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1. Introduction 
In the previous meeting, the possibility for network to fallback from 2-step to 4-step RACH was discussed. In this paper we provide some further considerations.
2. Discussion

As pointed out in [2] there may be situations under which it is not possible to successfully complete a 2-step RACH procedure. For example, in case of collision of 2 or more UEs, the network may not decode the message part of Msg1, as also highlighted in [2]. The proposal from this contribution is that the network should be able to respond to Msg1 when the UE attempts a 2-step RACH with either contention resolution message (completing the procedure) or with a RAR which provides an UL grant to continue with a 4-step RACH procedure, for example in case the NW cannot reserve as many dedicated resources as there are RACH preambles. This relies on the NW being able to identify the UE from its preamble even if the message part is not received.

In general if the RACH is congested even for LTE there are mechanisms to alleviate this such as the backoff indicator in RAR, and we believe that there are other cases in which a “fallback” from 2-step to 4-step RACH is necessary, should both procedures be configured simultaneously. 
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Figure 1: Fallback to 4-step RACH with backoff and preamble (re)transmission

Since we expect that the 4-step RACH will be based on the LTE procedure, it is assumed that a backoff indicator will also be supported for the RACH congestion case. Hence, we also expect that if the NW responds to a 2-step RACH using RAR, then it should also be possible to include the backoff indicator instead of an uplink grant to continue with the 4-step procedure as proposed in [2]. 
In this scenario, the reason for including backoff indicator is likely to be that the 2-step RACH resources are insufficient for the current load, and so the UE should perform backoff and restart (or continue) PRACH using the 4-step procedure. In figure 1 above an example is shown. The figure assumes a preamble partition for UEs using the 2-step and 4-step procedure, however we assume that the preamble group/partition is a NW implementation choice and so both RACH procedures might use the same set of preambles. 
Proposal 1: In case the UE receives RAR with backoff indicator in response to a 2-step RACH preamble (+message) transmission, then after performing backoff the UE uses 4-step RACH procedure. 
In addition to the case of RAR with backoff, we must also handle the case that the UE receives no response (i.e. no contention resolution message and no RAR, or no RAR containing the random access preamble identifier corresponding to the transmitted preamble). 

For LTE, this case is handled by performing PRACH retransmissions up to a maximum. However, for the 2-step RACH procedure it would be possible to perform retransmissions of the preamble only (i.e. not to retransmit the message part) using the 4-step procedure. We therefore believe it should be possible to configure the UE to perform PRACH retransmissions using the 4-step procedure after a configurable number of retransmissions using the 2-step procedure.
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 Figure 2: Fallback to 4-step RACH in case of maximum 2-step retransmissions
Proposal 2: After receiving no response to a 2-step RACH initial transmission, or reaching the maximum 2-step RACH retransmissions, the UE retransmits/restarts the PRACH procedure using the 4-step RACH procedure.
Again, figure 2 assumes a preamble grouping for the different RACH procedures. This would make it straightforward for the network to identify which preambles correspond to which procedures, and allow for a more straightforward mapping between preambles and dedicated resources for the 2-step Msg1. This means that a UE performing the fallback from 2-step to 4-step RACH will select from a different set of preambles when doing the fallback. 

Proposal 3: Preambles are grouped into at least those corresponding to 2-step and 4-step RACH, and the UE selects a preamble from the relevant group when performing the fallback from 2-step to 4-step RACH. The groups may or may not contain the same or overlapping preambles, this is up to NW implementation.

Finally, according to the proposals referenced in [2] we think that it should also be possible to fallback from 2-step to 4-step RACH without performing a preamble retransmission. In case the UE receives RAR with an UL grant, then the UE should continue with the 4-step procedure and retransmit only the message part, using the allocated UL resources.

Proposal 4: If UE receives a RAR with an UL grant in response to the 2-step RACH Msg1, then the message part is retransmitted as per Msg3 of the 4-step RACH procedure. 

3. Conclusion
In this paper we identified a number of situations in which it is desirable for the UE to reconfigure from performing the 2-step RACH procedure, to performing the 4-step RACH procedure, and make the following proposals. 

Proposal 1: In case the UE receives RAR with backoff indicator in response to a 2-step RACH preamble (+message) transmission, then after performing backoff the UE uses 4-step RACH procedure. 

Proposal 2: After receiving no response to a 2-step RACH initial transmission, or reaching the maximum 2-step RACH retransmissions, the UE retransmits/restarts the PRACH procedure using the 4-step RACH procedure.

Proposal 3: Preambles are grouped into at least those corresponding to 2-step and 4-step RACH, and the UE selects a preamble from the relevant group when performing the fallback from 2-step to 4-step RACH. The groups may or may not contain the same or overlapping preambles, this is up to NW implementation.

Proposal 4: If UE receives a RAR with an UL grant in response to the 2-step RACH Msg1, then the message part is retransmitted as per Msg3 of the 4-step RACH procedure. 
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