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1. [bookmark: _Toc18403966][bookmark: _Toc18404533][bookmark: _Toc18413600]Introduction
At RAN#85, the work item for 2-step RACH has been updated adding the CFRA support for HO [1]. So far, the progress in RAN2 for 2-step RACH assumed only the CBRA. CFRA to support HO in case of 2-step RACH would need some further work in RAN2. Based on the input contributions ([2], [3], [4], [5], [6], [7], [8], [9], [10], [11]) some of the open issues that need stage-2 level agreements are:
· CFRA procedure related aspects (impacts mainly MAC layer)
· Payload size for MSGA CFRA
· Support of rebuilding
· Inclusion of C-RNTI in MSGA
· Support of fallback
· RA type selection
· CFRA resource configuration (impacts mainly RRC but also some implications on MAC)
· How to configure the associated PUSCH resource
· Support of 4-step and 2-step CFRA at the same time
· [bookmark: _Hlk20396212]Support of 2-step CFRA and 2-step/4-step CBRA 
In this tdoc we summarise the above open issues and propose way forward on these. 
2. CFRA procedure related aspects
As agreed at RP#85, the objective of the WID includes specification of CFRA for HO. Hence, 2-step RACH CFRA is only applicable to connected mode. The UE will include the HO complete message along with other data (as per the logical channel prioritisation) in the MSGA. So, based on the agreements for connected mode for 2-step CBRA, the overall procedure for 2-step CFRA will look as in Figure 1.  


[bookmark: _Ref20395792]Figure 1: Overall procedure for HO with 2-step CFRA
Based on the above, the following proposal is made: 
[bookmark: _Toc23956175]For HO with 2-step CFRA, the UE will monitor the PDCCH of the target cell for the response from the gNB identified by the C-RNTI while the msgB-ResponseWindow is running. The RA procedure is considered successful upon reception of a transmission addressed to the C-RNTI containing at least the 12 bit TAC MAC CE. 
The other procedure related open issues are discussed in the following sub-sections.
2.1. Contents for MSGA and support of rebuilding
Given that the PUSCH payload for MSGA in case of HO can be provided in dedicated signalling it is feasible that the payload size for MSGA in case of HO is configured to be different (in most cases, slightly larger) than the payload size of the MSGA for CCCH case. However, if a larger payload size is configured, then we need to ensure that any switch/fallback to CBRA would still be supported (e.g. if suitable CFRA beam cannot be found for RA attempt). If a different size for payload is supported for CFRA compared to CBRA, then we need to support rebuilding (unless the same size is supported also for CBRA in connected mode). Note that if rebuilding is performed from a larger payload size to a smaller payload size using the Rel-15 rebuilding procedure, there is a potential for data loss. So, on the one hand a larger payload size will enable more data on MSGA, however this comes at the expense of extra complexity and/or data loss upon fallback. 
Based on the above, the following is proposed: 
[bookmark: _Toc23956176]RAN2 to discuss and agree one of the following options:
[bookmark: _Toc23956177]Option 1: Rebuilding is NOT supported: This means the CFRA payload size matches one of the payload sizes for CBRA and UE includes C-RNTI in MSGA for CFRA
[bookmark: _Toc23956178]Option 2: Rebuilding is supported: This means CFRA payload size can be different (either larger or smaller) than CBRA payload size. Rel-15 rebuilding mechanism is reused to rebuild the MSGA payload upon switch between CBRA <-> CFRA (in case of change from larger payload size to smaller payload size this will result in data loss and it is up to upper layers to recover this). UE does not include the C-RNTI MAC CE in MSGA for CFRA case (but includes this in the CBRA payload upon switch to 2-step CBRA – i.e. rebuilding will be used even if the payload size remains same).
2.2. Support of fallback
In case of 2-step CBRA in connected mode, the UE monitors both the C-RNTI and MSGB-RNTI. The MSGB-RNTI is monitored for the reception of the fallbackRAR. The fallback procedure is applicable when the gNB detects the preamble but not the payload in case of CBRA. However, since the gNB can identify the UE using the received preamble, it can schedule the UE using C-RNTI even if the MSGA payload is lost. Thus, there is no need to support fallback operation for CFRA from procedural perspective. However, supporting fallback will enable a unified procedure between CFRA and CBRA and will enable the gNB to provide the TA and UL grant in the MAC RAR. Based on the above, RAN2 is proposed to discuss the following
[bookmark: _Toc23956179]In case of 2-step CFRA, once MSGA is transmitted, 
[bookmark: _Toc23956180]Option 1: the UE doesn’t monitor the MSGB-RNTI (i.e. no fallback)
[bookmark: _Toc23956181]Option 2: the UE monitors MSGB-RNTI (in addition to C-RNTI – i.e. same as CBRA)
2.3. Overall procedure for 2-step CFRA
The RSRP threshold used for RA type selection is a cell level threshold. On the other hand, the CFRA resources are configured per beam. So, it is possible that the whilst the cell level RA type threshold is not suitable for 2-step RACH, there is a suitable 2-step CFRA beam available (in which case, the UE should perform 2-step CFRA procedure). I addition to this, the following features of 2-step CBRA should also be inherited in the 2-step CFRA procedure: 
· The RA_TYPE selection is only performed once and the selected RA_TYPE is used in the rest of the procedure
· UE switches to 4-step RA if 2-step RA fails “N” times
· If the UE switches to 4-step RA for whatever reason, it doesn’t come back to 2-step RA
One further question is whether the RA_TYPE selection performed in this case is based on the RSRP threshold or whether it is predetermined (e.g. configured by the network or always set to be 2-step RACH when 2-step CFRA resource is configured). 
Incorporating the above features into the over all procedure for CFRA, we have the following proposal: 
[bookmark: _Toc23956182]
· [bookmark: _Toc23956183]Step 0: The UE determines the RA type
· [bookmark: _Toc23956184]Alt1: based on the cell level RSRP threshold (i.e. 2-step vs 4-step)
· [bookmark: _Toc23956185]Alt2: RA type is always determined to be 2-step RA if 2-step CFRA is configured in HO
· [bookmark: _Toc23956186]Alt3: Whether to use the RSRP threshold or not is configured (e.g. in the HO command)
· [bookmark: _Toc23956187]The UE then searches for a suitable CFRA beam with configured 2-step CFRA resources
· [bookmark: _Toc23956188]If a suitable beam is found, then 2-step CFRA is attempted on the beam
· [bookmark: _Toc23956189]If no suitable beam is found, CBRA is performed using the RA type determined in step 0
[bookmark: _Toc23956190]Note 1: if 2-step RA is selected, switch back to 2-step CFRA can be possible in the next attempt if a suitable CFRA beam is found (same as legacy 4-step CFRA to CBRA switching)
[bookmark: _Toc23956191]Note 2: RA type selection is only performed once like in CBRA (i.e. if 4-step RA is selected then UE will not come back to 2-step – same as 2-step CBRA). 
[bookmark: _Toc23956192]Note 3: if 2-step RA is selected, then UE can switch to 4-step RA after “N” failures (again like 2-step CBRA)
The overall procedure is as shown below: 

 
Figure 2: Overall procedure for CFRA
3. CFRA resource configuration
3.1. Configuration of the associated PUSCH resources
In case of 4-step RACH, CFRA resources could be associated with SSB or CSI-RS. Similar approach can be adopted also for 2-step CFRA. So, we propose the following: 
[bookmark: _Toc23956193]Both SSB and CSI-RS based 2-step CFRA will be supported
Based on the current design for MSGA, there will be two resource pools for 2-step RACH:
· Preamble Resource Pool: This is a set of PRACH occasions and preambles similar to the 4-step RACH. The Preamble Resource pool for 2-step RACH can either share the resource pool with 4-step RACH or have a separate resource pool for 2-step RACH specifically according to current RAN1 agreements. 
· PUSCH Resource Pool: The PUSCH resource pool will contain one or more PUSCH Resource Units (PRUs), which are used to transmit the MSGA payload. Each PRU will be mapped to one or more preambles in the PRACH resource pool. A mapping rule defined in RAN1 will be used for this purpose. 
In case of 2-step CBRA, preamble resource pool and the PUSH resource pool configuration will be provided in the SIB1. The UE then determines the PRU mapped to a given preamble based on the mapping rules which will be defined in the RAN1 specs. In case of CFRA, we can reuse the same framework. However, there is no need to signal the PRUs associated with the CFRA preambles in SIB1. Instead, the configuration for the PRUs for CFRA can be included directly in dedicated signaling (i.e. the HO command) along with the dedicated preamble. 
[bookmark: _Toc23956194]The PUSCH resource for 2-step CFRA associated with the dedicated preamble will be configured to the UE via dedicated signalling (i.e. will not be included in SIB1). 
3.2. Support of various RA types on a given BWP
Considering that the performance of preamble can be similar for 2-step RACH and 4-step RACH, and once the UE specific PUSCH resource is reserved for MSGA transmission, it will be wasted if the 4-step CFRA is selected by UE, we do not see any benefit to allow simultaneous configuration of 2-step CFRA resource and 4-step CFRA resource on the same BWP. Therefore, the following is proposed:
[bookmark: _Toc23956195]The NW can either configure 2-step CFRA resource or 4-step CFRA resource for HO (i.e. NW does not configure both of them simultaneously in the RACH-ConfigDedicated)
In 4-step RACH, the 4-step CFRA can only be configured on the BWP with 4-step CBRA resource, in which case, if no qualified SSB/CSI-RS with 4-step CFRA resource can be detected, the UE can fallback to 4-step CBRA without BWP switch. 
In case of 2-step CBRA, we have already agreed that 2-step CBRA resource can be configured without 4-step CBRA resource on a given BWP. Then the question is whether NW is allowed to configure 2-step CFRA on the BWP on its own (i.e. without any CBRA resource). Given that in Rel-15 CFRA can only be configured with CBRA, it is logical to keep this principle and to require at least to configure a CBRA resource too. So, the following proposal is made: 
[bookmark: _Toc23956196]NW configures 2-step CFRA resource only on BWP with a CBRA resource – either 2-step CBRA or 4-step CBRA (i.e. for HO, 2-step CFRA can be configured to be used on the firstActiveBWP only if the BWP has either 2-step CBRA resource or 4-step CBRA resource) 
4. Conclusion and proposals
The following proposals are made:
Proposal 1:	For HO with 2-step CFRA, the UE will monitor the PDCCH of the target cell for the response from the gNB identified by the C-RNTI while the msgB-ResponseWindow is running. The RA procedure is considered successful upon reception of a transmission addressed to the C-RNTI containing at least the 12 bit TAC MAC CE.
Proposal 2:	RAN2 to discuss and agree one of the following options:
	Option 1: Rebuilding is NOT supported: This means the CFRA payload size matches one of the payload sizes for CBRA and UE includes C-RNTI in MSGA for CFRA
Option 2: Rebuilding is supported: This means CFRA payload size can be different (either larger or smaller) than CBRA payload size. Rel-15 rebuilding mechanism is reused to rebuild the MSGA payload upon switch between CBRA <-> CFRA (in case of change from larger payload size to smaller payload size this will result in data loss and it is up to upper layers to recover this). UE does not include the C-RNTI MAC CE in MSGA for CFRA case (but includes this in the CBRA payload upon switch to 2-step CBRA – i.e. rebuilding will be used even if the payload size remains same).
Proposal 3:	In case of 2-step CFRA, once MSGA is transmitted,
Option 1: the UE doesn’t monitor the MSGB-RNTI (i.e. no fallback)
Option 2: the UE monitors MSGB-RNTI (in addition to C-RNTI – i.e. same as CBRA)
Proposal 4:
· Step 0: The UE determines the RA type
o Alt1: based on the cell level RSRP threshold (i.e. 2-step vs 4-step)
o Alt2: RA type is always determined to be 2-step RA if 2-step CFRA is configured in HO
o Alt3: Whether to use the RSRP threshold or not is configured (e.g. in the HO command)
· The UE then searches for a suitable CFRA beam with configured 2-step CFRA resources
o If a suitable beam is found, then 2-step CFRA is attempted on the beam
o If no suitable beam is found, CBRA is performed using the RA type determined in step 0
Note 1: if 2-step RA is selected, switch back to CFRA can be possible in the next attempt if a suitable CFRA beam is found (same as legacy 4-step CFRA to CBRA switching)
Note 2: RA type selection is only performed once like in CBRA (i.e. if 4-step RA is selected then UE will not come back to 2-step – same as 2-step CBRA).
Note 3: if 2-step RA is selected, then UE can switch to 4-step RA after “N” failures (again like 2-step CBRA)
Proposal 5:	Both SSB and CSI-RS based 2-step CFRA will be supported
Proposal 6:	The PUSCH resource for 2-step CFRA associated with the dedicated preamble will be configured to the UE via dedicated signalling (i.e. will not be included in SIB1).
Proposal 7:	The NW can either configure 2-step CFRA resource or 4-step CFRA resource for HO (i.e. NW does not configure both of them simultaneously in the RACH-ConfigDedicated)
Proposal 8:	NW configures 2-step CFRA resource only on BWP with a CBRA resource – either 2-step CBRA or 4-step CBRA (i.e. for HO, 2-step CFRA can be configured to be used on the firstActiveBWP only if the BWP has either 2-step CBRA resource or 4-step CBRA resource)
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