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1. Introduction
In the RAN1#96b meeting, the following agreements have been made for the configuration of the 2-step RACH resources [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 the RAN2#106 meeting, the following agreements have been made for the multiplexing of 2-step and 4-step RACH RARs [2].

	Agreements:

· MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU


In the contribution, we discuss the method to differentiate different RARs considering the above agreements on the resource configuration and RAR multiplexing. 
2. Discussion
In 2-step RACH, preamble and PUSCH are combined as msgA. msgA PUSCH resource is associated with the PRACH occasion UE selected to send the 2-step preamble. The gNB can first detect the preamble and then decode the msgA PUSCH which is associated with the preamble index (RAPID) and PRACH occasion. The gNB can send successRAR containing msg2 and msg4 to the UE, which efficiently reduces the latency and saves the signalling overhead. However, the gNB may fail to decode the msgA PUSCH. In that case, the gNB can send fallbackRAR towards the UE, so that the UE can retransmit the msgA data on the UL resource granted by fallbackRAR. 
With 2-step RACH introduced in R16, there will be at least three types of random access response (RAR), including the legacy RAR, fallbackRAR and successRAR. Different UEs should be able to identify different types of RARs. For example, R15 UE should identify the legacy RAR while R16 UE should identify the legacy RAR, fallbackRAR and successRAR. To distinguish msgB and msg2, the following physical layer parameters or configurations can be considered, including:
· RNTI
· PDCCH search space

· DCI field

Among them, RNTI is preferred to be used for the differentiation. More specifically, the regular 4-step RACH RA-RNTI is used for msg2, and a new type of RA-RNTI (msgB-RNTI) is used for msgB. Other options cannot be used alone to achieve the differentiation. If DCI fields are used only, R15 UE cannot understand the newly defined or redefined DCI fields and thus cannot distinguish whether the DCI is for msgB or msg2. If different PDCCH search spaces are used for msgB and msg2, usually different PDCCH search spaces need different RNTIs to avoid PDCCH ambiguity in case of search space overlapping. Additionally, a new type of RA-RNTI will be needed for msgB if the largest msgB monitoring window is extended to be larger than 10ms. Therefore, it should be supported that msgB-RNTI is used for msgB, or two msgB-RNTIs are used for fallbackRAR and successRAR respectively. 
Proposal 1: msgB-RNTI(s) should be used for msgB where msgB-RNTI(s) is different from RA-RNTI.
According to the agreement in the RAN2#106 meeting, msgB containing successRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU. Therefore, at least a RNTI different from RA-RNTI is needed for successRAR to avoid confusion with msg2. Based on this, if successRAR and fallbackRAR are multiplexed within the same MAC PDU (msgB), it should be supported that a different RNTI (msgB-RNTI) is used for msgB. If successRAR and fallbackRAR are within different MAC PDUs, still a different RNTI is needed for successRAR as aforementioned, and a further question is whether a different RNTI is required for fallbackRAR. Two options are provided as follows.
· Option 1: msgB-RNTI is used for successRAR, and msgB-RNTI-2 is used for fallbackRAR.

· Option 2: msgB-RNTI is used for successRAR, and RA-RNTI is used for fallbackRAR.

Option 2 can be used e.g. when fallbackRAR reuses the MAC structure of msg2 and is multiplexed with msg2 in one MAC PDU. For Option 2, even if RA-RNTI cannot distinguish fallbackRAR and msg2, RAPID can be used to distinguish fallbackRAR and msg2. However, the applicability of Option 2 is subject to some limitations, and thus Option 2 cannot be used alone. If the largest msgB monitoring window is larger than 10ms, Option 2 does not work since reusing RA-RNTI for fallbackRAR will lead to RA-RNTI ambiguity even for 2-step RACH itself. Even if the largest msgB monitoring window is not larger than 10ms, Option 2 cannot be used for the case in Figure 1 where separate ROs are configured for 2-step and 4-step RACH. This is because fallbackRAR and msg2 cannot be differentiated within the overlapping period if the same preamble (RAPID) is used in RO1 and RO2. Therefore, Option 2 cannot be used alone. To address all the use cases, Option 2 should be used together with Option 1. For example, Option 2 is used for the shared RO case where preambles should be different between 2-step and 4-step RACH, and Option 1 is used for the separate RO case where there is no limitation on the use of preambles.
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Figure 1 An example to show the overlapped monitoring windows

Based on the above discussions, we can have the following observations.
Observation 1: The usage of msgB-RNTI(s) is according to the following table.

	
	Separate ROs for 2-step and 4-step RACH
	Shared ROs for 2-step and 4-step RACH

	fallbackRAR and successRAR within the same MAC PDU (msgB)
	msgB-RNTI is used for msgB
	msgB-RNTI is used for msgB

	fallbackRAR and successRAR within different MAC PDUs
	msgB-RNTI is used for successRAR, msgB-RNTI-2 is used for fallbackRAR

	msgB-RNTI is used for successRAR, msgB-RNTI-2 is used for fallbackRAR, or msgB-RNTI is used for successRAR, RA-RNTI is used for fallbackRAR


Observation 2: If RA-RNTI is used for fallbackRAR and msgB-RNTI is used for successRAR, the following conditions should be satisfied. 
· Shared RO but separate preambles are used for 2-step and 4-step RACH
· msgB-monitoring window is not larger than 10ms
If fallbackRAR and successRAR are multiplexed within one MAC PDU, we can have the following proposal.
Proposal 2: If fallbackRAR and successRAR are multiplexed within one MAC PDU (msgB), it should be supported that msgB-RNTI is used for msgB.
If fallbackRAR and successRAR are within different MAC PDUs, at least Option 1 is needed according to the above discussions. Therefore, we can have the following proposal.
Proposal 3: If fallbackRAR and successRAR are within different MAC PDUs, it should be supported that msgB-RNTI is used for successRAR and msgB-RNTI-2 is used for fallbackRAR.
As for the RNTI design, msgB-RNTI can be formulated as msgB-RNTI = RA-RNTI2step + offset where RA-RNTI2step denotes the basic 2-step RACH RA-RNTI. RA-RNTI2step can reuse the RA-RNTI formula of 4-step RACH if the largest msgB monitoring window is not larger than 10ms, or use any formula applicable to the case where the largest msgB monitoring window is larger than 10ms. RA-RNTI2step is used to avoid RNTI ambiguity among different 2-step RACH ROs. On top of it, offset is used to avoid RNTI ambiguity between 2-step RACH and 4-step RACH ROs. The offset value can be fixed or configurable. For example, it can be fixed to the maximum value of 4-step RACH RA-RNTI and thus there will be no overlapping between RA-RNTI and msgB-RNTI. Or gNB can have the flexibility to configure the offset to any value via SIB1 and/or RRC as long as overlapping between RA-RNTI and msgB-RNTI can be avoided. If two msgB-RNTIs are required, the other RNTI can be formulated as msgB-RNTI-2 = msgB-RNTI + offset2 where offset2 is used to avoid overlapping between msgB-RNTI and msgB-RNTI-2. Equivalently, msgB-RNTI-2 can be seen as the sum of RA-RNTI2step and two offsets, i.e., msgB-RNTI-2 = RA-RNTI2step + offset + offset2.
Proposal 4: msgB-RNTI(s) should be obtained by adding offset(s) onto a basic 2-step RACH RA-RNTI. Whether offset(s) is fixed or configurable is FFS.
3. Summary of Proposals
In this contribution, we share some discussions on how to identify msgB and msg2. The proposals and observations are summarized as follows.
Proposal 1: msgB-RNTI(s) should be used for msgB where msgB-RNTI(s) is different from RA-RNTI.

Observation 1: The usage of msgB-RNTI(s) is according to the following table.

	
	Separate ROs for 2-step and 4-step RACH
	Shared ROs for 2-step and 4-step RACH

	fallbackRAR and successRAR within the same MAC PDU (msgB)
	msgB-RNTI is used for msgB
	msgB-RNTI is used for msgB

	fallbackRAR and successRAR within different MAC PDUs
	msgB-RNTI is used for successRAR, msgB-RNTI-2 is used for fallbackRAR

	msgB-RNTI is used for successRAR, msgB-RNTI-2 is used for fallbackRAR, or msgB-RNTI is used for successRAR, RA-RNTI is used for fallbackRAR


Observation 2: If RA-RNTI is used for fallbackRAR and msgB-RNTI is used for successRAR, the following conditions should be satisfied. 
· Shared RO but separate preambles are used for 2-step and 4-step RACH
· msgB-monitoring window is not larger than 10ms
Proposal 2: If fallbackRAR and successRAR are multiplexed within one MAC PDU (msgB), it should be supported that msgB-RNTI is used for msgB.
Proposal 3: If fallbackRAR and successRAR are within different MAC PDUs, it should be supported that msgB-RNTI is used for successRAR and msgB-RNTI-2 is used for fallbackRAR.
Proposal 4: msgB-RNTI(s) should be obtained by adding offset(s) onto a basic 2-step RACH RA-RNTI. Whether offset(s) is fixed or configurable is FFS.
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