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Introduction
In the last RAN2 meeting, the following was agreed:
RAN2 assumes that all Random access triggers in 38.300 9.2.6 may be applicable for 2-step CBRA. 
In this contribution, we further discuss the 2-step CBRA for licensed and unlicensed operation on the following aspects:
1. Applicability of 2-Step CBRA
2. Contents of the Msg1 and Msg2 of the 2-Step CBRA
3. Need of differentiating between 2-Step and 4-Step CBRA
4. Need of fallback to 4-Step CBRA
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 former approach. By reducing the RA step, the number of LBT is also reduced due to the less message exchange between UE and gNB in the random access procedure. Hence it is agreed by RAN1 and RAN2 to study 2-step CBRA procedure for NR-u.
The high level 2 step random access procedure can be illustrated as follow:


In Step 1, the UE sends the preamble and a payload. The PRACH preamble can be used as reference signals for coherent detection of payload transmitted as well as for time alignment if needed. The payload can be just indicating the UE ID for contention resolution in Step 2 and for UE identification by the network in Step 1 in case of contention based random access.
In Step 2, the gNB sends a response message back to the UE and at least include the preamble ID for identification and also include UE ID for contention resolution in case of contention based random access.
In the subsequent sections, the message in Step 1 and Step 2 will be referred to Msg1 and Msg2.
Applicability of 2-Step CBRA
2-Step CBRA procedure should benefit all random access use cases and hence should be applicable to the following random access triggers as specified in TS38.331 which required 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;
· To establish time alignment at SCell addition;
· Request for Other SI (Msg3 based);
Having said that, network may want to control the amount of contention and/or UL interference using 2-Step CBRA procedure, depending on how the resource allocation is done for the Msg1 payload. Hence it is beneficial for the network to configure which use cases to apply the 2-step CBRA procedure and which will use only 4-step CBRA procedure. 

Proposal#1: 2-step CBRA should be applicable to random access triggers that can initiate 4-Step CBRA.  The network should be able to configure which random access triggers can apply the 2-step CBRA procedure and which can apply only 4-step CBRA procedure.
Furthermore, in step-2 CBRA, data is directly sent in Msg1 skipping timing adjustment. In syncrhonous case (e.g. connected mode and small cell), it should not be an issue because timing is aligned and TA value can be set to 0. Therefore, RAN2 should also check with RAN1 whether such random access triggers are applicable to deployment that requires UL timing alignment.
Proposal#2: Send a LS to RAN1 to check whether 2-step random access is applicable to deployment that requires UL timing alignment.
Contents of the Msg1 and Msg2 of the 2-Step random access
Contents of Msg1
If it is agreed that 2-step random access should be applicable to all random access triggers, then the payload should consider capable of carrying at least the following RRC messages and MAC CE:
· RRCSetupRequest
· RRCResumeRequest
· RRCReestablishmentRequest
· MAC CE (i.e. C-RNTI MAC CE, BSR)
Proposal#3: RAN2 assumes that the payload in Msg1 should be capable of carrying at least the following RRC messages and MAC CE:
· RRCSetupRequest
· RRCResumeRequest
· RRCReestablishmentRequest
· MAC CE (i.e. C-RNTI MAC CE, BSR)
Contents of Msg2
Contention Resolution
For contention resolution in Msg2, the RRC message and the MAC CE in Msg1 (other than the preamble) already contains UE ID.  The UE ID in Msg1 can be one of the following:
· S-TMSI (RRC Setup Request)
· RandomValue (for Attach/TAU and Area update for RAN paging)
· C-RNTI (UE in RRC Connected mode)
· ResumeID (RRC Resume Request)
In NR (like in LTE), the S-TMSI, RandomValue and ResumeID in the RRC message in Msg1 can be echoed back in the UE Contention Resolution Identity MAC control element in Msg2 and in the case where there is no RRC message, the C-RNTI in Msg1 is sent in the PDCCH in Msg2 for contention resolution.  In the RRC Resume and RRC Re-establishment case, the UE ID in Msg1 RRC 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: Like in licensed operation, the UE-ID in Msg1 is provided in Msg2 either via PDCCH or UE Contention Resolution Identity MAC CE for UE Identification and for contention resolution in the case of contention based 2-step random access.
UL Time Alignment
If the feasibility of asynchronous deployment for Msg1 transmission is confirmed by RAN1 as in Proposal 2, it would be beneficial that subsequent UL transmissions (after Msg2) are time aligned so that it does not introduce unnecessary UL interference. Like in RAR, Timing Advance Command is included in the RAR format for this case so that the subsequent UL transmissions are time aligned. This also depends on Proposal#2 whether RAN1 thinks that 2-step random access is applicable to deployments that require UL time-alignment
Proposal#5: If the feasibility of asynchronous deployment for Msg1 transmission is confirmed by RAN1 as in Proposal 2, the Timing Advance Command should be included in Msg2 for subsequent UL transmission for UL time alignment.
UL grant
For random access triggers such as RRC Setup, RRC Resume and RRC Reestablishment Request, the UE needs to also send the RRC Complete message back to the network. It would be beneficial to include in Msg2 also the UL grant for this purpose
Proposal#6: UL Grant for Complete message is included in Msg2
Allocation of C-RNTI for connection setup, resume and re-establishment
In NR, in the case of RRC Setup, Resume and Reestablishment, C-RNTI needs to be allocated to the UE for use in RRC Connected. If the RRC Setup, Resume and Re-establishment are agreed to be applicable random access triggers for 2-Step CBRA, the same function of allocating the C-RNTI from MAC is also needed.
Proposal#7: C-RNTI for use by the UE in RRC Connected is provided in Msg2. 
In order to support the sending of the RRC Setup, Resume and Re-establishment message, the Msg2 needs to also carry a payload for RRC messages
Fallback to 4-step random access
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#8: If gNB detects the preamble but not the request message in Step-1 message (to be confirmed with RAN1), the UE can fallback to 4-Step random access procedure.
Need of differentiating between 2-Step and 4-Step random access
Even though network configures the random access triggers applicable to use the 2-Step RA, it is unlikely that all UEs will support 2-Step RA. If this is the case, for UE initiated random access triggers (e.g. UL out-of-sync with UL data arrival etc), network needs to know whether it has to look for payload in Msg1. Some form of PRACH resource partitioning need to be used.
Proposal#9: PRACH resource partitioning is needed to differentiate between 2-Step and 4-Step random access. 
Impact of LBT to the 2-step CBRA
In the case of 2-step CBRA procedure for NR-u, 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#10: 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: 2-step CBRA should be applicable to random access triggers that can initiate 4-Step CBRA.  The network should be able to configure which random access triggers can apply the 2-step CBRA procedure and which can apply only 4-step CBRA procedure.
Proposal#2: Send a LS to RAN1 to check whether 2-step random access is applicable to deployment that requires UL timing alignment.
Proposal#3: RAN2 assumes that the payload in Msg1 should be capable of carrying at least the following RRC messages and MAC CE:
· RRCSetupRequest
· RRCResumeRequest
· RRCReestablishmentRequest
· MAC CE (i.e. C-RNTI MAC CE, BSR)
Proposal#4: Like in licensed operation, the UE-ID in Msg1 is provided in Msg2 either via PDCCH or UE Contention Resolution Identity MAC CE for UE Identification and for contention resolution in the case of contention based 2-step random access
Proposal#5: If the feasibility of asynchronous deployment for Msg1 transmission is confirmed by RAN1 as in Proposal 2, the Timing Advance Command should be included in Msg2 for subsequent UL transmission for UL time alignment.
Proposal#6: UL Grant for Complete message is included in Msg2
Proposal#7: C-RNTI for use by the UE in RRC Connected is provided in Msg2. 
Proposal#8: If gNB detects the preamble but not the request message in Step-1 message (to be confirmed with RAN1), the UE can fallback to 4-Step random access procedure.
Proposal#9: PRACH resource partitioning is needed to differentiate between 2-Step and 4-Step random access. 
Proposal#10: 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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