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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#82, a new work item to specify 2-step RACH in NR was agreed [1]. One of the objectives is to specify the fallback procedure from 2-step RACH to 4-step RACH. Actually, the UE may select either 2-step RACH or 4-step RACH for the initialization of RACH procedure, and the switching between 2-step RACH and 4-step RACH during the RACH procedure is also possible. In this contribution, we provide some considerations for simultaneous RACH operation, including the RACH type selection, switching between 2-step RACH and 4-step RACH, and two RACH operation simultaneously.
[bookmark: _Ref129681832]Discussion
RACH Type Selection
[bookmark: _GoBack]As discussed in [2], 2-step RACH has the potential to reduce the access latency and signaling overhead. However, the benefits over 4-step RACH may depend on the payload size, RACH configuration, latency requirement, etc. When a UE initialize the RACH procedure, it needs to select the RACH type. The potential criteria for RACH type selection can be latency requirement, radio quality, overload factor, or other upper layer parameters. 
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	(a). Separate ROs for 2-step and 4-step
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	(b). Shared ROs for 2-step and 4-step


Figure 1. Examples for RACH type selection
One example is shown in Figure 1(a), where 2-step and 4-step RACH have separate ROs in slot #7 and #3, respectively. If a trigger event arrives at slot #1, then the UE needs to select the RACH type. If latency is considered for RACH type selection, the UE may select 4-step RACH starting at slot #3 or select 2-step RACH starting at slot #7. The overall latency can depend on the processing time of gNB and UE, and it can be up to the UE to select the RACH type.
Another example is shown in Figure 1(b), where 2-step and 4-step RACH share the ROs in slot #3 and #7. Assume the associated beam (beam #1) for the RO in slot #3 is weaker than that (beam #2) in slot #7, and based on the radio quality, the UE can transmit MsgA PUSCH reliably in slot #7, but not in slot #3. Similarly, the UE may select 4-step RACH starting in slot #3 or 2-step RACH starting in slot #7. It can be up to the UE to decide which RACH type is better.
Therefore, as there are many different criteria, it is hard to define a simple and clear procedure for RACH type selection. It would be preferred that the RACH type selection is up to UE implementation, and the network can broadcast some related information to help.    
Observation 1: The potential criteria for RACH type selection can be latency requirement, radio quality, overload factor, or other upper layer parameters.
Proposal 1: RACH type selection should be up to the UE implementation. 

Switching between 2-step and 4-step
During the RACH procedure, if the gNB does not receive the preamble or collision happens, the RAR reception or contention resolution may not be successful. In this case, the UE needs to re-select the RACH resource and retransmit the preamble for 4-step RACH or MsgA for 2-step RACH. If the UE select a RACH resource with different RACH type from that of the previous RACH resource, there will be switching between 2-step and 4-step RACH.
For the switching between 2-step and 4-step RACH, there can be following options as shown in Figure 2:
· Option 1: Both switching from 2-step to 4-step and switching from 4-step to 2-step allowed;
· Option 2: Switching from 2-step to 4-step allowed, and switching from 4-step to 2-step not allowed;
· Option 3: Switching from 2-step to 4-step not allowed, and switching from 4-step to 2-step allowed;
· Option 4: Both switching from 2-step to 4-step and switching from 4-step to 2-step not allowed;

[image: ]
Figure 2.  Switching cases between 2-step and 4-step RACH
The switching between 2-step to 4-step RACH can be based on predefined rule or signaling by network. If the switching is not allowed, the UE will perform the random access by one RACH type during the whole RACH procedure, until the maximum number of preamble or MsgA transmission is reached. Since the relative position of ROs and radio quality may change, the best RACH type may also change during the random access procedure. Therefore, switching between 2-step and 4-step RACH may be beneficial. 
In the above discussion, we only consider the case that when UE can decide the RAR reception or contention resolution is not successful, i.e., the reception time windows expire. Whether UE can switch the RACH type during reception time windows can be further studied. 
Observation 2: It can be beneficial to support switching between 2-step and 4-step RACH.
Proposal 2: Whether UE can switch the RACH type during reception time windows needs to be further studied. 

Simultaneous RACH operation
As discussed above, the latency benefits expected by 2-step RACH may not be stable even after the RACH procedure is initialized. In many cases, there is possibility that 2-step RACH needs to fallback to 4-step RACH, due to potential reliability degradation of MsgA transmission, or change of channel/radio condition and change of number of accessing UEs during RAR/MsgB window. 
In LTE or Rel-15 NR, there is only RACH operation at a given time instance. If the UE MAC can keep two RACH procedures ongoing for some time, there may be benefits that the UE can more frequently initialize another RACH operation based on its instant channel conditions, e.g. beam or SSB with better quality, without waiting for a response from gNB and fallback/proceed the RACH procedure after processing the response. Since this is more about the MAC behavior, we have
Proposal 3: Send LS to RAN2 to ask the feasibility of simultaneous RACH operation keeping both 2-step RACH and 4-step RACH procedure at least for some cases. 

Conclusions
In this contribution, we have discussed different scenarios for simultaneous RACH operation. Based on the discussions above, we have the following observations and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: The potential criteria for RACH type selection can be latency requirement, radio quality, overload factor, or other upper layer parameters.
Observation 2: It can be beneficial to support switching between 2-step and 4-step RACH.
Proposal 1: RACH type selection should be up to the UE implementation. 
Proposal 2:  Whether UE can switch the RACH type during reception time windows needs to be further studied. 
Proposal 3: Send LS to RAN2 to ask the feasibility of simultaneous RACH operation keeping both 2-step RACH and 4-step RACH procedure at least for some cases. 

References
[bookmark: _Ref525805692][bookmark: _Ref167612671][bookmark: _Ref421870298]RP-182894, “New work item: 2 step RACH for NR”, RAN#82, Sorrento, Italy, Dec. 10-13, 2018.
R1-1907541, “Other issues for 2-step RACH”, RAN1#97, Huawei, HiSilicon, Reno, USA, May 13–17, 2019.

image3.emf
 

2-step RACH 4-step RACH

2-step RACH 4-step RACH

× 

2-step RACH 4-step RACH 

× 

Option 1

Option 2

Option 3

2-step RACH 4-step RACH 

× 

× 

Option 4


image1.emf
RO for 

2-step

RO for 

4-step

Trigger 

event

1 2 0 4 5 3 7 8 6 9 1 2 0 4 5 3 7 8 6 9


image2.emf
RO for 

2-step & 

4-step

RO for 

2-step & 

4-step

Beam #1

Beam #2

1 2 0 4 5 3 7 8 6 9 1 2 0 4 5 3 7 8 6 9

Trigger 

event


