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Introduction
In RAN1#96bis, the following agreement were made [1]:
	Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following 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



In this paper, we discuss random access backoff for two-step random access and provide our considerations.
Random Access Backoff in Rel-15
In Rel-15, the RACH occasions can be shared with contention-free random access and four-step contention based random access and switching between contention-free random access and four-step contention based random access is supported. 
· If a BI indicator is received without the matched preamble index and the preamble was transmitted for contention-free random access, this BI indicator is not used; the reason is the preambles between contention based random access and contention free random access are orthogonally or the RA occasions are separated. 
· If a BI indicator is received without the matched preamble index and the preamble is transmitted for four-step contention based random access, this BI is used. If random access procedure is not completed due to contention resolution failure or RAR reception failure, the back off time based on the BI indicator will be applied. The UE can perform random access resource selection if the criteria to selection contention-free random access resource is met during the backoff time due to separated preambles or RA occasions based on the TS38.321 [2]. 
	2>	if the Random Access procedure is not completed:
[bookmark: OLE_LINK21]3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	if the criteria (as defined in subclause 5.1.2) to select contention-free Random Access Resources is met during the backoff time:
4>	perform the Random Access Resource selection procedure (see subclause 5.1.2);
3>	else:
4>	perform the Random Access Resource selection procedure (see subclause 5.1.2) after the backoff time.



Observation 1: Backoff mechanism was supported in Rel-15 for four-step random access.
Potential impacts for two-step random access
To relieve contention condition on RACH occasion, a backoff mechanism is introduced for four-step contention based random access. If many UEs selects the same RACH occasion, some of the UEs may not be able to get the response for the preamble transmission. In that case, the UEs failing the RAR reception need to select a RACH occasion again. To avoid all these UEs select the same RACH occasion later, the backoff mechanism is used to discretely distribute the all these UEs to different RACH occasion. 
For 2-step RACH, the above issue also exists because the RACH resource is shared between UEs. To achieve the above benefit as four-step random access, backoff mechanism should be supported for two-step random access.
Proposal 1: Back off mechanism should be supported for two-step random access.
A backoff indicator may be received in the response to preamble transmission 2-step RACH, 4-step RACH and CFRA.  The first preamble may be two-step contention based random access preamble or four-step contention based random access preamble or contention free random access preamble, which is illustrated in Figure 1. 
In Rel-15, the response for four-step preamble and CFRA preamble are multiplexed into one MAC PDU. Based on RAN1 agreement, both option 1 and option 2 are supported. For option 1, the response for two-step preamble and response for four-step preamble/CFRA preamble are transmitted separately due to separated RO. For option 2, the response for two-step preamble and response for four-step preamble/CFRA preamble may be transmitted separately which is done by different CORESETs/searching spaces for two-step and four-step. In this paper, we focus on the response for two-step preamble and response for four-step preamble/CFRA preamble are transmitted separately. 
After the BI indicator is received, the questions come:
1. What the UE behavior on this backoff indicator is?
2. When the UE can perform random access resource selection for the second preamble transmission, whether it needs to take into account the random backoff time based on this backoff indicator?  



Figure 1: backoff for two-step random access
We are going to discuss the above questions considering different cases for the two preamble transmissions when one of the transmission is due to 2-step RACH:
· Case1: 2-step RACH and 2-step RACH
· Case2: 2-step RACH and 4-step RACH 
· Case3: CFRA and 2-step RACH
· Case4: 2-step RACH and CFRA
· Case5: 4-step RACH and 2-step RACH
For case 1, since the overhead condition is not good for UEs which selected the same RACH occasion for two-step random access, all these UEs selects a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF. After end of the random backoff time, these UEs can perform two-step contention based random access resource selection for the second preamble transmission. 
For case 2/3/4, it assumes the followings are supported:
· Switching between two-step RACH and four-step RACH;
· Switching between 4-step RACH and CFRA (legacy behaviour);
· Switching between 2-step RACH and CFRA.
In our company paper [3], we proposed the above behaviours should be supported.
Since the overhead condition is separated between random access resource for the first preamble transmission and the second preamble transmission. If the first preamble was transmitted for two-step random access, the UE is allowed to perform random access resource selection for four-step contention based random access resource or contention free random access during the random backoff time. If the first preamble was transmitted for four-step random access, the UE is allowed to perform random access resource selection for two-step contention based random access resource or contention free random access during the random backoff time. If the first preamble was transmitted for contention free random access, the UE is allowed to perform random access resource selection for contention free random access or two-step RACH at least for option 1 during the random backoff time and is not allowed to perform random access resource selection for four-step RACH during the random backoff time. 

Proposal 2: If the preamble was transmitted for two-step RACH and BI indication is received, UE should apply the BI indication when preamble for 2-step RACH is retransmitted.
Proposal 3: If the preamble was transmitted for two-step RACH and BI indication is received, UE should not apply the BI indication when preamble for 4-step RACH or CFRA is retransmitted at least for separated RO configuration for 2-step and 4-step RACH.
Proposal 4: If the preamble was transmitted for four-step random access and BI indication is received, the UE does not apply the BI indication when 2-step RACH is retransmitted at least for separated RO configuration for 2-step and 4-step RACH. 
Proposal 5: If the preamble was transmitted for CFRA and BI indication is received, the UE does not apply the BI indication when 2-step RACH is retransmitted at least for separated RO configuration for 2-step and 4-step RACH.
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Based on the discussion, we have the following observation: 
Observation 1: Backoff mechanism was supported in Rel-15 for four-step random access.
Based on the discussion we propose the following:
Proposal 1: Back off mechanism should be supported for two-step random access.
Proposal 2: If the preamble was transmitted for two-step RACH and BI indication is received, UE should apply the BI indication when preamble for 2-step RACH is retransmitted.
Proposal 3: If the preamble was transmitted for two-step RACH and BI indication is received, UE should not apply the BI indication when preamble for 4-step RACH or CFRA is retransmitted at least for separated RO configuration for 2-step and 4-step RACH.
Proposal 4: If the preamble was transmitted for four-step random access and BI indication is received, the UE does not apply the BI indication when 2-step RACH is retransmitted at least for separated RO configuration for 2-step and 4-step RACH. 
Proposal 5: If the preamble was transmitted for CFRA and BI indication is received, the UE does not apply the BI indication when 2-step RACH is retransmitted at least for separated RO configuration for 2-step and 4-step RACH.
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