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1	Introduction
In this contribution we discuss the use the msgB MAC SubPDU for back off to indicate:
· Back-off indication for 2-step.
· Back-off and switch to 4-step.
We also discuss methods where the UE is allowed to autonomously switch to 4-step if it receives a 2-step back off.
[bookmark: _Ref178064866]2	Background
Back off signaling using msgB serves the purpose of reducing the load on 2-step resources (both PRACH and PUSCH) by ordering the UEs to retry after a random back off time. Since the 2-step RA will be used by all UEs that fulfill the conditions for using the 2-step RA the load on the 2-step resources can be expected to be high. At the same time, the 2-step resources are expensive to configure which further increases the risk of high load since the 2-step configuration can be expected to be slim not to waste resources.
3	Discussion
[bookmark: _Hlk24033922]3.1	How to signal back off in 2-step RA
In the 4-step procedure, the gNB may signal back off in the RAR. This is indicated by a MAC subheader with Back off Indicator which consists of five header fields E/T/R/R/BI as described in Figure 6.1.5-1 of 38.321 shown below.


Figure 6.1.5-1: E/T/R/R/BI MAC subheader.
If a UE receives a RAR with the E/T/R/R/BI mac subheader but no 'MAC subPDU(s) with RAPID and MAC RAR' with RAPID matching its preamble transmission, the UE will  for a random time between 0 and a time indicated by the BI field before doing a new preamble transmission attempt, i.e. return to Random Access Resource selection (Section 5.1.2 in 38.321).
In the 2-step procedure, details of back off mechanism is not yet agreed. After the email discussion [107bis#76] [2-step RACH]: MSG B Format Design it was agreed in RAN2#108 that
Agreements on MSG B format design:
1	Include a 1 bit field in MAC subheader of SuccessRAR MAC subPDU to indicate presence/absence of SRB MAC subPDU(s) following successRAR MAC subPDU.
2	If the MAC subheader of SuccessRAR MAC subPDU indicates presence of SRB MAC subPDU(s):
-	SRB MAC subPDU(s) are present immediately after the SuccessRAR MAC subPDU; 
-	the last SRB MAC subPDU is followed by padding MAC subPDU, if padding is present;
-	padding MAC subPDU includes R/R/LCID padding subheader (as used to indicate padding in DL SCH MAC PDU).
3	1 bit E field is included in MAC subheader of SuccessRAR MAC subPDU, Backoff MAC subPDU and FallbackRAR MAC subPDU.
4	The E field is set to "1" to indicate at least another MAC subPDU (other than SRB MAC subPDU) follows. E field is set to "0" to indicate that the MAC subPDU including this MAC subheader is the last MAC subPDU (other than SRB MAC subPDU) in the MAC PDU.
5	1 bit T1 and 1 bit T2 field in MAC subheader are set as follows: 
-	MAC subheader in Backoff MAC subPDU : T1 = 0, T2 = 0
-	MAC subheader in SuccessRAR MAC subPDU : T1 = 0, T2 = 1
-	MAC subheader in FallbackRAR MAC subPDU: T1 = 1, T2 is not included.
6	Format in figure 10 of R2-1914430 as a baseline. The format can be further updated based on final outcome of discussions.

From this agreement there is one “E” bit and two “T” bits in the MAC subheader for backoff. Assuming that the BI field will still be 4 bits as for the 4-step procedure there will still be one “R” bit in the subheader.
The reason for the network telling the UE to perform back off is due to high load. This high load may cause the gNB not being able to decode preambles or msgA PUSCH or not being able to process the random access attempts. For example, even a relative moderate number of simultaneous PUSCH transmissions on the same PUSCH resource may be difficult for the gNb to decode. At the same time, the same number of simultaneous 4-step preamble transmissions might be easily handled. Hence, the load situation may be different on the 2-step resources compared to the 4-step resources. When the system experiences high load will depend on the mutual or relative configuration of resources for both 2-step and 4-step. There will always be situations when there is high load on e.g. 2-step but not on 4-step, or vice versa. Therefore, it makes sense to in addition to back off, also be able to signal switch to 4-step.
The unused R bit in the msgB subheader for backoff could be used to indicate a more detailed back off including an indication to switch to 4-step preamble transmission. This could be used to move users between 2-step and 4-step in case the network experiences high load on the 2-step resources while the load on the 4-step resources are low or moderate. 
[bookmark: _Toc23844206][bookmark: _Toc24007254][bookmark: _Toc32418681][bookmark: _Hlk23843780]The unused R bit in the msgB BI subheader could be used to indicate different forms of back off for the 2-step procedure.
Therefore, we believe that using the reserved bit to indicate either 1) back off and continue with 2-step or 2) back off and switch to 4-step. This can be achieved as follows:
· if the R-bit is set to 0, the 2-step UE should do back off according to the BI value and continue with a msgA transmission.
· if the R-bit is set to 1, the 2-step UE should do back off according to the BI value and continue with a preamble transmission in the 4-step procedure.
We thus propose: 
[bookmark: _Toc24045138][bookmark: _Toc32418686]The R-bit in the msgB BI subheader should be used to differentiate if after back off, the UE should continue with msgA transmission or switch to preamble transmission in the 4-step procedure.
As an alternative to using the reserved bit to signal back off or switch to 4-step procedure would be to allow the 2-step UE which receives a back off for 2-step to switch to 4-step and continue without doing any back off. This procedure would be as the procedure in proposal 1, allowing the UE directly trying the 4-step procedure which would reduce the latency in case the 2-step resources are suffering from high load. This would be beneficial especially in the case where the ROs are not shared between the 2-step and 4-step procedures. A drawback compared to procedure in proposal 2 is that the UE could not both back off and switch to 4-step. We give the following proposal
[bookmark: _Toc32418687]A UE receiving a back off indication for the 2-step RA procedure may switch to the 4-step procedure and do preamble transmission without back off if the 2-step and 4-step procedures have separate ROs.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The unused R bit in the msgB BI subheader could be used to indicate different forms of back off for the 2-step procedure.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The R-bit in the msgB BI subheader should be used to differentiate if after back off, the UE should continue with msgA transmission or switch to preamble transmission in the 4-step procedure.
Proposal 2	A UE receiving a back off indication for the 2-step RA procedure may switch to the 4-step procedure and do preamble transmission without back off if the 2-step and 4-step procedures have separate ROs.
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