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Introduction
[bookmark: _GoBack]Work on 2-step RA was started in RAN2 in RAN2#105. In RAN2#105bis the following agreements were reached [1]:

Agreements:
1. Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
1. The start of the msgB reception window is after the PUSCH transmission opportunity of msgA.  Details are FFS for 2-step RACH and fallback. 
1. If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB.  FFS for other conditions.  
1. 2-step RACH is applicable for Msg3 based SI request.
1. 2-step RACH is applicable for CB BFR. FFS for CFRA. 

Furthermore, in the last meeting in RAN2#106 in Reno, the following agreements [2] were captured:

	[bookmark: _Hlk16578280]Agreements
1. From RAN2 perspective, 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states.  FFS if radio quality is used for 2-step RACH selection. 
1. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  
1. FFS whether the UE can fallback to 4-step RACH after certain time.  Ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same.  
1. For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI) 
1. Contention resolution:
4. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.
4. If the corresponding fallback RAR is detected, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI for success response and process the fallback operation accordingly.
4. If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the response window, the UE should consider the msgA attempt failed and do back off operation based on the backoff indicator if received in MsgB.
4. FFS if a new MAC CE with 12bits Timing Advanced Command shall be introduced
1. For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   
1. For CCCH, for success or fallback RAR MsgB can multiplex messages for multiple UEs.  FFS if we can multiplex SRB RRC messages of multiple UEs.  
1. Network response to msgA (i.e. msgB/msg2) can include the following: 
7. SuccessRAR 
7. FallbackRAR
7. Backoff Indication
FFS: format of successRAR and whether successRAR is split into more than one message and format of fallbackRAR and whether legacy msg2 can be reused for fallbackRAR
1. Proposal 10: The following fields can be included in the successRAR when CCCH message is included in msgA.
8. Contention resolution ID
8. C-RNTI
8. TA command
1. Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
1. FallbackRAR should contain the following fields
10. RAPID
10. UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 
10. TC-RNTI
10. TA command
1. From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
1. The UE will monitor for response message using the single msgB agreed window
1. MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU





In this contribution we will start discussing the configuration of 2-step RA.
[bookmark: _Ref178064866]Discussion
As many details on 2-step RA are still to be decided, in this contribution we will address how to configure and what is needed to be configured for 2-step RA. 
Configuration of 4-step random access
In Rel-15 the random access may be triggered by the following number of events taken from 38.300 [3]:
· Idle/Inactive mode
· Initial access from RRC_IDLE;
· RRC Connection Re-establishment procedure;
· Transition from RRC_INACTIVE;
· Request for Other SI
· Connected mode
· DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is “non-synchronised”; 
· UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;
· SR failure;
· Request by RRC upon synchronous reconfiguration (e.g. handover);
· To establish time alignment for a secondary TAG; 
· Beam Failure Recovery
For the above triggers, rel-15 case random access can be configured either in a broadcast fashion or in dedicated signalling. 
For configuring in broadcast fashion, this can be applied to UEs that are in IDLE, INACTIVE or CONNECTED mode. The triggers in this case may be initial access, short data transmission, for CBRA mobility etc. Examples of what needs to be broadcasted for initial access include SSB-parameters, preamble parameters, group B configuration for larger Msg3 payloads, PRACH configuration, subcarrier spacing, timers etc. 
For dedicated signalling, this may be signalled to the UE mainly in CONNECTED mode. The triggers that usually utilize dedicated signalling include Beam Failure Recovery and for CFRA mobility. Some examples what is signalled on top of the broadcasted configurations include SSB resource lists, dedicated preamble, random access priority configurations etc. 
The signalling structure of everything that is related to RA in RRC is depicted in Figure 1 below.  

[image: ]
Figure 1. RACH configuration tree in RRC along with the use-case. 

A quick summary of what is included in the different RACH-related SIs:
· RACH-ConfigGeneric, contains mostly physical channel related information, such as prach-ConfigurationIndex, maximum number of transmitted preambles, power ramping and RAR window.
· BeamFailureRecoveryConfig, has on top of RACH-ConfigGeneric has information relating to BFR such as SSB-information and prioritization for random access.
· [bookmark: _Hlk16582337]RACH-ConfigDedicated, has information needed for Reconfiguration with Sync which means that it needs to contain CFRA information, SSB information and resources, dedicated preambles as well as prioritization for random access.
· RACH-ConfigCommon, has information regarding cell-specific random access parameters, including SSB-to-preamble information, group B information for larger Msg3-payloads, SSB and SUL thresholds, contention resolution timer, etc. 

Configuration of 2-step random access
The currently discussed and agreed use-cases for 2-step random access are the same as for random access except for requesting Other SI according to e-mail discussion 106#75. This means that 2-step will need to be available for almost all of the procedures as for 4-step random access. From Figure 1 it seems clear that introducing the 2-step random access changes will have to be done in multiple IEs similar to how random access-configurations for the different triggers in Rel-15 is distributed across multiple IEs. 
[bookmark: _Toc16586952]Implementing the 2-step RA in a similar way as 4-step RA will require many changes to multiple IEs.
While it is still at an early stage, it could be worth to start listing parameters that are known with certainty that they should be included, extended or adapted. In Table 1, a set of parameters that are known to be needed are mention along with their current 4-step field. 

	2-step adaptions from 4-step
	Similar 4-step field
	Currently configured in

	Maximum number of msgA preamble transmissions
	preambleTransMax
	RACH-ConfigGeneric

	Threshold for 2-step selection
	rsrp-ThresholdSSB
	RACH-ConfigCommon, BeamFailureRecoveryConfig

	Extended RAR window or MsgB window OR contention resolution window
	ra-ResponseWindow OR ra-ContentionResolutionTimer
	RACH-ConfigGeneric, 
RACH-ConfigCommon

	MsgA PUSCH size
	ra-Msg3SizeGroupA                   
	RACH-ConfigCommon

	Group B configuration
	groupBconfigured
	RACH-ConfigCommon



Furthermore, a non-exhaustive set of parameters that will most likely be new and does not exist in current configurations are listed in table 2. Further input from RAN1 is required to complete this list.

	New 2-step parameters
	Use-cases
	Should be configured in current IE or equivalent 2-step version

	MsgA PUSCH parameters:
· MCS,
· Message size thresholds,
· Preamble to PUSCH mapping
· More parameters FFS
	Potentially all use-cases; FFS if the PUSCH parameters will be same in all trigger-cases.
	RACH-ConfigGeneric, RACH-ConfigCommon and BeamFailureRecoveryConfig

	BFR parameters (further discussed in companion contribution [4])
· Whether 2-step allowed for BFR
· Preambles/PUSCH resources for 2-step CBRA BFR

	BFR
	RACH-ConfigCommon and BeamFailureRecoveryConfig



RAN2 is asked to take the parameters in Table 1 and 2 as a baseline for configuring 2-step RA.

Conclusion
In section 2 we made the following observations:
Observation 1	Implementing the 2-step RACH in a similar way as 4-step RACH will require many changes to multiple IEs.

Based on the discussion in section 2 we propose the following:
1. RAN2 is asked to take the parameters in Table 1 and 2 as a baseline for configuring 2-step RA.
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