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Configuration aspects for 2-step RACH
ISSUE 1: Support of preamble grouping in 2-step CBRA
The following agreements were made by email approval after RAN1#98.
----------------------------------------- From status report RP-191676 start ------------------------------------------
· For RRC_INACTIVE/IDLE state, at least support up to two msgA PUSCH configurations for Rel.16
· Using different preamble groups for the indications of different configurations in case of two configurations
· Support of more than two configurations is not precluded, and if supported FFS the following mechanisms for the indications of different configurations
· Alt.1: Using different preamble groups
· Alt 2: Using different preamble groups and/or RO partitioning
· Alt.3: Using UCI based indication
· Alt. 4: Using different DMRS ports/sequences
· At least up to two msgA PUSCH configurations are supported for RRC_CONNECTED state for Rel.16
· FFS details
· FFS whether the MsgA PUSCH configurations are the same among different RRC states (IDLE, INACTIVE, CONNCETED)
· FFS the rule or BS signaling the criterion for the UE’s selection of msgA PUSCH configuration
----------------------------------------- From status report RP-191676 end ------------------------------------------
It can be observed that the support of preamble grouping has already been agreed in RAN1, and different PUSCH configurations can be configured for different preamble group to support different TB size. 
For UE in IDLE/INACTIVE mode, since the segmentation is not supported for UL CCCH message, having multiple TB size is useful for the transmission of UL CCCH message. Considering the size of UL CCCH message is fixed and we only have two different size for UL CCCH message (i.e. 48bits and 64bits), we think two preamble groups are enough for 2-step CBRA for IDLE/INACTIVE. 
For UE in CONNECTED mode, since 2-step CFRA has already been agreed as part of the WI, different TB size can be configured as 2-step CFRA resource instead of 2-step CBRA resource in handover procedure. Also considering the segmentation function is supported for UL DCCH, segmentation can be used anyway if the UL grant can not satisfy the UL DCCH message. Therefore, we don’t see the urgent need to support additional TB size for CONNECTED UE specifically.
In addition, it has been agreed in RAN2 that:
· 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).
In 2-step CBRA, if different TB size can be provided for UE in IDLE/INACTIVE and CONNECTED, to ensure the UL grant in fallback RAR is the same as the TB size used for payload transmission in MsgA, the NW need to distinguish the TB size based on preamble received. However, having more than two preamble group will lead to considerable negative impact on the possibility of collision and preamble efficiency. Also considering that only two preamble group can be supported in 4-step CBRA, if more than two TB size is supported in 2-step CBRA, then MAC PDU re-generation will be required in case UE fallback from 2-step CBRA to 4-step CBRA, which is not the expected behaviour.
Therefore, we think 2 preamble groups are sufficient for the 2-step CBRA, and the preamble group should be common for UE in IDLE/INACTIVE/CONNECTED state. Once preamble B is configured, one IE (e.g. numberOfRA-PreamblesGroupA-2StepRACH) shall be used to indicate the number of preamble reserved for preamble group A for each SSB.
Proposal 1: Preamble grouping is supported for 2-step CBRA and the preamble group is common for UE in IDLE/INACTIVE/CONNECTED mode (i.e. the signalling does not support the configuration of preamble group which is applicable for UE in RRC_CONNECTED only).
Proposal 2: For 2-step CBRA, up to two preamble groups can be configured (i.e. group A and group B). Once preamble B is configured, one IE (e.g. numberOfRA-PreamblesGroupA-2StepRACH) shall be used to indicate the number of preamble reserved for preamble group A for each SSB
Once two preamble groups are configured for 2-step CBRA, one issue is how to process the group selection between group A and group B. In 4-step RACH, the following rule is used in the preamble type selection.
--------------------------------------------------- From 38.321 start ---------------------------------------------
2>	if Msg3 has not yet been transmitted:
3>	if Random Access Preambles group B is configured:
4>	if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroupB; or
4>	if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC subheader is greater than ra-Msg3SizeGroupA:
5>	select the Random Access Preambles group B.
4>	else:
5>	select the Random Access Preambles group A.
3>	else:
4>	select the Random Access Preambles group A.
2>	else (i.e. Msg3 is being retransmitted):
3>	select the same group of Random Access Preambles as was used for the Random Access Preamble transmission attempt corresponding to the first transmission of Msg3.
--------------------------------------------------- From 38.321 end ---------------------------------------------
For the preamble group selection in 4-step CBRA, it can be observed that:
· For the UE in connected mode, both the potential Msg3 size and the expected transmission power will be considered. Since segmentation is supported for DCCH/DTCH, the UE can select smaller preamble group related to smaller TB size (i.e. group A) in case the expected transmission power for preamble group can not be achieved.
· For the case that CCCH message will be included in Msg3, since the segmentation is not supported for UL CCCH message, the UE will select group B in case the CCCH SDU size plus MAC subheader is greater than ra-Msg3SizeGroupA
We think the rules defined in 4-step CBRA above are still valid for the preamble group selection in 2-step CBRA. In addition, in order to avoid the regeneration of MAC PDU after fallback from 2-step CBRA to 4-step CBRA, it would be nice to align the preamble group selection rule between 4-step CBRA and 2-step CBRA, in which case the same preamble group will be selected after fallback from 2-step CBRA to 4-step CBRA.
Proposal 3: The preamble group selection rule defined for 4-step CBRA will be reused as baseline for the preamble group selection 2-step CBRA.
· For the case that CCCH is included in MsgA, the group B shall be selected in case the CCCH SDU size plus MAC subheader is greater than ra-MsgASizeGroupA
· For the case that C-RNTI is included in MsgA, the group B shall be selected in case that:
· The potential MsgA payload size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-MsgASizeGroupA
· The expected transmission power can be satisfied (detail is up to RAN1)
For the preamble group configured for 2-step RACH. One further issue is whether the preamble groups and the corresponding MSGA payload sizes can be configured in 2-step CBRA only (i.e. the corresponding payload sizes and hence the preamble groups are not configured for 4-step CBRA). Since different preamble group will be linked to different TB size, if a given preamble group is configured in 2-step CBRA but not in 4-step CBRA (or vise versa), then MAC PDU regeneration seems inevitable upon fallback, which is not the expected behaviour. In addition, even if both 2-step CBRA and 4-step CBRA are configured, but the corresponding payload sizes (i.e. the ra-MsgASizeGroupA and ra-Msg3SizeGroupA) are different, then the preamble group selection will need to be executed again after fallback from 2-step CBRA to 4-step CBRA, and the MAC PDU regeneration will be required. Considering that, the payload size of MSGA/MSG3 in a given cell will be configured according to the cell size and based on whether full IRNTI size is supported in the cell or not, it is independent of whether UE uses 2-step or 4-step RACH. Thus, we don’t see a need to have separate IE for ra-MsgASizeGroupA and ra-Msg3SizeGroupA.
Therefore, as the following proposal is made:
Proposal 4: In 2-step CBRA, the preamble group B will be configured only if the preamble group B is configured in 4-step CBRA. The ra-Msg3SizeGroupA will be used in the preamble group selection in 2-step CBRA as well.
If proposal 5/6 are adopted, then both the preamble group selection rule and ra-Msg3SizeGroupA is the same for 2-step CBRA and 4-step CBRA. In addition, in order to avoid the MAC PDU generation, we think the TB size configured/granted for MsgA and Msg3 in 2-step CBRA and 4-step CBRA for preamble group B should be the same as well, with which assumption we think if the expected transmission power can be satisfied for MsgA transmission, it can be satisfied for Msg3 transmission for the same TB size as well. Therefore, we think once the preamble group selection has been made for MsgA transmission, the same preamble group can be selected in 4-step CBRA as well in case UE fallback from 2-step CBRA to 4-step CBRA.
Proposal 5: In 2-step CBRA, in case preamble group B is configured, and preamble group has been determined for the MsgA transmission, the UE should use the same preamble group after fallback from 2-step RACH to 4-step RACH.

ISSUE 2: RO configuration for 2-step RACH
For RO configuration, the following agreements have been made in RAN1:
----------------------------------------- From status report RP-191676 start ------------------------------------------
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
----------------------------------------- From status report RP-191676 end ------------------------------------------
Based on the agreements above, it can be concluded that both separate ROs and shared RO shall be supported for 2-step RACH. And separate analysis for the impact on RO resource configuration for 2-step RACH will be given in this section.

For the case of Shared RO
For the case of shared RO, the following agreements have been made in RAN1.
----------------------------------------- From status report RP-191676 start ------------------------------------------
For shared ROs with 4-step RACH and 2-step RACH configured with separate preambles:
· 2-step RACH preambles are allocated from the non-CBRA preambles associated with each SSB.
----------------------------------------- From status report RP-191676 end ------------------------------------------
Based on the agreement above, for each SSB, the preambles for 2-step RACH will be allocated after the preambles reserved for 4-step CBRA for the same SSB (i.e. within the preambles which are reserved for CFRA). To allocate the RA preambles for 2-step RACH to each SSB, one new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preambles reserved for 2-step CBRA for each SSB. 
Two examples are given as follows to illustrate the preamble allocation.

Figure 1: For the case ssb-perRACH-Occasion >1


Figure 2: For the case ssb-perRACH-Occasion <=1
Based on the proposal 1, we think preamble grouping shall be supported in 2-step CBRA. And once preamble group B is configured, one additional parameter will be required to indicate the number of preambles reserved for preamble group A (e.g. numberOfRA-PreamblesGroupA-2StepRACH). 
One example is given as follow:


Figure 3: For the case ssb-perRACH-Occasion >1, Group B is configured

Proposal 6: For the case of shared RO, the preambles for 2-step RACH will be reserved after the preambles reserved for 4-step CBRA for the same SSB, and a new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preamble reserved for 2-step CBRA for each SSB

For the case of separate ROs
If separate ROs are configured for 2-step RACH, then the configuration of separate preamble resource pool for 2-step RACH shall be allowed, and a RACH-ConfigGeneric for 2-step RACH or an IE similar to RACH-ConfigGeneric shall be introduced for 2-step RACH. 
Proposal 7: For the case of separate ROs, separate preamble resource pool for 2-step RACH shall be configured with separate RACH-ConfigGeneric or a similar IE (detailed content of the IE is FFS).
In addition, in 4-step RACH, separate resource pool can be configured for the following cases:
· Basic RA resource pool, which is configured in RACH-ConfigCommon
· RA resource pool for CFRA (e.g. in handover), which is configured in CFRA
· RA resource pool for beam failure recovery, which is configured in BeamFailureRecoveryConfig
· RA resource pool for SI request in on demand SI, which is configured in SI-RequestConfig
For 2-step RACH, since only CFRA for HO will be considered in this release and it has been agreed that the 2-step RACH is not applicable for Msg1 based SI request, we think separate preamble resource pool for beam failure recovery and SI request are not supported in this release.
Proposal 8: If CFRA is configured (if supported), separate preamble resource pool, other than the resource pool broadcasted in SIB1, can be configured for CFRA (e.g. handover).
Besides the configuration of preamble resource pool, one additional issue is the configuration of mapping between ROs and beams (i.e. SSB). In 4-step RACH, the mapping between RO and SSB us determined by the following two IEs 
· totalNumberOfRA-Preambles
· ssb-perRACH-OccasionAndCB-PreamblesPerSSB
The main intention of IE totalNumberOfRA-Preambles is to distinguish the preambles reserved for Msg1 based SI request. Since 2-step RACH is not applicable for Msg1 based SI request, the IE “totalNumberOfRA-Preambles” seems not necessary. However, to have a more flexible and future proof design, (i.e. to reserve the preambles at the end of the preamble space for future use), we propose to reuse the two IEs “totalNumberOfRA-Preambles” and “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” to determine the mapping between ROs/preambles and SSBs .
[bookmark: _GoBack]Proposal 9: For the case that separate ROs are configured for 2-step RACH, reuse the two IEs “totalNumberOfRA-Preambles” and “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” to determine the mapping between ROs/preambles and SSBs.
Conclusions
Based on the discussion above, the following observations are shared: 

ISSUE 1: Support of preamble grouping in 2-step CBRA
Proposal 1: Preamble grouping is supported for 2-step CBRA and the preamble group is common for UE in IDLE/INACTIVE/CONNECTED mode (i.e. the signalling does not support the configuration of preamble group which is applicable for UE in RRC_CONNECTED only).
Proposal 2: For 2-step CBRA, up to two preamble groups can be configured (i.e. group A and group B). Once preamble B is configured, one IE (e.g. numberOfRA-PreamblesGroupA-2StepRACH) shall be used to indicate the number of preamble reserved for preamble group A for each SSB
Proposal 3: The preamble group selection rule defined for 4-step CBRA will be reused as baseline for the preamble group selection 2-step CBRA.
· For the case that CCCH is included in MsgA, the group B shall be selected in case the CCCH SDU size plus MAC subheader is greater than ra-MsgASizeGroupA
· For the case that C-RNTI is included in MsgA, the group B shall be selected in case that:
· The potential MsgA payload size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-MsgASizeGroupA
· The expected transmission power can be satisfied (detail is up to RAN1)
Proposal 4: In 2-step CBRA, the preamble group B will be configured only if the preamble group B is configured in 4-step CBRA. The ra-Msg3SizeGroupA will be used in the preamble group selection in 2-step CBRA as well.
Proposal 5: In 2-step CBRA, in case preamble group B is configured, and preamble group has been determined for the MsgA transmission, the UE should use the same preamble group after fallback from 2-step RACH to 4-step RACH.

ISSUE 2: RO configuration for 2-step RACH
Proposal 6: For the case of shared RO, the preambles for 2-step RACH will be reserved after the preambles reserved for 4-step CBRA for the same SSB, and a new IE (e.g. CB-PreamblePerSSB-2stepRACH) will be introduced to indicate the number of preamble reserved for 2-step CBRA for each SSB
Proposal 7: For the case of separate ROs, separate preamble resource pool for 2-step RACH shall be configured with separate RACH-ConfigGeneric or a similar IE (detailed content of the IE is FFS).
Proposal 8: If CFRA is configured (if supported), separate preamble resource pool, other than the resource pool broadcasted in SIB1, can be configured for CFRA (e.g. handover).
Proposal 9: For the case that separate ROs are configured for 2-step RACH, reuse the two IEs “totalNumberOfRA-Preambles” and “ssb-perRACH-OccasionAndCB-PreamblesPerSSB” to determine the mapping between ROs/preambles and SSBs.
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