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Introduction
Work on 2-step RA was started in RAN2 in RAN2#105. In the last meeting the following agreements were captured:

Agreements:
1. Working assumption: SRB RRC messages of multiple UEs cannot be multiplexed in same msg B (i.e. same MAC PDU).   
2. successRAR cannot be split into more than one message (i.e.Contention resolution ID will also be included in successRAR).   
3. SuccessRAR and fallbackRAR can be multiplexed

Agreements
=>	HARQ feedback for msgB would be needed from RAN2 point of view

Agreements 
1. The fallback RAR shall be included in the general MsgB format, ie., be able to be multiplexed with the successRAR for 2-step RACH.
2. TB size offered in UL grant in the fallback RAR shall be the same as the TB size offered for payload transmission in MsgA; otherwise, the UE behavior is not defined (i.e. it is up to UE implementation).
3. RA type selection is performed before beam selection
4. No need to reexecute RA selection criteria upon fallback failure (i.e if reception of msg3 fails).  The UE re-transmits using msgA

Agreements:
1. If the random access procedure is not successfully completed even after transmitting the msgA 'N' times, UE fallbacks to 4 step RACH procedure i.e. UE only transmits the PRACH preamble.  
2. Network can configure the number of times 'N', a UE can attempt to re-transmit msgA during the random access procedure.  
3. For MsgA with C-RNTI or CCCH SDU, upon receiving fallbackRAR corresponding to random access preamble transmitted by UE, UE may stop monitoring PDCCH addressed to msgB-RNTI.
4. For MsgA with CCCH SDU, if neither fallbackRAR or successRAR is received 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

Agreements
1. RA type selection is NOT left up to UE implementation.  
2. If the UE is configured with 2-step RA, the RSRP is above a configurable threshold then the UE shall use the 2-step RA procedure.  
3. 2-step RA type selection is done after carrier type selection (UL/SUL).  FFS if we have separate threshold for different carriers (UL/SUL)


=>	From RAN2 point of view, there is benefits to support 2-step CFRA for HO (dedicated preamble and dedicated PUSCH).   
=>	2-step CFRA (dedicated preamble and dedicated PUSCH) can be an alternative RACH-less HO.  It is up to the plenary to decide how to handle this and whether we chose to do anything at all.  


In this contribution we will continue discussing the configuration of 2-step RA based on current agreements as well as on-going RAN1 discussions.
[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 RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED mode. The triggers in this case may be initial access 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 in RRC_CONNECTED mode. The triggers that usually utilize dedicated signalling include Beam Failure Recovery and for CBRA/CFRA mobility. Some examples of what is signalled on top of the broadcasted configurations include SSB resource lists or CSI-RS 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.  
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Figure 1. RACH configuration in RRC and the relations to other IEs. 

A quick summary of what is included in the different RACH-related IEs:
· 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 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 or CSI-RS 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 the msg1 based method for requesting Other SI. This means that 2-step RA is applicable for almost all of the procedures that 4-step random access can be used for. 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][bookmark: _Toc20228882][bookmark: _Toc20906356][bookmark: _Toc21032189]Implementing the 2-step RA in a similar way as 4-step RA will require many changes to multiple IEs.
In 2-step RA there will be two specific cases where the optimal RRC implementation would be different; separate and shared RO. The RO may be shared in both cases for both idle and connected mode 2-step RA. It may also be considered to enable beam-specific support for 2-step RA, e.g. enabling that 2-step RA is supported for only a subset of SSB directions. The rationale would be that 2-step RA configurations are costly due to the msgA PUSCH allocations and therefore an operator may want to limit its support to selected beam directions. An additional aspect that may be considered is whether it should be possible to configure a BWP or a cell to only support 2-step RA, but no 4-step RA. Note that even if 4-step RA is not configured, fallback from a 2-step RA procedure, where the gNB responds with a fallback RAR, including TC-RNTI, TA and an UL grant for msg3, may still be possible.
[bookmark: _Toc20906357][bookmark: _Toc21032190]Whether a BWP with 2-step only should be possible needs to be discussed.

When designing the ASN.1 code, these aspects should be kept in mind, as well as backwards compatibility to release 15. A principle design choice may be whether to extend existing 4-step RACH configuration IEs with 2-step RACH configuration parameters or create new parallel 2-step RACH configuration IEs corresponding to the existing 4-step RACH configuration IEs.
In general, creating new parallel basic 2-step RACH configuration IEs creates a clean cut between the two RA types, facilitates maintaining backwards compatibility while enabling both separate configuration properties (e.g. for the separate RO option) and coordinated configuration properties (e.g. for the shared RO option). For configuration of separate ROs, the parallel configurations for 4-step ROs and 2-step ROs would be chosen so that no 2-step RO overlaps with a 4-step RO. For configuration of shared ROs, the parallel configurations for 4-step ROs and 2-step ROs would ensure that the 2-step ROs and 4-step ROs coincide. While this makes sense for the most basic configuration IEs, doing so for all IEs involving RACH is cumbersome and makes the specification difficult to read in some cases. 
[bookmark: _Toc20906358][bookmark: _Toc21032191]Introducing new parallel RACH configuration for the most basic IEs corresponding to the existing RACH configuration IEs for 4-step RA is a clean design principle, facilitating backwards compatibility while maintaining configuration flexibility, while reusing some configurations eases the implementation burden.
Using the above principles we have in addition to this contribution provided a draft CR [4] to illustrate how 2-step RA can be implemented given the discussions in 2.2.1 – 2.2.4. The draft should be read in such a way that not the specific fields, which are being discussed and/or decided in RAN1, are emphasized, but rather the structure of the CR. 
[bookmark: _Toc20988386][bookmark: _Toc21032194]RAN2 to agree on the outline of the CR and to take the draft CR as a baseline.

Configuration of low level msgA properties
The lowest level of the RACH configuration performed by RRC is assembled in the RACH-ConfigGeneric IE. A corresponding IE for 2-step RA, e.g. TwoStepRACH-ConfigGeneric, would contain corresponding parameters (with different names where applicable). Possible additional parameters would concern the msgA PUSCH transmission. For instance, it is FFS – and up to RAN1 to decide – whether the preamble transmission power related parameters, preambleReceivedTargetPower and powerRampingStep should be complemented with corresponding parameters for msgA PUSCH or whether the preamble-related parameters would apply to msgA PUSCH too. It is also FFS whether the msgA PUSCH resource allocation should be indicated in a TwostepRACH-ConfigGeneric IE or in another IE, such as a TwoStepRACH-ConfigCommon IE.
The on-going, not yet completed RAN1 discussions have not concluded on any new 2-step RA related configuration parameter suitable for a TwoStepRACH-ConfigGeneric IE, which lacks correspondence in the release 15 RACH-ConfigGeneric IE.
[bookmark: _Toc20906362][bookmark: _Toc20988387][bookmark: _Toc20906363][bookmark: _Toc20988388][bookmark: _Toc20906568][bookmark: _Toc20988389][bookmark: _Toc20906569][bookmark: _Toc20988390][bookmark: _Toc20228884][bookmark: _Toc20906570][bookmark: _Toc20988391][bookmark: _Toc21032195]Specify a new TwoStepRACH-ConfigGeneric IE to be configured in parallel with the existing RACH-ConfigGeneric IE.
[bookmark: _Toc20988392][bookmark: _Toc21032196]The TwoStepRACH-ConfigGeneric IE should contain 2-step RA configuration parameters corresponding to the 4-step RA configuration parameters in the RACH-ConfigGeneric IE.


Configuration for CCCH SDU
For CCCH SDU, a new separate 2-step RA related IE corresponding to the RACH-ConfigCommon IE should be specified. This new IE should contain 2-step RA configuration parameters corresponding to the 4-step RA configuration parameters in the RACH-ConficCommon IE, as well as parameters related to the configuration of msgA PUSCH, e.g. named TwostepRACH-ConfigCommon. This new IE could also contain parameters enabling SSB beam-specific 2-step RA support, e.g. enabling support for 2-step RA for only a subset of the SSB beam directions.
As concluded above, having separate configuration IEs for 2-step RA has certain advantages. An additional observation is if the 2-step RA configuration were to be included in the existing RACH-ConfigCommon IE, it would not be possible to configure a BWP or cell with support only for 2-step RA without also supporting 4-step RA, since RACH-ConfigGeneric is mandatory in RACH-ConfigCommon. This can be done by including the new TwoStepRACH-ConfigCommon IE in BWP-UplinkCommon as below. 
BWP-UplinkCommon information element
-- ASN1START
-- TAG-BWP-UPLINKCOMMON-START

BWP-UplinkCommon ::=                SEQUENCE {
    genericParameters                   BWP,
    rach-ConfigCommon                   SetupRelease { RACH-ConfigCommon }  OPTIONAL,   -- Need M
    pusch-ConfigCommon                  SetupRelease { PUSCH-ConfigCommon } OPTIONAL,   -- Need M
    pucch-ConfigCommon                  SetupRelease { PUCCH-ConfigCommon } OPTIONAL,   -- Need M
... , 
[[
twoStepRACH-ConfigCommon	SetupRelease {TwoStepRACH-ConfigCommon}		OPTIONAL,	-- Need M
	]]

}

-- TAG-BWP-UPLINKCOMMON-STOP
-- ASN1STOP


[bookmark: _Toc20906574][bookmark: _Toc20988393][bookmark: _Toc21032197]Specify a new TwoStepRACH-ConfigCommon IE to be configured in parallel with the existing RACH-ConfigCommon IE.
[bookmark: _Toc20988394][bookmark: _Toc20988395][bookmark: _Toc20988396][bookmark: _Toc21032198][bookmark: _Toc20988397]The TwoStepRACH-ConfigCommon IE should contain 2-step RA configuration parameters corresponding to the 4-step RA configuration parameters in the RACH-ConfigCommon IE, as well as parameters related to configuration of msgA PUSCH.
Configuration of msgA PUSCH 
Configuration of msgA PUSCH should include a multitude of aspects, e.g. time/frequency allocations, PUSCH Resource Unit configuration (e.g. including DMRS), mapping between 2-step RO+preamble and PUSCH Resource Unit, guard times, etc. Many of these aspects are clearly in the domain of RAN1.
For the msgA PUSCH configuration the on-going RAN1 discussion has so far yielded the parameters listed in the table below. 
	Parameter Name (suggested)
	Values
	New R16 vs extension of R15
	Per (UE, cell, config, …)
	Description
	Configuration restriction (if any)

	NumberOfConfig
	TBD
	New
	Per cell
	Number of msgA PUSCH configurations
	

	MCS / TBS
	TBD
	New
	Per configuration
	To be decided if one of them or both to be configured
	

	MsgAPUSCH-Periodicity
	TBD
	New
	Per configuration
	msgA configuration period.
	

	MsgAPUSCH-timeDomainOffset
	TBD
	New
	Per configuration
	Single time offset with respect to the start of each PRACH slot, counted as the number of slots (based on the numerology of active UL BWP)
	

	Number-PUSCH-Slots
	TBD
	New
	Per configuration
	Number of slots (in active UL BWP numerology) containing one or multiple POs, each slot has the same time domain resource allocation
	

	NumberOfPUSCHperSlot
	TBD
	New
	Per configuration
	Number of time domain PUSCH occasions in each slot
	

	MsgAPUSCH-startSymbolAndLength
	TBD
	New
	Per configuration
	An index giving valid combinations of start symbol and length as start and length indicator (SLIV). The network configures the field so that the allocation does not cross the slot boundary.
	

	GuardPeriodMsgAPUSCH
	TBD
	New
	Per configuration
	PUSCH occasions including guard period are contiguous in time domain within a slot
	

	MappingTypeMsgAPUSCH
	ENUMERATED {typeA, typeB}
	New
	Per configuration
	PUSCH mapping type A or B
	

	FrequencyStartMsgAPUSCH
	INTEGER (0..maxNrofPhysicalResourceBlocks-1)
	New
	Per configuration
	Offset of lowest PUSCH occasion in frequency domain with respective to PRB 0
	

	NumberPRBperPUSCH
	TBD
	New
	Per configuration
	Number of PRBs per PUSCH occasion
	

	NrFDMedMsgAPUSCH
	TBD
	New
	Per configuration
	The number of msgA PUSCH occasions FDMed in one time instance
	

	msgA-DMRS-Configuration
	TBD
	New
	Per configuration
	DMRS configuration for msgA PUSCH, including DMRS Type, number of DMRS symbols, and number of DMRS ports
	

	Number-DMRS-Sequences
	TBD
	New
	Per configuration
	Number of DMRS sequences for msgA PUSCH
	

	MsgADeltaPreamble
	TBD
	New
	Per cell
	Power offset of msgA PUSCH relative to the preamble received target power
	

	
	
	
	
	
	

	msgA-transformPrecoder
	
	New
	Per cell
	Enables or disables transform precoding for msgA PUSCH. 
To be decided if it is separately configured or always follow msg3-transformPrecoder
	

	PreamblesPerPRU
	
	New
	Per cell
	Number of preambles mapped to one PUSCH resource unit. To be decided if it is explicitly signaled.
	

	msgA-PUSCH-powerRampingStep
	
	New
	Per cell
	Power ramping steps for msgA PUSCH. 
To be decided if it is separately configured or always follow msgApreamble-powerRampingStep of 2-step PRACH
	

	
	
	
	
	
	



The msgA PUSCH configuration could be assembled in a single IE or parameter structure, which should be included in the TwoStepRACH-ConfigCommon IE or the TwoStepRACH-ConfigGeneric IE. Alternatively, the msgA PUSCH configuration parameters could be divided into two different IEs, where one could be included in the TwoStepRACH-ConfigGeneric IE while the other one would be included in the TwoStepRACH-ConfigCommon IE.
[bookmark: _Toc21032192]The specific msgA PUSCH configuration parameters are to a large extent the responsibility of RAN1.
We will keep the msgA PUSCH allocation/configuration FFS until RAN1 has provided RAN2 with a full list of parameters.
[bookmark: _Toc21032199]Keep msgA allocation/configuration FFS until RAN1 has provided RAN2 with a full list of parameters.

Configuration of dedicated 2-step RA for handover and BFR
For the dedicated configuration of 2-step RA for handover should preferably follow the same above-described principle of creating a separate IE/parameter structure for 2-step RA configuration in parallel with the existing one for 4-step RA. 
For the RACH configuration for BFR the situation is somewhat different. The RA configuration for BFR consists of the four IEs/parameters RACH-ConfigBFR, ssb-perRACH-Occasion, ra-ssb-OccasionMaskIndex and ra-Prioritization, all being included in the BeamFailureRecoveryConfig IE. Separate versions of these IEs/parameters should be specified for the purpose of configuring 2-step RA for BFR and they should all be included in the BeamFailureRecoveryConfig IE (albeit optional). If a msgA PUSCH configuration parameter structure is not included in the TwoStepRACH-ConfigGeneric, it should be included separately in the BeamFailureRecoveryConfig. 
This separate configuration of 2-step RA and 4-step RA enables beam-specific support for 2-step and 4-step RA respectively when a UE accesses a target cell during a handover and during BFR.
[bookmark: _Toc20906359][bookmark: _Toc21032193]Separate configurations of 2-step RA and 4-step RA for handover and BFR enables beam-specific support for 2-step and 4-step RA respectively when a UE accesses a target cell during a handover and during BFR.
[bookmark: _Toc21032200]A new IE TwoStepCFRA should be introduced.
[bookmark: _Toc20906577][bookmark: _Toc20988400][bookmark: _Toc21032201]Extend the BeamFailureRecoveryConfig IE.

Conclusion
In section 2 we made the following observations:
Observation 1	Implementing the 2-step RA in a similar way as 4-step RA will require many changes to multiple IEs.
Observation 2	Whether a BWP with 2-step only should be possible needs to be discussed.
Observation 3	Introducing new parallel RACH configuration for the most basic IEs corresponding to the existing RACH configuration IEs for 4-step RA is a clean design principle, facilitating backwards compatibility while maintaining configuration flexibility, while reusing some configurations eases the implementation burden.
Observation 4	The specific msgA PUSCH configuration parameters are to a large extent the responsibility of RAN1.
Observation 5	Separate configurations of 2-step RA and 4-step RA for handover and BFR enables beam-specific support for 2-step and 4-step RA respectively when a UE accesses a target cell during a handover and during BFR.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to agree on the outline of the CR and to take the draft CR as a baseline.
Proposal 2	Specify a new TwoStepRACH-ConfigGeneric IE to be configured in parallel with the existing RACH-ConfigGeneric IE.
Proposal 3	The TwoStepRACH-ConfigGeneric IE should contain 2-step RA configuration parameters corresponding to the 4-step RA configuration parameters in the RACH-ConfigGeneric IE.
Proposal 4	Specify a new TwoStepRACH-ConfigCommon IE to be configured in parallel with the existing RACH-ConfigCommon IE.
Proposal 5	The TwoStepRACH-ConfigCommon IE should contain 2-step RA configuration parameters corresponding to the 4-step RA configuration parameters in the RACH-ConfigCommon IE, as well as parameters related to configuration of msgA PUSCH.
Proposal 6	Keep msgA allocation/configuration FFS until RAN1 has provided RAN2 with a full list of parameters.
Proposal 7	A new IE TwoStepCFRA should be introduced.
Proposal 8	Extend the BeamFailureRecoveryConfig IE.
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