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[bookmark: OLE_LINK99][bookmark: OLE_LINK98][bookmark: OLE_LINK71][bookmark: OLE_LINK72]According to the objectives of the 2-step RACH work item [1], RAN2 will need to specify the contention based 2-step RACH procedure, including how to perform contention resolution and fallback procedure in case the reception of msgA payload fails. The intention of this contribution is to analyse the overall procedure for 2-step RACH and identify any open issues, and to identify the work split between RAN1 and RAN2 for some of these cases.
For the MsgA transnmission
RA type selection between 2-step RACH and 4-step RACH
To support the legacy UEs, the 4-step RACH resource will be configured in a given cell anyway. In case both the 2-step RA configuration and 4-step RA configuration are broadcasted in system information, the RA type selection should to be considered. In order to have a clear UE behaviour, which is beneficial for gNB to control/balance the utilization of RACH resource for 2-step RACH and 4-step RACH, we think the selection between 2-step RACH and 4-step RACH shall be clearly specified (i.e. shall not be left to UE implementation).
Proposal 1: The selection between 2-step RACH and 4-step RACH shall be clearly specified (i.e. shall not be left to UE implementation).
For the RA type selection, the following two cases shall be considered:
· The initial RA type selection for the RACH procedure
· The RA type selection for the preamble retransmission

Initial RA type selection for the RACH procedure
For the initial RA type selection, the following alternatives can be considered:
· Alt1: UE supporting 2-step RACH will always select 2-step RACH as long as the "ReceivedTargetPower" can be achieved. 
· Alt2: RSRP measurements can be considered as selection criteria. 
For the alternative 1, the ReceivedTargetPower here represents the expected reception power for MsgA at the gNB receiver (it is up to RAN1 to determine the detail of ReceivedTargetPower), and it is assumed that the successful reception of msgA can be ensured once the ReceivedTargetPower is above certain threshold. Therefore, one way is to specify that the UE supporting 2-step RACH should always initiate 2-step RACH, in case the required “ReceivedTargetPower” can be achieved (i.e. above a threshold). 
For the alternative 2, similar as SUL selection, the RSRP thresholds can be introduced for RACH type selection as well (i.e. for UE with RSRP higher than the pre-configured threshold, 2-step RACH shall be selected). 
Proposal 2: For the RACH type selection, one of the following two alternatives shall be selected:
· Alt1: UE supporting 2-step RACH will always initiate 2-step RACH as long as the “ReceivedTargetPower”can be achieved. 
· Alt2: An RSRP threshold can be introduced for RA type selection between 2-step RACH and 4-step RACH. 
RA type selection for the preamble retransmission
Similar to 4-step RACH, the preamble transmission attempt may fail in 2-step RACH and preamble retransmission may be needed in that case. For the RA type selected in the preamble retransmission, the following three alternatives can be considered:
· Alt1: Always use the RA type selected for the initial preamble transmission in the RA procedure
· Alt2: Fallback to 4-step RACH in the preamble retransmission (i.e. always use 4-step RACH in preamble retransmission)
· Alt3: Do the RACH type selection again
For the alternative 1, although there are no agreements yet in RAN1, it looks very much likely that different "ReceivedTargetPower" can be configured for 2-step RACH and 4-step RACH, at least for the payload part. Also considering the fluctuating radio condition, even if the "ReceivedTargetPower" can be achieved in the initial preamble transmission for 2-step RACH, it is still possible that the "ReceivedTargetPower" cannot be achieved in the preamble retransmission. Therefore, we think the alternative 1 seems not feasible and the change of RA type selected should be allowed in the preamble retransmission.
For the alternative 2, although there is no clear agreement in RAN1, it looks very much likely that the preamble format used in 2-step RACH and 4-step RACH are almost the same. Thus, we think the reception performance of preamble can also be the same in 2-step RACH and 4-step RACH. Also considering the fallback procedure in 2-step RACH, once the preamble is detected the successfully, the UE can fallback to 4-step RACH based on the information received in MsgB. Therefore, we don’t see any benefit to mandate the use of 4-step RACH in preamble retransmission.
Based on the analysis above, we think the reselection of RA type should be allowed and the RA type selection procedure defined for initial preamble transmission shall be reused whenever the preamble retransmission is initiated.
Proposal 3: UE should do the RACH type selection again whenever the preamble retransmission is initiated.
Resource configuration & selection in MsgA transmission
Different from 4-step RACH, in addition to the preamble resources, the PUSCH resources for payload transmission will also be configured in case of 2-step RACH. In addition, some parameters for the mapping between preamble resources and PUSCH resources are also needed. However, since the detail of PUSCH resource for payload transmission and the mapping rule between preamble and PUSCH are still under discussion in RAN1, we think it is too early to start the discussion on this aspect and propose to postpone the discussion on resource configuration & selection until more input from RAN1 is received.
Proposal 4: Postpone the discussion on the resource configuration and selection in MsgA transmission (i.e. selection of preamble and PUSCH resource), until more information is received from RAN1.Even though the detail of resources for MsgA transmission is not clear, one thing that can be discussed in RAN2 now is whether separate resource pool can be configured for handover. In LTE, in order to provide more dense preamble resources in time domain, besides the RACH resource pool given in common RACH configuration, dedicated RACH resource pool can be configured for the purpose of handover (i.e. reconfiguration with sync) as well. Based on the similar consideration, we think the dedicated RACH resource pool for handover shall be supported in 2-step RACH as well. In addition, since different requirement on PUSCH resource may exist in case of initial access and mobility, different PUSCH resource for different TB size can also be considered for the different resource pool.
Proposal 5: In addition to the common 2-step RACH configuration, dedicated 2-step RACH resource pool can be configured for reconfiguration with sync.
Power ramping for MsgA transmission
Power ramping for 2-step RACH has been discussed in RAN1 in last meeting, and so far, no clear conclusion has been made yet. Since the design of power ramping mechanism is mainly a RAN1 issue, we propose to postpone the discussion about the power ramping of MsgA transmission, until more information is received from RAN1.
Proposal 6: Postpone the discussion about the power ramping of MsgA transmission, until more information is received from RAN1.
For the MsgB reception
MsgB reception window
Start of MsgB reception window
In NR R-15, RA response window will be started after the end of preamble transmission, within which the UE will continuously monitor PDCCH with correspondent RA-RNTI. For the 2-step RACH, we think the a similar mechanism can be reused in for MsgB reception. However, considering the MsgA of 2-step RACH contains both preamble and PUSCH transmission, it does not make sense for UE to monitor the PDCCH for MsgB reception before the UE finish the PUSCH transmission of MsgA. Therefore, we think the RA response window for MsgB shall be started after the end of PUSCH transmission of MsgA.
Proposal 7:The RA response window for MsgB reception shall be started after the transmission of PUSCH of MsgA.

As captured in WID [1], the MsgB is intended to carry equivalent information of Msg2 and Msg4 in 4-step RACH, which may include a RRC message responding to the RRC message included in MsgA (e.g. RRCSetup in response to the RRCSetupRequest), thus the RRC processing delay shall be considered. In addition, in case of CU-DU split deployment, considering the RRC message can only be treated in CU, the fronthaul delay between CU and DU shall be taken into account as well, which can be up to a few 10s of ms.
Observation 1: Since the MsgB includes the content of Msg2 and Msg4 in 4-step RACH, and the content of Msg4 may include RRC message which can only be generated in CU, the RRC processing delay and fronthaul delay between CU and DU shall be taken into account in the MsgB reception.
To handle this issue, the following alternatives can be considered:
· Alt1: Have a configurable offset to delay the start of RA response window. With this configurable offset, the NW can configure different delay offset for common 2-step RACH resource pool and dedicated 2-step RACH resource pool configured for reconfiguration with sync.
· Alt2: Enable the earlier monitoring of C-RNTI in case C-RNTI MAC CE is included in the payload of MsgA (i.e. no RRC response message expected) – applicable to CONNECTED state.
· In 2-step RACH, considering the C-RNTI MAC CE can be included in MsgA, if available, the NW can schedule the UE based on C-RNTI immediately after the reception of MsgA. Therefore, it is possible to activate the C-RNTI monitoring after the transmission of MsgA, even though the RA response window is not started. It is also worth noting that, even if the earlier C-RNTI monitoring is allowed, in order to receive the fallback indication (fallback to 4-step RACH) and backoff indication, the UE is still required to monitor the RA-RNTI.
· Alt3: Extend the RA response window to cover both the MsgB with/without RRC message
· If this option is chosen, we can reuse the design of RA response window as done in NR-U work item
Proposal 8: The RRC processing delay and fronthaul delay between CU and DU shall be taken into account in the MsgB reception, and the following alternatives can be further considered.
· Alt1: Have a configurable offset to delay the start of RA response window. 
· Alt2: Enable the earlier monitoring of C-RNTI in case C-RNTI MAC CE is included in the payload of MsgA.
· Alt3: Extend the RA response window to cover both the MsgB with/without RRC message.
Length of RA response window for MsgB reception
Besides the start of RA reception window, another issue is the exact length of RA response window. However, considering the discussion for the length of RA response window have already been kicked off in RAN1, and also considering the on-going discussion on the extension of RA response window in NR-U, we think the discussion on the length of RA response window can be postponed to avoid the parallel discussion and redundant the work.
Proposal 9: Postpone the discussion on the length of RAR window, and both the input from RAN1 and NR-U shall be taken into account.
Distinguishing the RA response for 2-step RACH and 4-step RACH
As discussed in [2], one MAC PDU should be allowed to include RA responses for multiple UEs. Then one issue is that whether the RA response for 2-step RACH and 4-step RACH can be included in one MAC PDU. Although there is no clear agreements, it is very much likely that the MAC sub PDU format of the RA response for Msg2 and MsgB will be different. Therefore, if the RA response for 2-step RACH and 4-step RACH are included in one MAC PDU, the UE should be able to distinguish the RA response for 2-step RACH from the RA response for 4-step RACH. However, even though we have R bit in the current RAR, based on the current specs, the legacy UE will ignore this R bit, thus it is not possible for the legacy UE to distinguish the RA response for 2-step RACH and 4-step RACH, and the legacy UE will always interpreted the MAC sub PDU in Msg2 as RA response for Msg2.
Observation 2: Since the R bit in the current RA response MAC PDU will be ignored by the legacy UE, legacy UE cannot distinguish the RA response for 2-step RACH and 4-step RACH based on the indicator in MAC PDU.
Therefore, RA response for 2-step RACH and 4-step RACH shall not be included in the same MAC PDU.
Proposal 10: The RA response for 2-step RACH and 4-step RACH shall not be included in one MAC PDU. 
Moreover, for the case that the RA response for 2-step RACH is received by the legacy UE (which can support 4-step RACH only), the RA response for 2-step RACH will be interpreted as the RA response for 4-step RACH by legacy UE, and this may lead to some unpredictable behaviour for these legacy UEs. 
Observation 3: Once the RA response for 2-step RACH is received by the legacy UE (which can support 4-step RACH only), the RA response for 2-step RACH will be interpreted as the RA response for 4-step RACH by legacy UE, and this may lead to some unpredictable behaviour for these legacy UEs.
To prevent legacy UEs from receiving RA response for 2-step RACH, the alternatives listed below can be considered：
· Alt1: Separate CORESET/Searchspace for Msg2 and MsgB reception
· Alt2: Separate RO for Msg1 and MsgA to avoid the collision of RA-RNTI
· Alt3: Different RA-RNTI for Msg2 and MsgB reception
For alt1, different CORESET/Searchspace can be configured for 2-step RACH and 4-step RACH separately. This alternative can easily separate the reception of MsgB and Msg2, but require to reserve more PDCCH resource.
For alt2, since Msg1 and MsgA is transmitted in different ROs, Msg2 and MsgB will be scrambled with different RA-RNTI, and the reception can be separated.
For alt3, an offset can be included in RA-RNTI calculated for MsgB, e.g.the maximum value of RA-RNTI specified in current specs, so that RA-RNTI range for MsgB reception will not be overlapped with that for Msg2 reception.
Proposal 11: The reception of RA response for 2-step RACH shall be avoided for the legacy UE. And the following alternatives can be considered:
· Alt1: Separate CORESET/Searchspace for Msg2 and MsgB reception
· Alt2: Separate RO for Msg1 and MsgA to avoid the collision of RA-RNTI
· Alt3: Different RA-RNTI for Msg2 and MsgB reception
Design of RA-RNTI
Since the design of RA-RNTI is closely related to the length of RA response window, we think the discussion on the design of RA-RNTI can be postponed until the length of RA response window is determined.
Proposal 12: Postpone the discussion on the design of RA-RNTI unless the length of RA response window is determined.
Contention resolution
For simplicity, contention resolution in 2-step RACH can be done by reusing the contention resolution solution defined in 4-step RACH. For the case CCCH message is included in MsgA, contention resolution ID will be included in MsgB for contention resolution. For the case C-RNTI is included in MsgA, contention resolution will be made by PDCCH addressed to the correspondent C-RNTI.
Proposal 13: The contention resolution solution used in 4-step RACH shall be reused for 2-step RACH:
· If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB, 
· If C-RNTI MAC CE is included in MsgA, then the contention resolution shall be made based on the PDCCH addressed to the C-RNTI
Fallback operation 
Fallback operation is needed to deal with the scenario where the preamble is successfully decoded but payload is not. In this case, it is preferable to allow the UE to fallback to 4-step RACH and avoid unnecessary retransmission of preamble. Considering that the procedure of 4-step RACH has already been well defined, to minimize the protocol impact, UE will take the same behavior as Msg2 is received in 4-step RACH in the case of fallback.
Proposal 14: In case fallback indication is received by UE (i.e. legacy RAR received instead of msgB), the UE shall fall back to legacy 4-step RACH and adopt the same behaviour as if the Msg2 is received in 4-step RACH. 
NR-U aspects
In general, the NR-U specific procedure for 2-step RACH shall follow the basic design principles per above as done for licensed operation. So, all the proposals in this contribution are equally applicable also to NR-U. Further, it is possible that some of the design elements of NR-U specific 4-step RACH procedure, such as the extended RAR window definition etc may be reused within the 2-step RACH framework as discussed above. 
Proposal 15: The general procedures for 2-step RACH as agreed above are applicable also to NR-U 
Conclusions
According the above discussion we have following observations: 
Observation 1: Since the MsgB includes the content of Msg2 and Msg4 in 4-step RACH, and the content of Msg4 may include RRC message which can only be generated in CU, the RRC processing delay and fronthaul delay between CU and DU shall be taken into account in the MsgB reception.
Observation 2: Since the R bit in the current RA response MAC PDU will be ignored by the legacy UE, legacy UE cannot distinguish the RA response for 2-step RACH and 4-step RACH based on the indicator in MAC PDU.
Observation 3: Once the RA response for 2-step RACH is received by the legacy UE (which can support 4-step RACH only), the RA response for 2-step RACH will be interpreted as the RA response for 4-step RACH by legacy UE, and this may lead to some unpredictable behaviour for these legacy UEs.
Based on the observations above we propose the following:
MsgA - RA type selection between 2-step RACH and 4-step RACH
Proposal 1: The selection between 2-step RACH and 4-step RACH shall be clearly specified (i.e. shall not be left to UE implementation).
Proposal 2: For the RACH type selection, one of the following two alternatives shall be selected:
· Alt1: UE supporting 2-step RACH will always initiate 2-step RACH as long as the “ReceivedTargetPower”can be achieved. 
· Alt2: An RSRP threshold can be introduced for RA type selection between 2-step RACH and 4-step RACH. 
Proposal 3: UE should do the RACH type selection again whenever the preamble retransmission is initiated.
MsgA - Resource selection in MsgA transmission
Proposal 4: Postpone the discussion on the resource configuration and selection in MsgA transmission (i.e. selection of preamble and PUSCH resource), until more information is received from RAN1.Proposal 5: In addition to the common 2-step RACH configuration, dedicated 2-step RACH resource pool can be configured for reconfiguration with sync.
MsgA - Power ramping for MsgA transmission
Proposal 6: Postpone the discussion about the power ramping of MsgA transmission, until more information is received from RAN1.
MsgB - MsgB reception window
Proposal 7:The RA response window for MsgB reception shall be started after the transmission of PUSCH of MsgA.
Proposal 8: The RRC processing delay and fronthaul delay between CU and DU shall be taken into account in the MsgB reception, and the following alternatives can be further considered.
· Alt1: Have a configurable offset to delay the start of RA response window. 
· Alt2: Enable the earlier monitoring of C-RNTI in case C-RNTI MAC CE is included in the payload of MsgA.
· Alt3: Extend the RA response window to cover both the MsgB with/without RRC message.
Proposal 9: Postpone the discussion on the length of RAR window, and both the input from RAN1 and NR-U shall be taken into account.
MsgB - Distinguish of the RA response for 2-step RACH and 4-step RACH
Proposal 10: The RA response for 2-step RACH and 4-step RACH shall not be included in one MAC PDU. 
Proposal 11: The reception of RA response for 2-step RACH shall be avoided for the legacy UE. And the following alternatives can be considered:
· Alt1: Separate CORESET/Searchspace for Msg2 and MsgB reception
· Alt2: Separate RO for Msg1 and MsgA to avoid the collision of RA-RNTI
· Alt3: Different RA-RNTI for Msg2 and MsgB reception
MsgB - Design of RA-RNTI
Proposal 12: Postpone the discussion on the design of RA-RNTI until the length of RA response window is determined.
MsgB - Contention resolution
Proposal 13: The contention resolution solution used in 4-step RACH shall be reused for 2-step RACH:
· If CCCH SDU was included in MsgA, then the contention resolution will be based on the contention resolution ID included in MsgB, 
· If C-RNTI MAC CE is included in MsgA, then the contention resolution shall be made based on the PDCCH addressed to the C-RNTI
MsgB – fallback operation
Proposal 14: In case fallback indication is received by UE (i.e. legacy RAR received instead of msgB), the UE shall fall back to legacy 4-step RACH and adopt the same behaviour as if the Msg2 is received in 4-step RACH. 
NR-U aspects
Proposal 15: The general procedures for 2-step RACH as agreed above are applicable also to NR-U 
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