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1	Introduction
In current Rel-15, the gNB may signal back off in the msg2 RAR which entails that an UE receiving a RAR with the E/T/R/R/BI mac sub header but no 'MAC subPDU(s) with RAPID and MAC RAR'; with RAPID matching its preamble transmission, the UE will back-off 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).
This is useful in e.g. load situations when colliding UEs compete for available PRACH resources.
Introducing 2-step RACH, it can be assumed that UE’s also support reception of a msg2. This may be due to supporting a fall-back from a 2-step RA to a “legacy” 4-step RA procedure, or e.g. due to that the gNB only receives a preamble part, while not a 2-step msgA PUSCH part and thus may decide to use a legacy RA procedure. Note that the details of fall-back and possible response remain to be defined. 
In this contribution, use of a 2-step specific Back-off and fall-back indicator(s), in relation to a legacy 4-step procedure and msg2 RAR BI are discussed.
[bookmark: _Ref178064866]2	Discussion
2.1	2-step Random Access
The 2-step RA is assumed to give much shorter latency than the ordinary 4-step RA. In the 2 step RA the preamble (transmitted on PRACH) and a message corresponding to Message 3 (transmitted on PUSCH) in the 4 step RA are transmitted in the same or in two subsequent sub frames. The first message in the 2-step procedure is denoted Message A (msgA). The 2-step procedure is depicted in Figure 1. In the 4-step procedure, the gNB the grant is linked to a particular preamble. The same kind of mapping will be needed in the 2-step procedure. For all different preamble ids that have been configured for the 2-step there must be a mapping to a particular PUSCH resource. Upon successful reception of msgA (i.e. both the preamble and PUSCH), the gNB will respond with a msgB. Details are still discussed but it would typically contain TA (which by assumption should not be needed or just give very minor updates) and a CR id for contention resolution.
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[bookmark: _Ref449354564]Figure 1 Illustration 2-step RA.
In case the UE does not receive a msgB, it would re-try with a new msgA, similar to the action taken by the UE which does not receive a RAR in the 4-step procedure.
An issue that may occur is that the gNB only detects the preamble from a UE. This may happen if the UE TA is bad (e.g. using TA=0 in a large cell or using an old TA. It may also happen that a transmission with an inaccurate TA value of another UE is interfering. Additionally, the preamble signal has higher detection probability than the normal data due to its design patter even though the UE has moved). A third reason may be because the transmission is colliding with another UE using the same preamble but transmits a different PUSCH part (preamble is detected but only one of the PUSCH parts). In this case the NW may reply with an ordinary RAR giving the UE an opportunity to transmit an ordinary Msg3 on a scheduled resource. This is the fallback to 4-step RA. It should be noted that the exact UE behavior has not been specified for this case. 
It is also possible to do fallback to 4-step by transmitting a new preamble indicating 4-step procedure. This preamble is either reserved for 4-step RA or it is transmitted on PRACH resources reserved for 4-step RA. This could be done e.g. after a configured number of failed 2-step RA preamble transmission attempts.
2.2	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 Backoff 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 back-off 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).
Another mac subheader is the “MAC subheader with RAPID only” used for acknowledgment for SI request shown in the figure (from 38.321) below.



Figure 6.1.5-2: E/T/RAPID MAC subheader
In the 2-step procedure, details of backoff mechanism is not yet agreed. If the same MAC-subheader is used as for the 4-step procedure and multiplexed into a legacy RAR MAC PDU, there is no possibility to indicate back off for 2-step UEs only. This is since the RAR may be addressed to (and received) by all UEs transmitting on a certain PRACH resource; which may be shared by both 2-step and 4-step UEs, all 2-step and 4-step UEs will perform back off. This is not wanted behavior since the reason for back off may be congestion on RACH resources (both PRACH and PUSCH) or gNB processing of 2-step UEs only (or of 4-step only). Therefore, it is not beneficial if both 2-step and 4-step UEs do back off if the back off is only needed or intended for e.g. 2-step UEs.
To alleviate the shortcomings above, it would be beneficial to define a mechanism similar to the 4-step RA Back-off, where the E/T/R/R/BI MAC subheader can be used specifically for the 2-step RA procedure. 
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As a back-off may be a result of load/collisions on 2-step RA resources specifically, or radio resource quality issues for the PUSCH part (msgA PUSCH), it would also be beneficial if an indication could instruct UEs to re-try as a fallback to 4-step RA for UEs doing 2-step RA and receiving the back-off MAC CE. It can be expected that due to the 2-step RA payload size, the radio resources and associated link quality required for a target success rate at cell edge is different from that of 4-step RACH.
In summary, it would for be beneficial to allow the NW to:
a. Order 2-step RA UEs to back-off without impact on 4-step UEs.
b. Order 2-step RA UEs to fallback to start 4-step procedure by transmitting a new preamble without back off.
c. Order 2-step RA UEs to back off and do fallback to start 4-step procedure by transmitting a new preamble.
In our accompanying paper [1], we describe a framework for new msgB formats for the 2-step procedure where the new msgBs are scrambled by the RA-RNTI and where the legacy RAR back off subheader is used to stop legacy UEs from parsing the new RAR. This can be used to design a back off specifically for 2-step by placing the 2-step back off after the subheader that stops legacy from parsing. Then the legacy E/T/R/R/BI subheader can be used for 2-step back off. Since the legacy E/T/R/R/BI subheader has unused R bits, these could be used to indicate different forms of back off for the 2-step procedure.
[bookmark: _Toc13735772][bookmark: _Toc13736344][bookmark: _Toc13742087][bookmark: _Toc16771570]The unused R bits in the legacy E/T/R/R/BI subheader could be used to indicate different forms of back off for the 2step procedure.
The additional actions (a-c listed above) by the UE could be specified by defining a use of the current “R” bits in the E/T/R/R/BI MAC subheader, while using a similar table for back off time as defined in 38.321 (table Table 7.2-1) for back off in the 4-step procedure. 
[bookmark: _Toc16771631]Legacy UEs are stopped from parsing the 2-step back off by a specific coding of the legacy E/T/R/R/BI subheader.
[bookmark: _Toc16771632]The E/T/R/R/BI MAC subheader is coded using its R-bits to introduce a back-off to 2-step or 4-step for UEs which transmitted msgA.
3	Conclusion
In section 2 we made the following observations:
Observation 1	A mechanism similar to the back off in the 4-step procedure should be designed for the 2-step procedure.
Observation 2	The unused R bits in the legacy E/T/R/R/BI subheader could be used to indicate different forms of back off for the 2step procedure.
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Based on the discussion in the previous sections we propose the following:
Proposal 1	Legacy UEs are stopped from parsing the 2-step back off by a specific coding of the legacy E/T/R/R/BI subheader.
Proposal 2	The E/T/R/R/BI MAC subheader is coded using its R-bits to introduce a back-off to 2-step or 4-step for UEs which transmitted msgA.
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