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Introduction
In the last RAN2 meeting, the following was agreed:
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.

In this contribution, we further discuss the 2-step CBRA for licensed and unlicensed operation on the following aspects:
1. Further consideration of the 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. How the UE receives all the contents of MsgB
Discussion
Further consideration on the applicability of 2-Step CBRA
In the last RAN2 meeting, the following is agreed on the RA triggers for 2-Step CBRA procedure:
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.

This would mean that the following RA triggers are applicable to 2-Step CBRA procedure:
· 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;

In addition, if 2-step RA procedure is applicable to the above cases, we do not see why we need to exclude SI request based on Msg3 as it will also reduce the number of LBTs.

Proposal#1: 2-Step RA procedure is also applicable to SI request based on Msg3.

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#2: 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. For other cases where UL timing alignment is required, RAN2 should check with RAN1 whether 2-Step CBRA is applicable to such deployment.
Proposal#3: Send a LS to RAN1 to check whether 2-step random access is applicable to deployment that requires UL timing alignment.
Contents of the MsgA and MsgB of the 2-Step random access
Contents of MsgA
If it is agreed that 2-step random access should be applicable to all random access triggers that are applicable to 4-Step CBRA, then the payload should consider capable of carrying at least the following RRC messages and MAC CE:
· RRCSetupRequest
· RRCResumeRequest
· RRCReestablishmentRequest
· RRCSystemInfoRequest
· MAC CE (i.e. C-RNTI MAC CE, BSR)
Proposal#4: RAN2 assumes that the payload in Msg1 should be capable of carrying at least the following RRC messages over CCCH SDU and MAC CE:
· RRCSetupRequest
· RRCResumeRequest
· RRCReestablishmentRequest
· RRCSystemInfoRequest
· MAC CE (i.e. C-RNTI and BSR MAC CE)
Contents of MsgB
With the trigger agreed in the last meeting and Proposal 1, the MsgB can contain the following RRC messages over either CCCH or DCCH SDU:
· RRCSetup
· RRCResume
· RRCReestablishment
Proposal#5: The MsgB can contain the following RRC messages over either CCCH or DCCH SDU:
· RRCSetup
· RRCResume
· RRCReestablishment
Other MsgB contents are further discussed below.
Contention Resolution
For contention resolution in MsgB, the RRC message and the MAC CE in MsgA (other than the preamble) already contains UE ID.  The UE ID in MsgA 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 MsgA can be echoed back in the UE Contention Resolution Identity MAC control element in MsgB and in the case where there is no RRC message, the C-RNTI in MsgA is sent in the PDCCH in MsgB for contention resolution.  In the RRC Resume and RRC Re-establishment case, the UE ID in MsgA RRC message can also be used for UE context identification. With correct choice of UE ID, the UE ID in MsgA can serve both contention resolution and UE context identification.
Proposal#6: Like in licensed operation, the UE-ID in MsgA is provided in MsgB 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 MsgA payload transmission is confirmed by RAN1 as in Proposal 2, it would be beneficial that subsequent UL transmissions (after MsgB) 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#7: If the feasibility of asynchronous deployment for MsgA payload transmission is confirmed by RAN1 as in Proposal 3, the Timing Advance Command should be included in MsgB 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 MsgB also the UL grant for this purpose
Proposal#8: UL Grant for Complete message can be included in MsgB for such cases, e.g. RRC Setup, Resume, Reestablishment request.
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#9: C-RNTI for use by the UE in RRC Connected is provided in MsgB. 
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
How the UE receive all the contents in MsgB
During the raResponseWindow, depending on the UE-ID sent in MsgA, the UE may receive the PDCCH of MsgB being masked either by:
1. C-RNTI
2. RA-RNTI
[bookmark: _GoBack]Case 1) occurs for triggers that sent C-RNTI MAC CE in MsgA (i.e. SR over RACH due to UL data arrival or due to PDCCH order). In this case, the UE MAC is expecting at least the UL grant (if BSR is sent in MsgA) and also UL timing advance value. If a normal RAR is used for the UE, the RAPID and the temporary C-RNTI in the RAR can be ignored by the UE..
Case 2) occurs for all the other cases where other UE-IDs (i.e. S-TMSI, resumeID, reestabUE-ID, SI bitmap) are used in MsgA. As in existing Msg2 in 4-step random access, it can contain either 1 or more RARs in a RAR PDU, each RAR is for a RAPID.  However, we do not see a need of such multiplexing of RARs from different UEs into a RAR PDU for 2-Step RA since MsgB anyway needs to carry also the other DL payload (i.e. the contention resolution ID MAC CE and/or the RRC messages as in Proposal#5). On top of the DL payload, the UE MAC is expecting the UL grant (if BSR is sent in MsgA), UL timing and C-RNTI. Again, a normal RAR for the UE can be used. Since the contention resolution ID is provided in MsgB, the RAPID can be ignored by the UE.
Proposal#10: In the case PDCCH of MsgB masked by the C-RNTI of MsgA, the UE MAC receives at least the UL grant and also UL timing advance value in a MAC PDU. If this is sent using a normal RAR, the UE ignores the RAPID and the temporary C-RNTI. 
Proposal#11: In the case PDCCH of MsgB masked by RA-RNTI, the UE MAC receives at least the UL grant, UL timing and C-RNTI. This can be sent using a normal RAR.  In the same MAC PDU, it also includes the Contention Resolution ID MAC CE and MAC SDU.
Proposal#12: No multiplexing of RARs from different UEs into a RAR PDU for 2-step RA.
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#13: PRACH resource partitioning is needed to differentiate between 2-Step and 4-Step random access. 
Conclusion and proposals
It is requested that RAN 2 discuss and agree on the following proposal:
Proposal#1: 2-Step RA procedure is also applicable to SI request based on Msg3.

Proposal#2: 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#3: Send a LS to RAN1 to check whether 2-step random access is applicable to deployment that requires UL timing alignment.
Proposal#4: 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#5: The MsgB can contain the following RRC messages over either CCCH or DCCH SDU:
· RRCSetup
· RRCResume
· RRCReestablishment
Proposal#6: Like in licensed operation, the UE-ID in MsgA is provided in MsgB 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#7: If the feasibility of asynchronous deployment for MsgA payload transmission is confirmed by RAN1 as in Proposal 3, the Timing Advance Command should be included in MsgB for subsequent UL transmission for UL time alignment.
Proposal#8: UL Grant for Complete message can be included in MsgB for such cases, e.g. RRC Setup, Resume, Reestablishment request.
Proposal#9: C-RNTI for use by the UE in RRC Connected is provided in Msg2. 
Proposal#10: In the case PDCCH of MsgB masked by the C-RNTI of MsgA, the UE MAC receives at least the UL grant and also UL timing advance value in a MAC PDU. If this is sent using a normal RAR, the UE ignores the RAPID and the temporary C-RNTI.  
Proposal#11: In the case PDCCH of MsgB masked by RA-RNTI, the UE MAC receives at least the UL grant, UL timing and C-RNTI. This can be sent using a normal RAR.  In the same MAC PDU, it also includes the Contention Resolution ID MAC CE and MAC SDU.
Proposal#12: No multiplexing of RARs from different UEs into a RAR PDU for 2-step RA.
Proposal#13: PRACH resource partitioning is needed to differentiate between 2-Step and 4-Step random access. 


