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1 Introduction

In RAN2#103bis meeting, there were some discussion on 2-step RACH procedure for NR-U and the following agreements were achieved [1]. And in RAN2 #104 meeting, these agreements were agreed to be added into TR38.889. Then in the RAN #82 plenary meeting, 2-step RACH was agreed to start WI phase.

	Agreements:
1. From RAN2 perspective, the first message in 2-step RACH is a signal to detect the UE and a payload while the second message is for contention resolution for CBRA with a possible payload.
2. As a baseline, all the triggers for 4-step RACH are also applicable to 2-step RACH with the following caveats: 1-) SI request, BFR cases need further study. 2-) How timing advance and grants are obtained for first message should be taken into account.
3. The first message for 2-step RACH will at least include the equivalent information which is transmitted in msg3 for 4-step RACH. RAN1 input will be needed for the payload size.
4. CFRA for 2-step RACH is supported.
5. Contention resolution in 2-step RACH will be done by including a UE identifier in the first message which is echoed in the second message. The type of UE identifier(s) is FFS.
6. Fall-back from 2-step RACH to 4-step RACH is supported. Doing this after msgA will need support from physical layer perspective.
7. Additional opportunities for RACH transmissions, e.g. in time or frequency domain, should be supported for 2-step RACH.
8. Assuming 2-step RACH is used for initial access, the parameters for 2-step RACH and a grant for msgA will be broadcasted.


RAN2 has already agreed both 2-step RACH and 4-step RACH for NR-U. Moreover, according to RAN#82 plenary meeting, a common design of 2-step RACH for both licensed and unlicensed spectrum is needed. In this contribution, we would like to provide some considerations on the procedure for the contention-based 2-step RACH.  
2 Discussion

For 2-step RACH, MsgA consists of legacy Msg1 and Msg3 for 4-step RACH. MsgB comprises legacy Msg2 and Msg4 for 4-step RACH.
2.1 The procedure for the contention-based 2-step RACH in NR-U
LBT procedure is necessary in NR-U, UE and gNB should listen to the unlicensed spectrum before transmitting. 

And the whole procedure for the contention-based 2-step RACH in NR-U is as follow. 

Step 1: Execute LBT procedure, and determine whether the LBT is successful.

Step 2: If LBT success, UE sends MsgA to gNB. 

Step 3: Determine whether MsgA has been decoded successfully by gNB.

Step 4: If MsgA has been decoded successfully by gNB, carry out LBT procedure, and determine whether the 
   LBT is successful.

Step 5: If LBT success, gNB sends MsgB to UE according to MsgA.

Step 6: Determine whether MsgB has been decoded successfully by UE.

Step 7: If MsgB has been decoded successfully by UE, we can consider the contention-based 2-step RACH 
 successfully completed.

The LBT procedure for contention-based 2-step RACH in NR-U is demanded to execute twice as described. However, considering the scenario that the success probability of LBT is very low, such as less than 50%, the LBT times for each LBT procedure should be limited, which may consider the network delay. In addition, when the data which is needed to transmit is delay sensitive, the number of LBT attempts may also be limited. Consequently, a new counter or a new timer may be needed to design for LBT procedure.

Proposal 1: A new counter or a new timer should be designed for LBT procedure for contention-based 2-step RACH in NR-U.

As we all know, when in NR-U, LBT procedure must execute before any procedures. Under this condition, fall-back from 2-step RACH to 4-step RACH owing to that MsgA has not been decoded successfully, e.g. only the signal to detect the UE has been decoded successfully, only the payload has been decoded successfully or other reasons, which may result in more LBTs, which is not expected. Moreover, there too many uncertainties to anticipate for unlicensed spectrum in NR-U, as a result of that the delay for executing LBT procedure for one time is indeed difficult to control. Especially for some delay sensitive services, if fall-back from 2-step RACH to 4-step RACH is carried out in NR-U, the total delay may be unimaginable, which leading to that only if the RACH procedure is completed successfully in the end, it may be meaningless. And the same, considering the case that the LBT failure probability is too high, the fall-back procedure may have no benefits. Then, for the case that the LBT success probability is almost close to a hundred precent, compared to 2-step RACH, 4-step RACH which is widely used in LTE is relatively stable, at this moment, the fall-back procedure seems to be able to support, but there is no more favorable evidences, therefore the gain of the fall-back procedure may require RAN1 provide some quantitative analysis.

Proposal 2a: Considering some delay sensitive services and the case that the LBT failure probability is too high, fall-back from 2-step RACH to 4-step RACH may be reconsidered for NR-U.

Proposal 2b: Considering the case that the LBT success probability is almost close to a hundred percent, the gain of the fall-back procedure may require RAN1 provide some quantitative analysis.

2.2 The procedure for the contention-based 2-step RACH in NR
In NR, LBT procedure is not needed because of certain spectrum resources, which leads to that the procedure for the contention-based 2-step RACH is as follow.

Step 1: UE sends MsgA to gNB. 

Step 2: Determine whether MsgA has been decoded successfully by gNB.

Step 3: If MsgA has been decoded successfully by gNB, gNB sends MsgB to UE according to MsgA.

Step 4: Determine whether MsgB has been decoded successfully by UE.

Step 5: If MsgB has been decoded successfully by UE, we can consider the contention-based 2-step RACH 
 successfully completed.

Different from NR-U, when in NR, LBT procedure is no longer needed as mentioned above. Then the total network delay could be reduced a lot without excessive LBT attempts. In addition, 4-step RACH has already been applied perfectly for a long time in licensed spectrum. Therefore, fall-back from 2-step RACH to 4-step RACH due to that MsgA has not been decoded successfully or other reasons can be supported for NR.

Proposal 3: Fall-back from 2-step RACH to 4-step RACH can be supported for NR.
3 Conclusion

In this contribution, we discuss about some details related to 2-step RACH and we have the following proposals. 

Proposal 1: A new counter or a new timer should be designed for LBT procedure for contention-based 2-step RACH in NR-U.

Proposal 2a: Considering some delay sensitive services and the case that the LBT failure probability is too high, fall-back from 2-step RACH to 4-step RACH may be reconsidered for NR-U.

Proposal 2b: Considering the case that the LBT success probability is almost close to a hundred percent, the gain of the fall-back procedure may require RAN1 provide some quantitative analysis.
Proposal 3: Fall-back from 2-step RACH to 4-step RACH can be supported for NR.
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