access messages, such as Msg3 and Msg4. This would also limit the gNB/UE complexity to monitor the different random access messages in different cells. Of course, it should be also possible for the gNB to configure the UE such that the RAR is transmitted and the msg4 are transmitted in the PCell as in legacy NR.
1. [bookmark: _Toc525731481][bookmark: _Toc525734547][bookmark: _Toc525735635][bookmark: _Toc525807648][bookmark: _Toc525831488][bookmark: _Toc525831636][bookmark: _Toc525831684][bookmark: _Toc525831718][bookmark: _Toc525831765]NR-U allows the UE to select any serving cell configured with PRACH resources to transmit a Msg1 (or MsgA in 2-step RACH) (both CBRA and CFRA). 
1. [bookmark: _Toc525731482][bookmark: _Toc525734548][bookmark: _Toc525735636][bookmark: _Toc525807649][bookmark: _Toc525831489][bookmark: _Toc525831637][bookmark: _Toc525831685][bookmark: _Toc525831719][bookmark: _Toc525831766]The gNB can configure the UE such that the whole RA procedure is completed in the same serving cell where the Msg1 (or MsgA in 2-step RACH) is transmitted.
1. [bookmark: _Toc525731483][bookmark: _Toc525734549][bookmark: _Toc525735637][bookmark: _Toc525807650][bookmark: _Toc525831490][bookmark: _Toc525831638][bookmark: _Toc525831686][bookmark: _Toc525831720][bookmark: _Toc525831767]For Msg1 (or MsgA in 2-step RACH) transmitted on an SCell, the gNB can configure the UE such that RAR and Msg4 (or MsgB in 2-step RACH) transmission are performed in the PCell, as in legacy NR.
1. [bookmark: _Toc525831491][bookmark: _Toc525831639][bookmark: _Toc525831687][bookmark: _Toc525831721][bookmark: _Toc525831768]Text in the appendix is incorporated into the 38.889 technical report. 
1. [bookmark: _Toc525731471]Conclusion
In section 2 we made the following observations:
Observation 1	Multiple parallel RACH procedures are not supported in NR licensed.
Observation 2	Multiple parallel RACH procedures waste RA resources and lead to RA congestion. Meanwhile, the operational complexity of the MAC layer is also increased.
Observation 3	Channel occupancy measurements are beneficial for the gNB to achieve a load balanced channel access and reduce the channel access collisions.
Observation 4	In NR licensed, it is only CFRA allowed in an SCell.
Observation 5	In NR licensed, the RAR transmission is limited in the primary cell.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should reuse the existing RACH procedures (NR licensed) for NR-U as the baseline.
Proposal 2	As in LTE LAA and NR licensed, a single RACH procedure is maintained by the MAC entity.
Proposal 3	RAN2 should study channel occupancy aware RACH procedure as one of the key solutions for NR-U RACH enhancements to overcome the LBT failures.
Proposal 4	NR-U allows the UE to select any serving cell configured with PRACH resources to transmit a Msg1 (or MsgA in 2-step RACH) (both CBRA and CFRA).
Proposal 5	The gNB can configure the UE such that the whole RA procedure is completed in the same serving cell where the Msg1 (or MsgA in 2-step RACH) is transmitted.
Proposal 6	For Msg1 (or MsgA in 2-step RACH) transmitted on an SCell, the gNB can configure the UE such that RAR and Msg4 (or MsgB in 2-step RACH) transmission are performed in the PCell, as in legacy NR.
Proposal 7	Text in the appendix is incorporated into the 38.889 technical report.
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Appendix: Text proposal on Random access procedure
7.2.2	Higher layer aspects
7.2.2.1	Random Access (RA)
Both Contention based RA (CBRA) and Contention free RA (CFRA) are supported. To overcome LBT failures, the PRACH preamble is allowed to transmit on any serving cell where the PRACH resources are configured.The gNB can configure the UE such that the whole RA procedure is completed in the same serving cell where the Msg1 (or MsgA in 2-step RACH) is transmitted. For Msg1 (or MsgA in 2-step RACH) transmitted on an SCell, the gNB can configure the UE such that RAR and Msg4 (or MsgB in 2-step RACH) transmission are performed in the PCell, as in legacy NR
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