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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#96, some agreements for 2-step RACH procedure have been achieved as follows [1]：
· 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
· [bookmark: _GoBack]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
· 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, we will further discuss the 2-step RACH procedure related issues, including MsgA transmission, MsgB reception, and fallback to 4-step RACH.
[bookmark: _Ref129681832]Discussion
Transmission of MsgA
In 2-step RACH, MsgA consists of PRACH preamble and PUSCH payload data. In our companion contribution [2], the channel structure of MsgA has been discussed. This contribution focuses on the procedure related issues for the transmission of MsgA. 
Resource configuration for PRACH
In RAN1 #96, the relation of PRACH resources between 2-step and 4-step RACH was discussed. The PRACH resources can be either shared or separate between 2-step and 4-step RACH. 
With shared PRACH resources, when a preamble is detected at given PRACH occasion, the gNB has no idea which type of RACH is ongoing and thus has no idea of whether there would be a PUSCH associated with the detected preamble. As a result, it has to assume 2-step RACH and perform blind detection for the potential existence of the PUSCH, which increases the receiver burden and increase the risk of misdetection/false alarm since more detection operations are performed. 
Moreover, in the case of shared PRACH resources, since gNB has no information to differentiate 2-step RACH and 4-step RACH, there could be ambiguity for the RAR window for the UE. For instance, a UE performs 4-step RACH but the gNB would have to assume it as 2-step RACH until it could judge from the blind detection resulting showing no PUSCH, which postpones the time the gNB should send the RAR message and increase the latency of 4-step RACH (note the RAR window starts at the first symbol of the earliest control resource set after the last symbol of the PRACH occasion). In a very worst case if the PUSCH duration is long, the UE that was sending the 4-step RACH may miss its RAR response in the RAR window due to the delay needed for blind detection of the existence of a potential PUSCH. 
Observation 1: The sharing of PRACH resources between 2-step RACH and 4-step RACH leads to increased receiver complexity, increased misdetection or false alarm rate, as well as impact on RAR window for existing 4-step RACH.
Proposal 1: Separate PRACH resources (separate preamble indices or separate ROs) for 2-step RACH and 4-step RACH should be supported.
Power Control of MsgA
As discussed in RAN1 #96, open loop power control for PUSCH transmission in MsgA will be supported. The transmit power of PUSCH in MsgA should be related to that of associated preamble. In 4-step RACH, there is a power offset between Msg3 and the preamble indicated by the power control command in RAR. Similarly, in 2-step RACH, a power offset between the preamble and PUSCH in MsgA can be configured. According to the evaluations in [3], the power offset between the preamble and PUSCH will depend on different parameters, e.g., numerology, bandwidth, and MCS levels. The range of power offsets can be further evaluated. To have a uniform design, a formula to calculate the required transmit power according to variable parameters should be considered.
For the power control of preamble in MsgA, the procedure can follow that of 4-step RACH and the power control parameters can be separately configured. When MsgA is retransmitted, power ramping can be applied for both the preamble and PUSCH, and the power ramping steps for preamble and PUSCH can be separately configured. 
Proposal 2: Power offset between preamble and PUSCH should be supported in 2-step RACH.
Proposal 3: Power control parameters can be separately configured for 2-step and 4-step RACH.
Reception of MsgB
In 2-step RACH, MsgB contains the response to MsgA, which is to include the equivalent contents of Msg2 and Msg4 of 4-step RACH. The design of MsgB can be related to whether the 2-step RACH and 4-step RACH are configured with separate PRACH resources. Based on the previous analysis, here we focus on the case with separate PRACH configurations.
Contents for MsgB
After UEs transmit MsgA, there can be at least two cases to response including: 
· Case 1: PRACH detected and PUSCH not decoded;
· Case 2: PRACH detected and PUSCH successfully decoded.
Therefore, MsgB may include response to PRACH only (for Case 1), or response to both PRACH and PUSCH (for Case 2). For Case 1, the content of MsgB can be the same as that of Msg2 (i.e. containing preamble index, TA command, UL grant and TC-RNTI), which is referred to as Msg2-like content. For Case 2, MsgB may not need to contain the full information of Msg2 in 4-step RACH. Instead, it may include the contention resolution ID and other RRC messages conventionally contained in Msg4 of 4-step RACH (e.g. RRC connection (re-)setup, RRC (re-)configurations, state transition signaling, etc.), which is referred to as Msg4-like content.
Based on their functionality, the  Msg2-like content in MsgB can be transmitted in a group common manner, while the Msg4-like  content in MsgB is more likely to be transmitted in a UE specific manner. Therefore, at least for the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused, while the mechanism to transmit Msg4-like content in MsgB can be further discussed.
Proposal 4: For the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused in 2-step RACH.
RAR window for MsgB reception
In legacy 4-step RACH, two time windows for Msg2 and Msg4 reception are defined as RAR window and contention resolution timer respectively. In 2-step RACH, the functionality of the two time windows may be realized in one window or still kept with two separate windows. In general, there are two aspects needs to be considered for the design of the response time window, namely 1) to provide scheduling flexibility for PDCCH/PDSCH of Msg2 and Msg4; and 2) to control the overall latency of RACH procedure. 
Since gNB need to detect both PRACH and PUSCH before sending MsgB, the starting point of the time window for MsgB reception can be after the completion of MsgA transmission, as shown in Figure 2, and the length of RAR window can be different from that for 4-step RACH, taking into account the processing delay of PUSCH of MsgA at gNB side. 
Proposal 5: Time window for MsgB reception can start after the completion of MsgA transmission.
[image: ]
Figure 2. Window for MsgB reception

UE behavior after receiving MsgB
For legacy 4-step RACH, UE will behave differently upon different responses with different messages. Generally, three different behaviors are defined once UE misses the reception of Msg2 or Msg4 within the two time windows mentioned above, namely
1. Retransmission of preamble once Msg2 is not detected within the RAR window.
2. PUSCH retransmission once one DCI indicating an UL grant for Msg3 retransmission instead of indicating one DL grant for Msg4.
3. Retransmission of preamble once no Msg4 is detected within the contention resolution widow (i.e. before the timer expires). 
Similarly, for 2-step RACH, if no MsgB is detected, this implies preamble detection fails at the gNB side, so MsgA retransmission is reasonable.
On the other hand, if only response to preamble is detected, then the UE can transmit one PUSCH according to the UL grant in MsgB, similar to the Msg3 transmission in 4-step RACH. This can be regarded as fallback to 4-step RACH. There can also be other options. For example, UE may retransmit MsgA or start a new 4-step RACH procedure. However, these may increase the energy consumption of UE as well as latency, and the specification impact can be larger than the UL grant in MsgB. As there is initial PUSCH transmission in MsgA, then UL grant in MsgB can indicate one new PUSCH transmission or re-transmission for initial PUSCH. The information received in the initial transmission may be used for combining to enhance the reliability of PUSCH.
[image: ]
Figure 3. UE behavior comparison between MsgB and Msg2/4 reception 
Proposal 6: Retransmission of MsgA or PUSCH indicated by MsgB can be supported. 
Proposal 7: 4-step RACH fallback indicated by RAR should be supported.

Conclusions
Based on the discussions above, we have the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: The sharing of PRACH resources between 2-step RACH and 4-step RACH leads to increased receiver complexity, increased misdetection or false alarm rate, as well as impact on RAR window for existing 4-step RACH.
Proposal 1: Separate PRACH resources (separate preamble indices or separate ROs) for 2-step RACH and 4-step RACH should be supported.
Proposal 2: Power offset between preamble and PUSCH should be supported in 2-step RACH.
Proposal 3: Power control parameters can be separately configured for 2-step and 4-step RACH.
Proposal 4: For the Msg2-like content in MsgB, the RAR mechanism in 4-step RACH can be reused in 2-step RACH.
Proposal 5: Time window for MsgB reception can start after the completion of MsgA transmission.
Proposal 6: Retransmission of MsgA or PUSCH indicated by MsgB can be supported.
Proposal 7: 4-step RACH fallback indicated by RAR should be supported.
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