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1 Introduction

The following agreements have been reached regarding 2-step CBRA in RAN2 [1] [2]:
RAN2#102:
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

RAN2-AH-1807:

Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

In this contribution we discuss some basic principles and modelling for 2-step CBRA.
2 Discussion
2.1 Scope

At RP#80 2-step CBRA was discussed in the context of NOMA, URLLC and NR-U. For efficient use of RAN2 resources, we suggest that 2-step CBRA discussions do not need to be limited to the NR-U use case. Moreover, we have also not identified any specific differences to the procedures in RAN2 specifications with respect to different use cases, and we believe that it is possible to have a general purpose 2-step CBRA procedure. 
Proposal 1: For the purpose of the NR-U study item, 2-Step CBRA is regarded a general procedure that could be applicable to other cases than NR-U. 
We think that the random access triggers in 9.2.6 of 38.300 [3] should be applicable for 2-step CBRA, namely:

-
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;

-
To establish time alignment at SCell addition;

-
Request for Other SI;

-
Beam failure recovery.

Proposal 2: Random access triggers in 38.300 9.2.6 are applicable for 2-step CBRA. 
2.2 Initial Model
We assume that the baseline for the 2-step CBRA is the 4-step CBRA procedure. As the 4-step procedure is well known we don’t explain it further in this document.
As demonstrated in Figure 1 below, the basic principle of 2-step RACH is that the UE transmits Msg1 and Msg3 together, and the network transmits Msg2 and Msg4 together.
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Figure 1 2-step RACH procedure
Proposal 3: As an initial model, for the 2-step CBRA, msg1 and msg3 are transmitted together by the UE and Msg2 and Msg4 are transmitted together by the network.
Currently, the potential Msg3 size can be indicated by the UE by selecting the RA preamble from the applicable preamble group (if configured) [4].
Whether this is needed or not for 2-step RACH may be dependent on L1 design, so we suggest not to discuss this in RAN2, until RAN1 has made progress.
Proposal 4: For the two-step CBRA, it is FFS whether any information need to be indicated by Msg1 and this depends on RAN1 progress.
For the Msg1+Msg3 transmission, we assume that, similar to legacy PRACH, such transmission can take place when the UE does not have a valid Timing Advance. This assumption needs to be confirmed by RAN1. 

Proposal 5: For the two-step CBRA, RAN2 assumes that the Msg1+Msg3 transmission can be performed when the UE does not have a valid Timing Advance (to be confirmed by RAN1).
For Msg2, we assume the existing RAR payload fields could be used as the starting point. We note that:
· Timing Advance Command field should be present and should only be processed by UEs for which the RA is successful (RAPID in RAR matches the preamble index transmitted by the UE) as in the baseline.
· It is not clear if the UL grant field is required. This used for msg3 transmission in 4-step RACH and there is a size limit for the UL grant that can be indicated in RAR. Whether this can be useful in 2-step RACH should be discussed further in RAN2. Note that alternatively the UL grant could be indicated by PDCCH addressed to RA-RNTI, and only the UE for which the contention resolution is successful (after decoding msg4) could use the RA-RNTI UL grant.
· The RNTI field should be present, however it should contain the C-RNTI value instead of TC-RNTI, as the contention resolution could be performed in parallel with RAR processing by the UE in 2-step RA procedure. The UE for which the contention resolution is successful should set the C-RNTI value to the one received in the RAR.
Proposal 6: For the 2-step CBRA, Msg2 may carry Timing Advance Command and C-RNTI. It is FFS whether the UL grant should be included.
In 4-step CBRA today, Msg4 can be sent stand-alone (early contention resolution) or together with a (DL) RRC message. We assume that the same principle would apply to 2-step CBRA.
Proposal 7: For the 2-step CBRA, Msg4 contention resolution can be sent without an RRC message (early contention resolution) or with an RRC message.
2.3 Multiplexing of messages
Msg1 and Msg3 should be multiplexed to form a single transmission from medium occupancy point of view. We assume this will be determined by RAN1. 
Proposal 8: For the 2-step CBRA, how Msg1 and Msg3 are transmitted together is determined by RAN1.
In 4-step CBRA, Msg2 is a scheduled transmission addressed to the RA-RNTI, and a similar principle could be applied for the two-step CBRA. However, Msg4 would also need to be transmitted in the same transmission, potentially also with an RRC message. We think that the whole transmission should be scheduled as one, and such a transmission would be directed only to one UE.
We also note that if Msg3 transmission has not been made for the CCCH logical channel, it would include a C-RNTI MAC CE. In this case, when the network transmits Msg2+Msg4, it already has obtained the C-RNTI value for the UE. Therefore, Msg2+Msg4 transmission can also be addressed to the C-RNTI.
Proposal 9: For the 2-step CBRA, Msg2+Msg4 is a single transmission directed to one UE, addressed to the RA-RNTI or C-RNTI. 
2.4 Multiplexing of User Data
We note that for cases of Initial Access and RRC Resume, the user plane is not fully operational until the UE has received the DL RRC configuration message that can at earliest be provided with Msg4. 
RAN2 could consider the following two alternatives: 
ALT1 Baseline: For Initial Access and Resume, the RACH procedure is not assumed to carry any user data, i.e. no RRC procedural impact is expected, and the Transport Block size for Msg3 can be determined similar to legacy methods. 
We assume that ALT1 is the baseline behavior as it aligns with current NR. 
ALT2 EDT: Also for Initial Access and Resume, the RACH procedure could carry user data in Msg3 and in Msg4, by multiplexing the user data and control signaling on MAC. RRC procedural impact (for example, which RRC states the EDT can be performed, or how the user plane is resumed, if necessary) is FFS, and the Transport Block size determination for Msg3 is FFS. 

ALT2 would be similar to Early Data Transmission (EDT), developed for eMTC and NB-IoT. Note that for EDT, the eNB does blind decoding for Msg3 to allow flexible TBS. We assume that ALT2 would require RAN1 investigation on how to determine the TBS for Msg3 and it is not clear to what extent this is feasible in Rel-16. 
We think that the overall Access Procedure, e.g. to support small infrequent data, would benefit from being able to transmit and receive data early, i.e. there are significant benefits with ALT2. We suggest to keep both alternatives open in the NR-U SI for now.
Proposal 10: For the 2-step CBRA, RAN2 assumes that if no user data is carried in the RACH procedure no RRC procedural impact is expected, and the Transport Block size for Msg3 can be determined similar to legacy methods.
Proposal 11: RAN2 assumes that if user data is carried in the RACH procedure with Msg3 and Msg4 similar to EUTRA Early Data Transmission, RRC impact is FFS, and the Transport Block size determination for Msg3 is FFS and would require RAN1 work.
3 Conclusion
In this contribution we have the following proposals for 2-step CBRA procedure:
Proposal 1: For the purpose of the NR-U study item, 2-Step CBRA is regarded a general procedure that could be applicable to other cases than NR-U. 
Proposal 2: Random access triggers in 38.300 9.2.6 are applicable for 2-step CBRA. 
Proposal 3: As an initial model, for the 2-step CBRA, msg1 and msg3 are transmitted together by the UE and Msg2 and Msg4 are transmitted together by the network.
Proposal 4: For the two-step CBRA, it is FFS whether any information need to be indicated by Msg1 and this depends on RAN1 progress.
Proposal 5: For the two-step CBRA, RAN2 assumes that the Msg1+Msg3 transmission can be performed when the UE does not have a valid Timing Advance (to be confirmed by RAN1).

Proposal 6: For the 2-step CBRA, Msg2 may carry Timing Advance Command and C-RNTI. It is FFS whether the UL grant should be included.
Proposal 7: For the 2-step CBRA, Msg4 contention resolution can be sent without an RRC message (early contention resolution) or with an RRC message.
Proposal 8: For the 2-step CBRA, how Msg1 and Msg3 are transmitted together is determined by RAN1.
Proposal 9: For the 2-step CBRA, Msg2+Msg4 is a single transmission directed to one UE, addressed to the RA-RNTI or C-RNTI. 
Proposal 10: For the 2-step CBRA, RAN2 assumes that if no user data is carried in the RACH procedure no RRC procedural impact is expected, and the Transport Block size for Msg3 can be determined similar to legacy methods.
Proposal 11: RAN2 assumes that if user data is carried in the RACH procedure with Msg3 and Msg4 similar to EUTRA Early Data Transmission, RRC impact is FFS, and the Transport Block size determination for Msg3 is FFS and would require RAN1 work.
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