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1 Introduction

In RAN2#102 meeting, there was some discussion on RACH procedure for NR-U and several agreements were achieved [1]. 
Agreements

1:
Both CBRA and CFRA are supported. Changes for NR-U operation will be studied

2:
4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3: 
We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U
In last AH meeting, whether to study 2-step RACH for NR-U was discussed again and RAN2 agreed that both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied. In this contribution, we would like to provide some considerations on how to support 2-step RACH procedure for NR-U and give corresponding proposals. 
2 Discussion
RAN2 already agreed to both CBRA and CFRA are supported for NR-U. For 4-step CBRA, since there may be Rel-15 UE camped in NR-U, 4-step CBRA should be supported. In 4-step CBRA, currently there are in total four steps including preamble transmission, RAR reception, Msg3 transmission and contention resolution. To perform a 4-step CBRA procedure on NR-based unlicensed cell, before each step as mentioned above, either a DL LBT or UL LBT is required as shown in Figure 1. Compared with 4-step CBRA procedure on licensed cell, additional latency is introduced due to the LBT procedure. Moreover, multiple LBT failures may result in RACH failure which is a waste of PRACH resource. Therefore, when designing the CBRA mechanism on NR-based unlicensed cell, LBT latency needs to be taken into consideration and some enhancements may be needed to improve the efficiency. 
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Figure 1 4-step RACH procedure
There are some proposed solutions to relieve the LBT impact on 4-step CBRA e.g, two-step RACH as shown in Figure 2.
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Figure 2: 2-step RACH procedure

2.1 Use cases and scenarios

As for the use cases and scenarios applicable for the 2-step RACH procedure, since this approach is to relieve the LBT impact and reduce the latency, then in principle it could be used in all scenarios applicable for the 4-step CBRA. In licensed cell, 4-step CBRA can be applied in IDLE mode, INACTIVE mode and CONNECTED mode. The 4-step CBRA can be triggered by a number of events, for instance:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;
-
Handover;

-
DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

-
Transition from RRC_INACTIVE;

-
Request for Other SI;

-
Beam failure recovery.

Therefore at the first stage, for 2-step RACH, it is proposed to be supported in the following cases/scenarios.

Proposal 1: The 2-step CBRA is triggered by a number of events agreed for 4-step CBRA:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;
-
Handover;

-
DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

-
Transition from RRC_INACTIVE;

-
Request for Other SI;

-
 Beam failure recovery
However, even though 2-step RACH in order to leave more control to the gNB when allocating PRACH preamble resources, it makes sense to introduce some mechanisms to restrict the usage of 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc), which was also discussed and agreed during the NR SI [2]. Since the gNB is able to limit the scenarios/use cases for 2-step RACH, the most straightforward method is to allow the gNB to optionally configure the 2-step RACH resources.

Proposal 2: Network can restrict the usage of 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc).
Proposal 3: The 2-step RACH resources are optionally configured by the network. 
2.3 2-step RACH procedure
Based on the configured 2-step RACH resource, the UE should transmit the random access preamble and data as well as UE ID in 2-step Msg1, then if the UE ID is correctly decoded by the gNB, a response for 2-step Msg1 is transmitted to inform this specific UE during a configurable window similar as ra-Responsewindow in 4-step CBRA. Hence, the 2-step RACH approach consequently reduce the latency of the RACH procedure as the transmission steps as well as LBT procedures are shortened. If the UE has not received the corresponding response, the UE may needs to perform the retransmission of Msg1 in 2-step RACH.

Proposal 4: As a baseline, RAN2 assumes Msg1 includes preamble, data and UE ID for 2-step RA procedure. FFS the details of UE ID.

Proposal 5: After preamble transmission, the UE is expected to receive a response during a configured window. FFS the detailed design of the response.
2.4 Distinguish preambles for 2-step and 4-step RACH
In NR, similar as in LTE, there are 64 preambles in total and they are divided into 4-step CBRA preambles and dedicated preambles. One difference from LTE mechanism is that in NR the preambles are configured per SSB not per cell. In LTE and NR, there were several previous discussions to further partition the preambles to convey additional information to the eNB. However, given that additional preamble partitioning means increased collision probability, none of these optimizations were approved.  

In NR-U, as we agreed to use NR licensed as a baseline, similar approach could be adopted. In addition, if we would like to support 2-step RACH, then some additional mechanisms need to be introduced to assist the eNB to distinguish whether the received preamble is for 4-step RACH or 2-step RACH.  
This is because it is possible that gNB may fail when decoding the data part of Msg1 but corresponding preamble is correctly decoded as data is transmitted on the data resources which may be associated with one or multiple PRACH preambles. In this case, the gNB may take this preamble as the first step of a legacy 4-step RACH procedure while the UE is actually performing a 2-step RACH. Therefore, there may be some misunderstanding between the gNB and the UE since the gNB may reply a legacy RAR which applies to 4-step RACH but the UE expects a “new” RAR which is for 2-step RACH. Therefore, some enhancement is needed in order to support 2-step RACH, e.g., further partition of transmission preambles as shown in Figure 3 or separate transmission time/frequency resource. The technique feasibility and solutions need to be further discussed together with RAN1. 
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Figure 3: further preamble partition to support 2-step RACH
Proposal 6: FFS how to assist the gNB to distinguish between preambles for 4-step RACH and 2-step RACH. Details should be discussed together with RAN1. 
3 Conclusion

In this contribution, we discuss about some details related to 2-step RACH and we have the following observations and proposal. 
Proposal 1: The 2-step CBRA is triggered by a number of events agreed for 4-step CBRA:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;
-
Handover;

-
DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

-
Transition from RRC_INACTIVE;

-
Request for Other SI;

-
 Beam failure recovery
Proposal 2: Network can restrict the usage of 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc).
Proposal 3: The 2-step RACH resources are optionally configured by the network. 

Proposal 4: As a baseline, RAN2 assumes Msg1 includes preamble, data and UE ID for 2-step RA procedure. FFS the details of UE ID.

Proposal 5: After preamble transmission, the UE is expected to receive a RAR during a configured window. FFS the detailed design of RAR.
Proposal 6: FFS how to assist the gNB to distinguish between preambles for 4-step RACH and 2-step RACH. Details should be discussed together with RAN1. 
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