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In RAN2#105bis, the following agreement was made on whether to use 2-step and 4-step RACH:
· Criteria on whether the UE uses 2-step RACH or 4-step RACH shall be clearly specified 
In the contribution, the criteria on whether the UE uses 2-Step RACH or 4-Step RACH during the initial transmission and subsequent retransmission are discussed. Also possible fallback scenarios are being analyzed and considered whether the 2-step RACH should be fallback to 4-step RACH in those scenarios. 
Criteria on whether UE uses 2-Step or 4-Step RACH
Network may want to control the amount of contention and/or UL interference using 2-Step RACH procedure, depending on how the radio resources for MsgA PUSCH are allocated. Hence it is beneficial for the network to configure which use cases/RA triggers to apply the 2-step CBRA procedure and which will use only 4-step CBRA procedure. 

Proposal#1: The network should be able to configure which random access triggers can initiate the 2-step CBRA procedure from the beginning when initiating RACH and which can apply only 4-step CBRA procedure.
Such network control can use SIB or dedicated DL signalling to indicate whether 2-step RACH should be applied to certain random access events. The SIB indication can be used to control the random access events related to transition from idle/inactive to connected as well as for RRC re-establishment, while dedicated signaling (such as RRC Reconfiguration message or PDCCH order) could be used for other random access events that occur in connected mode.
Proposal#2:  If proposal#1 is agreed for 2-step RACH, the RA triggers to use the 2-step RACH in IDLE/INACTIVE as well as for RRC re-establishment is conveyed via SIB, and for RRC Connected mode is provided via RRC Reconfiguration message or PDCCH order.
In addition to control on which RA triggers can use 2-Step RACH, it is also beneficial to have criteria deciding on whether to use 2-Step RACH and 4-Step RACH based on channel quality on top of RA triggers that are configured to initiate 2-Step RACH. This is particularly useful to provide finer control on the amount of UEs using the 2-Step RACH based on coverage for a RA trigger. Similar channel quality based criteria based on RSRP of the PRACH serving cell as the selection of the UL and SUL can be used here. Like the selection of the UL and SUL, this is performed at the initialization of the PRACH procedure and thus the selection of 2-step and 4-step RACH should not be taken into consideration once the RACH is initiated (i.e. it is not part of the resource selection). The reason is that the UE will eventually fallback to 4-step and the coverage issue due to the PUSCH MsgA can be resolved via that fallback.
Proposal#3: Channel quality based criteria should also be introduced for RA triggers that are allowed/configured to use 2-Step RACH.
Proposal#4: RSRP based criteria (similar to the selection of SUL and UL) can be used for selection of 2-step and 4-step RACH.
Proposal#5: The selection of 2-step and 4-step RACH is part of the initialization part of the RACH procedure and not part of the resource selection of the RACH procedure (i.e. there is no selection of 2-step and 4-step RACH for reattempts within the RACH procedure itself).
Failure scenarios for possible fallback to 4-step RACH
As illustrated in Figure 1, in the first step of 2-step RACH procedure, UE transmits a PRACH preamble and associated MsgA PUSCH on a configured time and frequency resource, where MsgA PUSCH may carry at least equivalent contents of Msg3 in 4-step RACH. Further, after successful detection of PRACH preamble and decoding of MsgA PUSCH, gNB transmits MsgB in the second step which may carry equivalent contents of Msg2 and Msg4 in 4-step RACH. 
[image: ]
[bookmark: _Ref107509]Figure 1. Two-step RACH procedure

In the first step of 2-step RACH, typically multiplexing capacity of PRACH is much larger than that of PUSCH transmission. Specifically, it is agreed in RAN1#96 that multiple ROs can share the same MsgA PUSCH resource. In such case, it is possible that multiple UEs may initiate 2-step RACH procedure in different RO and transmit corresponding PUSCHs in a shared time and frequency resource simultaneously., It is likely that gNB may successfully detect PRACH preamble for the UEs, but may fail to decode PUSCH for all UEs except for a subset. For those that gNB only detects the preamble, the gNB can direct the UE to fallback to 4-step RACH starting from Msg1 or Msg3 or perform 2-step RACH retransmission or leave it to the UE to reattempt.
Observation#1: Scenario 1: gNB may successfully detects multiple preambles but only a subset of MsgA PUSCH is decoded in the shared PUSCH resource  
As agreed in the last RAN2 meeting, it is agreed that an MsgB reception window is started when the MsgA PUSCH is transmitted. It is possible that the gNB does not detect the preamble and the MsgA PUSCH corresponding to a UE and hence the UE does not receive any Msg2 or MsgB during the MsgB reception window. Upon expiry of the MsgB reception window, the UE can either perform 2-step RACH retransmission or fallback to 4-step RACH starting from Msg1.
Observation#2: Scenario 2: gNB does not detect the preamble and MsgA PUSCH corresponding to a UE
Similar to 4-step RACH, collision may occur when the multiple UEs use the same preamble in the same RO. The gNB may only capture and successfully decode at most one MsgA PUSCH among the colliding UEs. Only 1 UE will succeed contention resolution in MsgB, while the other UEs will fail contention resolution. For those UEs that failed contention resolution, it can either perform 2-step RACH retransmission or fallback to 4-step RACH starting from Msg1.
Observation#3: Scenario 3: UE fails contention resolution
Possible actions for each scenario
For Scenario 1, the gNB can either not respond to the UE in which only preamble is detected while the PUSCH is not decoded during the MsgB reception time and let the UE performs 2-step RACH retransmission or 4-step RACH starting from Msg1.  Since the UE does not know whether the gNB detects the preamble, it will perform power ramping on the preamble transmission on the 2-step or 4-step RACH retransmission.  This will unnecessarily increase the UL interference, since the previous preamble transmission was successfully detected by the gNB.  Alternative, the gNB can feedback on MsgB either to retransmit on the MsgA PUSCH or to indicate a fallback to 4-step RACH from Msg3 by providing a Msg3/MsgA resource for the preamble. For the former, if the MsgA PUSCH resource is based on the next MsgA PUSCH resource corresponding to the selected RO, there may be a delay to the next available MsgA PUSCH resource and it may again share the same PUSCH resources with other UE initiating the 2-step RACH. As on the latter, the resources provided in the feedback may not be shared and is more likely that it will succeed. Hence in this scenario, it is proposed that the UE should fallback to 4-step with Msg3.
Proposal#6: For Scenario 1 (where gNB detects the preamble of a UE but fails to decode its MsgA PUSCH), gNB should indicate to the UE to fallback to 4-step RACH with Msg3.
For Scenario 2, upon the expiry of the MsgB reception timer, the UE can either perform 2-Step RACH retransmission or fallback to 4-step RACH with Msg1 transmission. If a criteria taking into consideration the channel quality (e.g. based on RSRP or pathloss) is considered for selecting the 2-Step and 4-Step RACH, it can be considered here for this case. However, we do not see a need to select between 2-step and 4-step RACH for reattempt, as the UE will eventually end up with Scenario 1 if it is the coverage issue for MsgA PUSCH. If the criteria is just a RRC control of the RA trigger, we do not see the need to fallback to 4-Step RACH and the UE can reattempt on 2-Step RACH.
For Scenario 3 when contention resolution fails, the same procedure can be applied as in Scenario 2.  This may also occur as discussed for Scenario 1.
Proposal#7: For Scenario 2 (where the MsgB reception window expires) and Scenario 3 (Contention Resolution fails), the UE will reattempt the 2-step RACH procedure.
For every reattempt of the 2-step RACH procedure, it is assumed that the preamble counter will be incremented and the power ramping counter will be incremented (except if the power ramping indicated to be suspended or the SSB has changed), as in 4-step RACH.
Proposal#8: For every reattempt of 2-step RACH, it is assumed that the preamble counter will be incremented and the power ramping counter will be incremented (except if the power ramping indicated to be suspended or the SSB has changed), as in 4-step RACH.
There are some proposals to fallback to 4-step RACH from Msg1 after N attempts on 2-Step RACH. Considering that the preamble detection and power control of the preamble transmission are the same between 2-step RACH and 4-step RACH and if a criteria taking into consideration the channel quality (e.g. based on RSRP or pathloss) can be configured for selecting the 2-Step and 4-Step RACH, it is unclear to us why there is a need to reattempt on 4-step RACH after N attempt on 2-Step RACH. The UE will anyway eventually end up with Scenario 1.
Observation#4: The preamble detection and power control of the preamble transmission are the same between 2-step RACH and 4-step RACH and a criteria can also take into consideration the channel quality (e.g. based on RSRP or pathloss) when configuring for selecting the 2-Step and 4-Step RACH. Therefore there is no need to fallback to 4-step RACH from Msg1 after N attempts on 2-Step RACH.
Proposal#9: No need is identified to enable the fallback to 4-step RACH from Msg1 after N attempts on 2-Step RACH.
Conclusions
In this contribution, we discussed the procedure for 2-step RACH, with primary focus on the selection of the 2-step and 4-step RACH and fall-back procedure. Further, we summarize the proposals as follows:
Proposal#1: The network should be able to configure which random access triggers can initiate the 2-step CBRA procedure from the beginning when initiating RACH and which can apply only 4-step CBRA procedure.
[bookmark: _GoBack]Proposal#2:  If proposal#1 is agreed for 2-step RACH, the RA triggers to use the 2-step RACH in IDLE/INACTIVE as well as for RRC re-establishment is conveyed via SIB, and for RRC Connected mode is provided via RRC Reconfiguration message or PDCCH order.
Proposal#3: Channel quality based criteria should also be introduced for RA triggers that are allowed/configured to use 2-Step RACH.
Proposal#4: RSRP based criteria (similar to the selection of SUL and UL) can be used for selection of 2-step and 4-step RACH.
Proposal#5: The selection of 2-step and 4-step RACH is part of the initialization part of the RACH procedure and not part of the resource selection of the RACH procedure (i.e. there is no selection of 2-step and 4-step RACH for reattempts within the RACH procedure itself).
Observation#1: Scenario 1: gNB may successfully detects multiple preambles but only a subset of MsgA PUSCH is decoded in the shared PUSCH resource  
Observation#2: Scenario 2: gNB does not detect the preamble and MsgA PUSCH corresponding to a UE
Observation#3: Scenario 3: UE fails contention resolution
Proposal#6: For Scenario 1 (where gNB detects the preamble of a UE but fails to decode its MsgA PUSCH), gNB should indicate to the UE to fallback to 4-step RACH with Msg3.
Proposal#7: For Scenario 2 (where the MsgB reception window expires) and Scenario 3 (Contention Resolution fails), the UE will reattempt the 2-step RACH procedure.
Proposal#8: For every reattempt of 2-step RACH, it is assumed that the preamble counter will be incremented and the power ramping counter will be incremented (except if the power ramping indicated to be suspended or the SSB has changed), as in 4-step RACH.
Observation#4: The preamble detection and power control of the preamble transmission are the same between 2-step RACH and 4-step RACH and a criteria can also take into consideration the channel quality (e.g. based on RSRP or pathloss) when configuring for selecting the 2-Step and 4-Step RACH. Therefore there is no need to fallback to 4-step RACH from Msg1 after N attempts on 2-Step RACH.
Proposal#9: No need is identified to enable the fallback to 4-step RACH from Msg1 after N attempts on 2-Step RACH.
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