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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In the last plenary meeting, a new work item to specify 2-step RACH for NR has been approved. The scope of this item is described as follows:
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH
 
In this contribution, we will present our design on the scheme of fallback from 2-step RACH and 4-step RACH. Observations and proposals are put forward accordingly.
[bookmark: OLE_LINK1]A scheme of fallback from 2-step RACH to 4-step RACH 
Requirements
When to adopt 2-step RACH procedure, there will be four kinds of MsgA detection results at gNB, which are:
Result1: Both preamble and payload of PUSCH in MsgA are successfully detected.
Result2: The preamble is unsuccessfully detected while the payload of PUSCH in MsgA is successfully detected.

Result3: The preamble is successfully detected while the payload of PUSCH in MsgA is unsuccessfully detected.
Result4: Both preamble and payload of PUSCH in MsgA are unsuccessfully detected.
For Result1 and Result 2, where the payload of PUSCH in MsgA has been successfully detected, there will be no need of fallback from 2-step RACH to 4-step RACH and the gNB can send the MsgB as a response to MsgA to resolve the contention. 
However, for Result3 and Result4, where the detection of the payload of PUSCH in MsgA has been failed, it requires a scheme design on how to fallback from 2-step RACH to 4-step RACH. By using the scheme, the UE would get to know whether to switch to transmit Msg1 or Msg3 via 4-step RACH, or retransmit MsgA via 2-step RACH after the unsuccessful transmission of MsgA. And the gNB would get to know whether to respond a UL grant for Msg3 transmission via 4-step RACH in the situation of Result3.  
Observation1: It requires a scheme design on how to fallback from 2-step RACH to 4-step RACH when the detection of the payload of PUSCH in MsgA has been failed.
Scheme Design 
[bookmark: OLE_LINK7]Similar to the preamble transmission in 4-step RACH, where a maximum transmission time of preamble is configured, we propose to configure a maximum transmission time of MsgA and a response window to detect MsgB after sending MsgA. When the UE does not detect any response to its MsgA in the response window, and the transmission time of MsgA does not exceed the configured maximum transmission time, the UE would retransmit MsgA according to the 2-step RACH configuations. Otherwise, if the transmission time of MsgA exceeds the configured maximum transmission time, the UE would switch to 4-step RACH to send Msg1. And after each transmission of MsgA, the counter of preamble transmission time shall also increment by one as the counter of the transmission time of MsgA. Note that the configured maximum transmission time of MsgA shall not be greater than the configured maximum transmission time of preamble in the conventional 4-step RACH.
If the Result3 happens at the side of gNB, it is equivalent to the situation in 4-step RACH where the Msg1 is sent out successfully. It is determined by the gNB whether to respond Msg2 in 4-step RACH, or a part of Msg2 without the UL grant for Msg3 to let the UE retransmit MsgA in 2-step RACH, or no response. If the system is configured to enable the gNB to be aware of transmission time of MsgA and a maximum transmission time of MsgA is configured, then the gNB shall not allocate the UL grant for Msg3 until the transmission time of MsgA reaches its maximum value. For example, if the system is configured to retransmit MsgA in a non-adaptive way in which the UE shall select the same preamble for each transmission of MsgA, the gNB would be aware of the transmission time of MsgA in the situation of Result3. At the UE side, if it detects a response containing the same preamble ID as in MsgA, and if there is a UL grant corresponding to the preamble ID, then the UE shall use the UL grant to transmit Msg3 according to the 4-step RACH procedure. However, if there is no UL grant except the information of TA corresponding to the preamble ID, the UE shall retransmit MsgA if the configured maximum transmission time of MsgA has not been reached, otherwise switch to transmit Msg1 using 4-step RACH. The timing of transmission shall be adjusted according to the received TA. 
We further illustrate the procedures of our scheme applied at the UE side and gNB side in Fig.1. and Fig.2., respectively. Moreover, when a backoff indicator is informed to the UE for MsgA retransmission, then the UE shall select a backoff counter to determine the latency before the next retransmission of MsgA.


Fig.1. The procedure of designed scheme of fallback from 2-step RACH to 4-step RACH at the UE side


Fig.2. The procedure of designed scheme of fallback from 2-step RACH to 4-step RACH at the gNB side
Proposal1: It is suggested to configure a maximum transmission time for MsgA in 2-step RACH and adopt the designed scheme of fallback from 2-step RACH to 4-step RACH.
In addition, in the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, as shown in Fig.3, then the gNB shall determine the priority of the MsgB responses based on the latency requirement of UEs and RACH triggers, and also the time of attempts of MsgA. For example, the UE can include an indicator of the transmission time of MsgA in the PUSCH of MsgA via MAC CE or UCI. The gNB then shall respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.


Fig.3. An illustration of case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants
Observation2: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, then the gNB shall determine the priority of the MsgB responses.
Propsal2: It is suggested to support including the transmission time of MsgA in the PUSCH of MsgA to enable the gNB to respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.
Conclusion
In this contribution, we have present our design on the scheme of fallback from 2-step RACH and 4-step RACH and put forward the following observations and proposals: 
Observation1: It requires a scheme design on how to fallback from 2-step RACH to 4-step RACH when the detection of the payload of PUSCH in MsgA has been failed.
Proposal1: It is suggested to configure a maximum transmission time for MsgA in 2-step RACH and adopt the designed scheme of fallback from 2-step RACH to 4-step RACH.

Observation2: In the case that gNB shall respond more than one MsgBs to different UE groups in separate DL grants, then the gNB shall determine the priority of the MsgB responses.
Propsal2: It is suggested to support including the transmission time of MsgA in the PUSCH of MsgA to enable the gNB to respond MsgB to the UEs with high latency requirement and large transmission time of MsgA in priority.
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