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1. Introduction
At the RAN1#96 meeting, the issues related to procedure for 2-step RACH were discussed and RAN1 made agreements [1].
	Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the 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
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH

Agreements:
· The beam association rule between SSB and RACH occasion of 4-step RACH is to be used for 2-step RACH
· FFS beam association for PUSCH
Agreements:
· At least open loop power control for PUSCH transmission in MsgA should be supported
· FFS PC for preamble vs. PC for PUSCH 


In this contribution, procedure for 2-step RACH is discussed.

2. Discussion
2.1. Shared/separated RACH occasion/preamble for 2-step and 4-step RACH
At the last meeting, it was discussed whether to share the same RACH occasion between 2-step and 4-step RACH or not. For example, in case of FR2, the number of RACH occasions that can cover the association with all SSBs would be typically up to 64. If separate RACH occasions need to be configured for 2-step and 4-step RACH, multiple RACH occasions are necessary even if single RACH occasion is enough for both of 2-step and 4-step RACH in case of sparse UE and resource overhead increases. Thus, shared RACH occasions should be able to be configured for 2-step and 4-step RACH.

Proposal 1: Shared RACH occasions can be configured for 2-step and 4-step RACH.

On the other hand, depending on collision probability and gNB receiver implementation, it may be better to separate RACH occasions for 2-step and 4-step RACH. For more flexibility, it should be up to gNB configuration that shared RACH occasions or separate RACH occasions are configured for 2-step and 4-step RACH.

Proposal 2: It should be up to gNB configuration that shared RACH occasions or separate RACH occasions are configured for 2-step and 4-step RACH.

In addition, it should be determined whether or not shared preambles can be configured for 2-step and 4-step RACH. If the preambles can be shared, it may make preamble usage efficient since it is difficult to configure appropriate proportion of preambles between 2-step and 4-step RACH. On the other hand, this issue is related to whether gNB can differentiate 2-step and 4-step RACH at the timing of MsgA preamble reception. Assuming that gNB transmits MsgB or Msg2 according to the detection of MsgA PUSCH, shared preambles for 2-step and 4-step RACH can be supported. On the other hand, if the preamble is shared, gNB complexity, e.g., for appropriate Msg2 transmission timing, may be increased. Therefore, it should be up to gNB configuration that shared preambles or separate preambles are configured for 2-step and 4-step RACH, similarly as shared/separated RACH occasion.

Proposal 3: Shared preambles can be configured for 2-step and 4-step RACH.
· It should be up to gNB configuration that shared preambles or separate preambles are configured for 2-step and 4-step RACH.

2.2. Fallback to 4-step RACH
According to the WID, the fall back procedure from 2-step RACH to 4-step RACH will be introduced. Possible conditions of the fall back to 4-step RACH are:
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is fail
· When UE can receive Msg2 corresponding to the transmitted preamble
· When UE retransmits MsgA preamble and/or MsgA PUSCH and meets the threshold if configured
First condition is the case where gNB can receive only MsgA preamble successfully. The preamble retransmission is not needed and UE can start Msg3 transmission after fallback to 4-step RACH. Second condition is the case that the UE which performs 2-step RACH can receive Msg2 corresponding to the transmitted preamble. This case happens if shared RACH occasions and shared preambles are configured for 2-step and 4-step RACH. If RACH occasions and/or preambles are separated for 2-step and 4-step RACH so that gNB can differentiate MsgA preamble and Msg1 preamble, this condition may not need to be considered. Third condition is the case where UE retransmits MsgA preamble and/or MsgA PUSCH. In case that RACH occasions and/or preambles are separated for 2-step and 4-step RACH, collision probability for MsgA preamble may be high if 2-step RACH side is congested, and then UE may retransmit MsgA preamble many times. In that case, it is beneficial to fallback to 4-step RACH at the retransmission timing. If UE performs fallback to 4-step RACH always in first MsgA retransmission, it would not be appropriate behaviour considering the case that collision incidentally happens and so on. Thus, if UE meets the threshold, e.g., the number of MsgA retransmissions, in a certain MsgA retransmission, UE performs fallback to 4-step RACH.

Proposal 4: Following conditions should be considered for fallback to 4-step RACH.
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is fail
· When UE can receive Msg2 corresponding to the transmitted preamble
· When UE retransmits MsgA preamble and/or MsgA PUSCH and meets the threshold if configured

2.3. RAR window
Regarding RAR window, although details on RAR window for 2-step RACH will be also discussed in RAN2, at least the start timing of RAR window would be specified in RAN1 spec. For 4-step RACH in Rel-15, TS 38.213 describes following: “The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Subclause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set as defined in Subclause 10.1.” On the other hand, for 2-step RACH, MsgA contains the preamble and PUSCH. At least two options can be considered: the window starts after the MsgA preamble or after the MsgA PUSCH. In details, the window starts at the earliest CORESET for Type1-PDCCH CSS set, that is at least one symbol after the MsgA preamble or after the MsgA PUSCH.

Proposal 5: For the start timing of RAR window for 2-step RACH, following two options can be considered.
· Alt 1: The window starts after the MsgA preamble
· Alt 2: The window starts after the MsgA PUSCH

If the resources of the MsgA preamble and the MsgA PUSCH are contiguous in time domain, there would not be much difference between above Alt 1 and Alt 2 in most cases although the exact start timing needs to be specified. However, in our companion contribution [2], we propose that PRACH preamble and PUSCH in a MsgA should be able to be located in non-contiguous time resources, considering potential isolated UL slot in some typical TDD configurations. In that case, DL region between the MsgA preamble and the MsgA PUSCH may be able to be used for Msg2 transmission.

As described in section 2.2, if the condition for fallback to 4-step RACH includes “When UE can receive Msg2 corresponding to the transmitted preamble,” UE needs to monitor Msg2 in addition to MsgB within the RAR window. In that case, it should be determined whether or not Msg2 window and MsgB window is a common window or not. If Msg2 window and MsgB window are independent, Msg2 window should start after the MsgA preamble and MsgB window should start after the MsgA PUSCH. In case that Msg2 window and MsgB window are common, if the common window starts after the MsgA preamble, UE should monitor only Msg2 within the common window before MsgA PUSCH transmission and monitor Msg2 and MsgB within the common window after MsgA PUSCH transmission. In case that Msg2 window and MsgB window are common, if the common window starts after the MsgA PUSCH, UE needs to monitor Msg2 and MsgB within the common window.

Proposal 6: It should be studied whether Msg2 window and MsgB window are common or independent.

2.4. Condition for selection of 2-step RACH
According to the WID, no new CP length will introduced for the MsgA PUSCH. In other words, only when the distance between gNB and UE is less than the value calculated by Rel-15 PUSCH CP duration, the MsgA PUSCH is valid. The applicable case is quite limited if 2-step RACH can be used only in the cell with the cell radius less than the value calculated by Rel-15 PUSCH CP duration. Thus, it should be considered how to validate 2-step RACH even in case of the cell with the cell radius larger than the value calculated by Rel-15 PUSCH CP duration. For example, gNB configures threshold, e.g., RSRP, for validating 2-step RACH or gNB indicates validating 2-step RACH to each UE, e.g., RRC/MAC signaling. If exceeding the threshold or indicated to validate 2-step RACH, UE selects 2-step RACH. Note that the signal structure is not intended to be changed. 

Proposal 7: It should be considered how to validate 2-step RACH even in case of the cell with the cell radius larger than the value calculated by Rel-15 PUSCH CP duration.
· E.g., configured threshold, e.g., RSRP, for validating 2-step RACH, indication for validating 2-step RACH. 

3. Conclusion
In this contribution, procedure for 2-step RACH was discussed. Based on the discussion, the following proposals were made:
Proposal 1: Shared RACH occasions can be configured for 2-step and 4-step RACH.
Proposal 2: It should be up to gNB configuration that shared RACH occasions or separate RACH occasions are configured for 2-step and 4-step RACH.
Proposal 3: Shared preambles can be configured for 2-step and 4-step RACH.
· It should be up to gNB configuration that shared preambles or separate preambles are configured for 2-step and 4-step RACH.
Proposal 4: Following conditions should be considered for fallback to 4-step RACH.
· When MsgB which UE received indicates that MsgA preamble reception is successful and MsgA PUSCH reception is fail
· When UE can receive Msg2 corresponding to the transmitted preamble
· When UE retransmits MsgA preamble and/or MsgA PUSCH and meets the threshold if configured
Proposal 5: For the start timing of RAR window for 2-step RACH, following two options can be considered.
· Alt 1: The window starts after the MsgA preamble
· Alt 2: The window starts after the MsgA PUSCH
Proposal 6: It should be studied whether Msg2 window and MsgB window are common or independent.
Proposal 7: It should be considered how to validate 2-step RACH even in case of the cell with the cell radius larger than the value calculated by Rel-15 PUSCH CP duration.
· E.g., configured threshold, e.g., RSRP, for validating 2-step RACH, indication for validating 2-step RACH. 
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