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Introduction
In RAN#82 [1], a WID on New work item: 2-step RACH for NR has been approved. Based on the WID, the following objectives are needed to be specified.
	· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
xxxx
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)



In RAN1#96 [2], the following agreement were made:
	Agreements:
· [bookmark: OLE_LINK6]The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH



In this paper, we discuss some potential issues with RACH type selection between 2-steps and 4-steps RACH/CFRA, and provide our considerations.
RACH resource selection in Rel-15
Based on the TS 38.321 [3], before performing initial preamble transmission or preamble retransmission, SSB/CSI-RS selection and RACH resource (e.g. T/F resource and preamble) selection should be performed one after another according to the time order. If random access is considered unsuccessful completed, the UE will go to SSB/CSI-RS selection and RACH resource selection again in order to perform a preamble retransmission. One example is showed in figure 1.


Figure 1: RACH resource selection in Rel-15

During RACH resource selection for initial preamble transmission and preamble retransmission, three kinds of scenarios where CFRA can be configured and the switching between CFRA and CBRA is possible as showed in figure 2:
· Option 1 (handover/SCG change/beam failure recovery): RACH type selection for initial preamble transmission and preamble retransmission is determined based on selected SSB/CSI-RS (pre-defined rule 1) i.e. random access type can be switched between 4-steps RACH and CFRA based on outcome of SSB/CSI-RS selection; after the UE select a SSB/CSI-RS based on the SS-RSRP/CSI-RSRP, if only one RACH type is associated with this selected SSB/CSI-RS, the UE has to perform a RACH type (4-steps CBRA or CRA) associated with this selected SSB/CSI-RS. If both 4-steps RACH and CFRA are associated with this selected SSB/CSI-RS, CFRA prioritises to 4-steps RACH. This option can be applicable to RA triggers as handover, SCG change and beam failure recovery (not configured with beamFailureRecoveryTimer). The advantage of this option is the UE can update the best DL beam timely to receive the RA response when the UE is moving while the disadvantage is more latencies may be needed.
· Option 2 (beam failure recovery): RACH type selection is based on a timer beamFailureRecoveryTimer which is configured for beam failure recovery (pre-defined rule 2); the timer is started when random access is initiated for beam failure recovery. CFRA can only performed when the timer is running and the switching between CFRA and CBRA can only happen when the timer is running. This option is only applicable to RA triggers as beam failure recovery. The advantage of this option is fast while the disadvantage is more overhead since CFRA resources associated with multiple SSB/CSI-RS are needed.
· Option 3 (PDCCH order): RACH type selection and SSB are signalled by network (network signalled), e.g. PDCCH order. Either a dedicated preamble for CFRA or non-dedicated preamble for 4-step RACH is signalled by PDCCH order. When a dedicated preamble is signalled in PDCCH order, i.e. not 0x000000, to accelerate random access, the UE will always use CFRA resource for initial preamble transmission and preamble retransmission and shall not use 4-step CBRA preambles received from SIB1, i.e. cannot allow to switch random access type between 4-step CBRA and CFRA; when non-dedicated preamble is signalled in PDCCH order, i.e. 0x000000, the UE will always use 4-steps CBRA resource for initial preamble transmission and preamble retransmission. This option is only applicable to RA triggers as PDCCH order. The advantage of this option is fast while the network should make sure the DL beam to receive the PDCCH order is good for RA response reception while the disadvantage is the UE may move out of the indicated SSB coverage which causes RAR reception failure. Under this mechanism, there is no switching between CFRA and 4-steps CBRA
Observation    both pre-defined RACH type selection and network signalled RACH type selection between 4-steps RACH and CFRA are supported in Rel-15.


Figure 2: switching between CFRA and 4-steps CBRA
Potential impacts when introducing of two-step RACH
To accelerate connection setup/resume procedure, and achieve efficient channel access in NR-U compared to four-steps RACH, two-steps RACH is introduced. In two-steps RACH, only two messages are transmitted and the messages in time order are named msgA and msgB agreed during SI stage [4]. The msgA is a preamble and a payload including the equivalent information which is transmitted in msg3 for 4-step RACH. The msgB is for contention resolution for CBRA with a possible payload. 
Furthermore RAN1 agreed [2] “The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH”. When two-step RACH is introduced, we believe SSB selection are performed before performing RACH resource selection as Rel-15. 
As for RACH resource selection, the question arises how many types of random access resource for initial preamble transmission and preamble retransmission can be configured within UE considering the following cases when introducing of two-step RACH as showed in table 1.
Table 1: Cases for RACH selection when introducing two-step RACH
	case
	RACH resource for 2-steps
	RACH resource for 4-steps
	CFRA resource
	Random access trigger

	1
	 configured
	 not configured
	 not configured
	Handover

	2
	 configured
	 configured
	 not configured
	All CBRA triggers

	3
	 configured
	 not configured
	 configured
	[bookmark: OLE_LINK86]Handover, BFR, PDCCH order?

	4
	 configured
	 configured
	 configured
	Handover, BFR, PDCCH order?



We believe all the above cases should be supported considering different use cases, e.g. for idle UE/inactive UE, since both Rel-16 and Rel-15 UEs can camp into this cell, considering backward compatible for Rel-15 UEs, both 4-steps RACH resource and 2-step RACH resource should be broadcasted via SIB1, e.g. for initial access of idle UEs or mode transition of inactive UEs. Note RAN2 agreed at least for initial access the two-step RACH resource can be broadcasted via system information during SI stage [4]. For Rel-16 UEs supporting of two-step RACH, it can read the SIB1 to obtain both two-step RACH resource and four-step RACH resource, i.e. case 2 needs to be supported. For connected UEs, if the random access is initiated due to handover/SCG change/beam failure recovery/PDCCH order, it should be decided by network whether 4-steps/2-steps CBRA resource and/or CFRA resource should be allocated to the UE as Rel-15 e.g. considering trade-off between the random access resource overhead (e.g. limited CFRA resource) and the requirement of random access latency, i.e. case 1/3/4 need to be supported. As for how to distinguish the 2-step RACH resource and 4-steps RACH resource (based on separated preamble and/or time-frequency resource), our company contribution [5] was discussed. Therefore RAN2 needs to confirm the cases to be supported when introducing of two-step RACH.
1. [bookmark: _GoBack]RAN2 confirms that all the following possible configurations to be supported in two-steps RACH
	
	RACH resource for 2-steps
	RACH resource for 4-steps
	CFRA

	1
	 configured
	 not configured
	 not configured

	2
	 configured
	 configured
	 not configured

	3
	 configured
	 not configured
	 configured

	4
	 configured
	 configured
	 configured



The next question is which type of random access resource should be selected for initial preamble transmission and preamble retransmission considering the above cases during one random access procedure? We are going to discuss this issue separately.
How to determine RACH resource for initial preamble transmission
In Rel-15, for initial preamble transmission, both predefined rule and network signaled based RACH type selection between CFRA and 4-step CBRA are supported considering different random access triggers as mentioned in section 2.  RAN2 agreed random access triggers used to 4-step CBRA can be applicable to two-step CBRA. In that case we believe both predefined rule and network signaled based RACH type selection among CFRA, 4-steps CBRA and 2-steps CBRA can be supported for the same motivations considering different random access triggers. 
· For predefined rule, it can be SSB/CSI-RS based predefined rule as Rel-15 or new rules considering requirements for random access trigger for each RRC mode (idle/inactive/connected). Since the 2-steps RACH have some advantages on latency reduction compared to 4-steps CBRA, the predefined rule between 2-step CBRA and 4-step CBRA can take into account the random access latency. FFS the detail of predefined rule: SSB/CSI-RS based or some new rules. 
· For network signaled, it is signaled by network which type of RACH resource is used to perform the initial preamble transmission for different random access triggers, either 2-step RACH, 4-steps RACH or CFRA (note either 4-steps RACH or CFRA signaled by network were supported in Rel-15) is used. 
1. Both predefined rule and network signaling based RACH type selection between CFRA, 4-step CBRA and 2-step CBRA are supported for initial preamble transmission. FFS the predefined rule and network signaling
Switching between multiple random access types resource for preamble retransmission
After the (initial) preamble transmission, the random access may not be successful completed, e.g. due to RAR in four-step/MsgB in two-step reception failure or contention resolution failure. In that case the UE needs to perform RACH resource selection for preamble retransmission again. The question is whether the UE is allowed to select a RACH resource of a RACH resource type is different from RACH resource type of the previous preamble transmission (e.g. switching from two-step RACH resource to four-step RACH resource). The following options on switching between different RACH types need to be discussed. Especially we are going to discuss this with three cases: both 2-steps RACH resource and 4-step RACH resource are configured; both 2-steps RACH resource and CFRA resource are configured; both CFRA resource, 2-steps RACH resource and 4-step RACH resource are configured.
· [bookmark: OLE_LINK9]When both 2-steps RACH resource and 4-step RACH resource are configured, the switching during one random access procedure includes four options as below:
· Option 1-1: 2-steps RACH resource and 4-steps RACH resource can be switched based on predefined rule. E.g. this option can be applicable to the initial preamble is determined by predefined rule as described in section 3.1. FFS the predefined rule for switching and initial preamble transmission
· Option 1-2: 2-steps RACH resource can be switched to 4-steps RACH resource based on predefined rule while 4-steps RACH resource cannot be switched to 2-steps RACH resource. E.g. this option can be applicable to the initial preamble is determined by predefined rule as described in section 3.1. FFS the predefined rule for switching and initial preamble transmission
· Option 1-3: 4-steps RACH resource can be switched to 2-steps RACH resource based on predefined rule while 2-steps RACH resource cannot be switched to 4-steps RACH resource. E.g. this option can be applicable to the initial preamble is determined by predefined rule as described in section 3.1. FFS the predefine rule for switching and initial preamble transmission
· Option 1-4: 2-steps RACH resource and 4-steps RACH resource cannot be switched. Only one RACH type is used all the time when the RACH type for the initial preamble transmission is determined as described in section 3.1. The RACH type information used to perform random access can be signalled by network.
· [bookmark: OLE_LINK7]When both 2-steps RACH resource and CFRA are configured, the switching as showed in figure 3 during one random access procedure includes four options as below:
· Option 2-1: 2-steps RACH resource and CFRA resource can be switched based on predefined rule. E.g. this option can be applicable to the initial preamble is determined by predefined rule as described in section 3.1. FFS the predefined rule for switching and initial preamble transmission
· Option 2-2: 2-steps RACH resource can be switched to CFRA resource based on predefined rule while CFRA resource cannot be switched to 2-steps RACH resource. E.g. this option can be applicable to the initial preamble is determined by predefined rule as described in section 3.1. FFS the predefined rule for switching and initial preamble transmission
· [bookmark: OLE_LINK27]Option 2-3: CFRA resource can be switched to 2-steps RACH resource based on predefined rule while 2-steps RACH resource cannot be switched to CFRA resource. E.g. this option can be applicable to the initial preamble is determined by predefined rule as described in section 3.1. FFS the predefined rule for switching and initial preamble transmission
· [bookmark: OLE_LINK8]Option 2-4: 2-steps RACH resource and CFRA resource cannot be switched. Only one RACH type is used all the time when the RACH type for the initial preamble transmission is determined as described in section 3.1. The RACH type information used to perform random access can be signalled by network.
One example is showed in figure 3. For option 1-1 and option 2-1, it is similar with RACH resource selection for random access initiated by handover in Rel-15 with both CFRA resource and 4-step CBRA resource are configured. For option 1-2/1-3 and option 2-2/2-3, it is similar with RACH resource selection for random access initiated by Rel-15 beam failure recovery configured with beam failure recovery timer, CFRA resource and 4-step RACH resource considering random access latency. We believe that CFRA resource should prioritise to both 2-steps CBRA resource and 4-steps CBRA resource, and 2-step CBRA resource should prioritise to 4-steps CBRA resource considering random access latency. For option 1-4 and option 2-4, it is similar with RACH resource selection for random access initiated by PDCCH order in Rel-15, only one type of random access resource is used. It is suggested RAN2 to down-select one or more options among option 1-1, option 1-2, option 1-3 and option 1-4 for both 2-step RACH resource and 4-steps RACH resource are configured, and down-select one or more options among option 2-1, option 2-2, option 2-3 and option 2-4 for both 2-step RACH resource and CFRA resource are configured.
When both 2-steps RACH resource, 4-step RACH resource and CFRA are configured, the switching scheme is similar with the above discussions. 


Figure 3: switching between different RACH types 
1. RAN2 to down-select one or more options for switching between 2-steps RACH and 4-step RACH for preamble retransmission:
· Option 1-1: 2-steps RACH resource and 4-steps RACH resource can be switched based on predefined rule.
· Option 1-2: 2-steps RACH resource can be switched to 4-steps RACH resource based on predefined rule while 4-steps RACH resource cannot be switched to 2-steps RACH resource.
· Option 1-3: 4-steps RACH resource can be switched to 2-steps RACH resource based on predefined rule while 2-steps RACH resource cannot be switched to 4-steps RACH resource.
· Option 1-4: 2-steps RACH resource and 4-steps RACH resource cannot be switched.
1. RAN2 to down-select one or more options for switching between 2-steps RACH and CFRA for preamble retransmission:
· Option 2-1: 2-steps RACH resource and CFRA resource can be switched based on predefined rule.
· Option 2-2: 2-steps RACH resource can be switched to CFRA resource based on predefined rule while CFRA resource cannot be switched to 2-steps RACH resource.
· Option 2-3: CFRA resource can be switched to 2-steps RACH resource based on predefined rule while 2-steps RACH resource cannot be switched to CFRA resource.
· Option 2-4: 2-steps RACH resource and CFRA resource cannot be switched.
Fall back from two-step to msg3 in 4-steps
If four-step RACH resource is selected for initial preamble transmission or preamble retransmission, the UE will go to four-step RACH procedure defined in Rel-15. In four-steps RACH, the initial msg3 transmission is scheduled by RAR and the msg3 retransmission is scheduled by DCI addressed to Temporary C-RNTI when the initial msg3 transmission or msg3 retransmission is not successful decoded by the network. If CFRA resource is selected for initial preamble transmission or preamble retransmission, the UE will go to CFRA procedure defined in Rel-15. No changes are needed.
If two-step RACH resource is selected for initial preamble transmission or preamble retransmission and preamble is transmitted via two-step RACH resource, the network can indicate UE to fall back to msg3 in 4-step when the preamble of msgA is successful decoded while the payload of msgA is not which was agreed during SI stage. As for how to indicate the fall back, we believe whether to share between 2-step RACH resource and 4-steps RACH resource may impact the design of fall back and more RAN1 imports are needed. But anyway a mechanism is needed to support the fallback to msg3 in 4-steps. Some potential solutions are listed as following.
· Different RNTIs for MsgB with falling back to Msg3 in 4-step or without falling back to msg3 in 4-steps;
· Different search spaces/CORESETs for MsgB with falling back to Msg3 in 4-step or without falling back to msg3 in 4-steps;
· A new indication included in MAC PDU of msgB to distinguish MsgB with falling back to Msg3 in 4-step or without falling back to msg3 in 4-steps.
1. An explicit or implicit indication is needed to inform UE whether it needs to perform the fall back to msg3 in 4-step RACH.
The question comes after falling back to msg3 in four-steps, whether msg3 retransmission for msgA payload can be scheduled by DCI or not when the initial msg3 transmission or msg3 retransmission is not successful decoded by the network.. We believe it may be able to decrease the random access latency when it is supported as Rel-15. As for RNTI for this DCI reception, it can be indicated in a RAR message as Rel-15. In that case after falling back to msg3 in four-steps, the UE needs to monitor the PDCCH for this DCI for msg3 retransmission until contention resolution fails. When contention resolution fails, the UE will go back to SSB/CSI-RS selection and RACH resource selection for preamble transmission.
1. After falling back to msg3 in four steps, DCI-based msg3 retransmission for msgA payload can be supported as in Rel-15.
[bookmark: _Toc766283][bookmark: _Toc868954][bookmark: _Toc868994][bookmark: _Toc878629][bookmark: _Toc878642][bookmark: _Toc878706][bookmark: _Toc878720][bookmark: _Toc878730][bookmark: _Toc878761][bookmark: _Toc766284][bookmark: _Toc868955][bookmark: _Toc868995][bookmark: _Toc878630][bookmark: _Toc878643][bookmark: _Toc878707][bookmark: _Toc878721][bookmark: _Toc878731][bookmark: _Toc878762][bookmark: _Toc525565501][bookmark: _Toc465844068][bookmark: _Toc465844075][bookmark: _Toc465844076][bookmark: _Toc465844077][bookmark: _Toc465844078][bookmark: _Toc465844079]Conclusion
Based on the discussion we have the following observation:
Observation    both pre-defined RACH type selection and network signalled RACH type selection between 4-steps RACH and CFRA are supported in Rel-15.
Based on the discussion we propose the following:
Proposal 1 RAN2 confirms that all the following possible configurations to be supported in two-steps RACH.
	
	RACH resource for 2-steps
	RACH resource for 4-steps
	CFRA

	1
	 configured
	 not configured
	 not configured

	2
	 configured
	 configured
	 not configured

	3
	 configured
	 not configured
	 configured

	4
	 configured
	 configured
	 configured


Proposal 2 Both predefined rule and network signaling based RACH type selection between CFRA, 4-step CBRA and 2-step CBRA are supported for initial preamble transmission. FFS the predefined rule and network signaling
Proposal 3 RAN2 to down-select one or more options for switching between 2-steps RACH and 4-step RACH for preamble retransmission:
· Option 1-1: 2-steps RACH resource and 4-steps RACH resource can be switched based on predefined rule.
· Option 1-2: 2-steps RACH resource can be switched to 4-steps RACH resource based on predefined rule while 4-steps RACH resource cannot be switched to 2-steps RACH resource.
· Option 1-3: 4-steps RACH resource can be switched to 2-steps RACH resource based on predefined rule while 2-steps RACH resource cannot be switched to 4-steps RACH resource.
· Option 1-4: 2-steps RACH resource and 4-steps RACH resource cannot be switched.
Proposal 4 RAN2 to down-select one or more options for switching between 2-steps RACH and CFRA for preamble retransmission:
· Option 2-1: 2-steps RACH resource and CFRA resource can be switched based on predefined rule.
· Option 2-2: 2-steps RACH resource can be switched to CFRA resource based on predefined rule while CFRA resource cannot be switched to 2-steps RACH resource.
· Option 2-3: CFRA resource can be switched to 2-steps RACH resource based on predefined rule while 2-steps RACH resource cannot be switched to CFRA resource.
· Option 2-4: 2-steps RACH resource and CFRA resource cannot be switched.
Proposal 5 An explicit or implicit indication is needed to inform UE whether it needs to perform the fall back to msg3 in 4-step RACH.
Proposal 6 After falling back to msg3 in four steps, DCI-based msg3 retransmission for msgA payload can be supported as in Rel-15.
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