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Introduction
In the last RAN2 meeting, it was agreed to discuss 2-step CBRA as follow:
· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.
In RAN1, it is seen to have benefit for channel access:
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In this contribution, we discuss the 2-step CBRA for licensed and unlicensed operation.
Discussion
To reduce the impact of LBT on random access procedure over unlicensed carrier, there are basically 2 approaches: one is to reduce the number of message exchange between the UE and gNB and another is to increase the TX opportunities of each RACH step. The 2-step RA procedure is basically the previous approach. By reducing the RA step, the impact of LBT can be reduced due to the message exchange between UE and gNB. Hence it is agreed by RAN1 and RAN2 to study 2-step CBRA procedure for NR-u.
[bookmark: _GoBack]In Rel-16, NOMA is another SI [1] which will also be studying 2-step RA procedure. NOMA is a RAN1-led SI to allow for UL data transmission with and without random access procedure as follow:
· Generally speaking, non-orthogonal transmission can be applied to both grant-based and grant-free transmission. The benefits of non-orthogonal multiple access, particularly when enabling grant-free transmission, may encompass a variety of use cases or deployment scenarios, including eMBB, URLLC, mMTC etc. In RRC_CONNECTED state, it saves the scheduling request procedure assuming UE is already uplink synchronized. In RRC_INACTIVE state, data can be transmitted even without RACH procedure or with 2-step RACH. The saving of the signalling naturally also saves UE’s power consumption, reduces latency and increases system capacity. 
Furthermore, 2-step CBRA can also benefit URLLC in licensed carrier for reducing the latency.
Since the 2-step CBRA can also be used in licensed operation (e.g. NOMA, URLLC), it is expected that the procedure design for 2-step CBRA should be common for both licensed and unlicensed operation.  Hence we proposed that:
Proposal#1: The general 2-step CBRA procedure (e.g. UE identification, contention resolution and the fallback to 4-step) should be designed to be commonly applied to both licensed and unlicensed operation. 
In addition to the general 2-step CBRA procedure, the further optimisation can be studied consdiering NR-u specific aspects e.g. LBT. 
Proposal#2: Further enhancement on top of general 2-step CBRA procedure can be studied to consider NR-specific aspects e.g. LBT.
2-Step CBRA procedure should benefit all random access use cases and hence should be applicable to all use cases. On the other hand, it will be beneficial for the network to configure which use cases to apply the 2-step CBRA procedure.
Proposal#3: 2-step should be applicable to all use cases of random access (i.e. initial access, HO, re-establishment, SR/TA).  The network should be able to configure which use cases it can apply the 2-step CBRA procedure.
Quick analysis of 2-step RA procedure (from RAN2 procedure perspective)
2-step RA would be able to be configured to be applied to all use cases of random access scenarios from initial access, handover, resumption/re-establishment to timing alignment and scheduling request. The high level 2 step random access procedure can be illustrated as follow:


In Step 1, the UE sends the preamble and a request message. The PRACH preamble can be used as reference signals for coherent detection of data transmitted as well as for time alignment if needed. The request message can be just indicating the UE ID for contention resolution.
In Step 2, the gNB sends a response message back to the UE and at least include the UE ID for contention resolution.
Based on the above, some observations can be made:
· In order to use the 2-step CBRA procedure for all use cases of random access scenarios, Step1 Msg in the 2-step RA should be able to carry data transmission which can either be RRC message or MAC CE
· Some form of UE-ID needs to be sent in Step1 Msg in order for UE Identification by the network (e.g. in the case of resumption/reestablishment) and to allow for contention resolution by the UE in Step2 Msg, if the Step1 Msg is transmitted on contention/shared resource among different UEs
· As preamble + data is sent in Step1 Msg, there is the possibility that preamble is received while data is lost.  Fallback method needs to be studied to allow the 2-step procedure to fallback to 4-step when it happens.
Observation: 2-step CBRA procedure involves fallback to 4-step, UE Identification by the network and contention resolution by the UE. 
In the following section, we further study the UE identification, contention resolution and the fallback to 4-step.
UE Identification and contention resolution
Based on the use cases for random access procedure, the Step1 Message (other than the preamble) can be used to send RRCSetupRequest message, RRCResumeRequest message and Scheduling request containing UE ID in the RRC message or in MAC CE.  
The UE ID in the Step-1 message can be one of the following:
· S-TMSI (RRC Connection establishment)
· RandomValue (for Attach/TAU and Area update for RAN paging)
· C-RNTI (UE in RRC Connected mode)
· ResumeID (Resume)
In NR (like in LTE), the S-TMSI, RandomValue and ResumeID in the RRC message in Step-1 message can be echoed back in the UE Contention Resolution Identity MAC control element in Step-2 and in the case where there is no RRC message, the C-RNTI MAC CE in Step-1 message is sent in Step-2 for contention resolution.  In the RRC Connection Resume and RRC Connection Re-establishment case, the UE ID in Step-1 message can also be used for UE context identification. With correct choice of UE ID, the UE ID in Step-1 message can serve both contention resolution and UE context identification.
Proposal#4: Step-1 message should contain some form of UE-ID that can be used for UE Identification and for contention resolution, similar to the Message3 in 4–step RA procedure.
Fallback to 4-step random access
As observed, it is possible that the gNB detects the preamble but not the message in Step-1 message due to collision or the message fails CRC. In this case, the gNB may just respond as though no message is received in Step-1 message with a RAR containing the preamble using the 4-step RA-RNTI calculation. Upon receiving the RAR with its preamble, the UE can fallback to the 4-step random access procedure.
Proposal#5: If gNB detects the preamble but not the request message in Step-1 message, the UE can fallback to 4-Step random access procedure.
Impact of LBT to the 2-step CBRA
In the 2-step CBRA procedure, Step1 Msg and Step2 Msg are also subject to LBT. Similar to 4-step CBRA, these aspect needs to be considered for 2-step RA. For example:
· Step1 Msg transmission opportunities – improvement similar to 4-step (e.g. retransmit in next RA occasion rather than after Step2 Msg is not received, additional BWP for PRACH etc.)
· Step2 Msg transmission opportunities – improvement similar to 4-step (e.g. extending RAR window etc.)
Proposal#6: Like in 4-step CBRA, 2-Step CBRA procedure for NR-u should relate to enhancing the Step1 and Step2 Msg transmission opportunities to reduce the impact of LBT.
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposal:
Proposal#1: The general 2-step CBRA procedure (e.g. UE identification, contention resolution and the fallback to 4-step) should be designed to be commonly applied to both licensed and unlicensed operation. 
Proposal#2: Further enhancement on top of general 2-step CBRA procedure can be studied to consider NR-specific aspects e.g. LBT.
Proposal#3: 2-step should be applicable to all use cases of random access (i.e. initial access, HO, re-establishment, SR/TA).  The network should be able to configure which use cases it can apply the 2-step CBRA procedure
Observation: 2-step CBRA procedure involves fallback to 4-step, UE Identification by the network and contention resolution by the UE. 
Proposal#4: Step-1 message should contain some form of UE-ID that can be used for UE Identification and for contention resolution, similar to the Message3 in 4–step RA procedure.
Proposal#5: If gNB detects the preamble but not the request message in Step-1 message, the UE can fallback to 4-Step random access procedure.
Proposal#6: Like in 4-step CBRA, 2-Step CBRA procedure for NR-u should relate to enhancing the Step1 and Step2 Msg transmission opportunities to reduce the impact of LBT.
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The following modifications to initial access procedures are beneficial

Modifications to initial access procedures considering limitations on
access to the channel based on LBT
o  Develop techniques to handle reduced SS/PBCH block and
RMSI transmission opportunities due to LBT failure
Enhancement to 4-step RACH
o Mechanisms to handle reduced msg 1/2/3/4 transmission
opportunities due to LBT failure
2-step RACH potentially has benefit for channel access
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