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1. Introduction
In the RAN2#106 meeting[1], following agreements have been made for 2-step RACH.
	Agreements:

6. For CCCH, MsgB can include the SRB RRC message.  The format should be designed for both with and without RRC message.   

7. For CCCH, for success or fallback RAR msgB can multiplex messages for multiple UEs.  FFS if we can multiplex SRB RRC messages of multiple UEs.  

8. Network response to msgA (i.e. msgB/msg2) can include the following: 

a) SuccessRAR 

b) FallbackRAR

c) Backoff Indication

FFS: format of successRAR and whether successRAR is split into more than one message and format of fallbackRAR and whether legacy msg2 can be reused for fallbackRAR
9. Proposal 10: The following fields can be included in the successRAR when CCCH message is included in msgA.

a) Contention resolution ID

b) C-RNTI

c) TA command

10. Upon receiving the fallbackRAR, the UE shall proceed to msg3 step of 4-step RACH procedure
11. FallbackRAR should contain the following fields

a) RAPID

b) UL grant (to retransmit the msgA payload). FFS on restrictions on the grant and UE behavior if different grant and rebuilding 
c) TC-RNTI

d) TA command

12.  From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
13. The UE will monitor for response message using the single msgB agreed window

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




In the last RAN1 meeting[2], following agreements have been made for the configuration of the 2-step RACH resources.
	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


According to the agreements the UE will monitor fallbackRAR and successRAR in the single receiving window. successRAR should not be multiplexed with the legacy msg2 in the same MAC PDU. But the format of fallbackRAR and whether the legacy msg2 can be reused for fallbackRAR is FFS. Whether fallbackRAR can be muliplexed with successRAR in the same MAC PDU is FFS.
In this contribution we discuss some aspects of msgB in 2-step RACH.
2. Discussion
In 2-step RACH the gNB needs to decode msgA including preamble and PUSCH and send contention resolution information in successRAR if the gNB can decode msgA PUSCH correctly. The gNB can also multiplex the SRB RRC message with successRAR if msgA contains CCCH SDU. The time the gNB needs to deal with msgA and send successRAR is assumed to be longer than the time to deal with msg1 and send msg3, and thus the RAR window size for 2-step RACH should be larger than the ra-ResponseWindow used for NR R15. In NR R15, the maximum length of ra-ResponseWindow is 10ms. To enhance the chances of obtaining a free channel by increasing the transmission opportunities for RAR transmission, NR-U design has reached the agreement in RAN2#105bis that the maximum RAR window size is extended to 20ms.

In NR, after transmitting the Random Access preamble, MAC entity starts the ra-ResponseWindow at the first PDCCH occasion from the end of the Random Access Preamble transmission. In the ra-ResponseWindow, UE monitors for PDCCH addressed to RA-RNTI, where RA-RNTI corresponding to transmitted random access preamble is determined as follows:

RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id

where, 

s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), 

t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), 

f_id is the index of the specified PRACH occasion in the frequency domain (0 ≤ f_id < 8), and

ul_carrier_id is the UL carrier used for msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).

In NR, RA-RNTI is unique within a radio frame. The ra-ResponseWindow larger than 10ms will lead to RA-RNTI ambiguity. In NR-U, several approaches have been presented to deal with the problem of RAR window larger than 10ms by enhancing the RA-RNTI formula. Such as:
Option 1:

RA-RNTI ambiguity is resolved by including the information about the radio frame in which PRACH occasion starts in RA-RNTI calculation as shown below. With this option, RAR window size of up to 30ms can be supported.
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2 × frame_id 

where,

frame_id = SFNprach modulo frame_id_max;

frame_id_max = CEIL(RAR window size in radio frames);

SFNprach is SFN of radio frame in which PRACH occasion starts;

Option 2:

Consider indexing the slots (i.e. assigning t_id to slots) sequentially from zero across every 'N' radio frames where 'N' is the RAR window size. With this approach, a ra-ResponseWindow size of up to 80ms, 40ms, 20ms can be supported for SCS of 15kHz, 30KHz and 60KHz respectively. However, window extension cannot be supported for SCS of 120KHz.
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
Where slots are indexed sequentially from zero in every 'N' system frames starting from system frame number zero, where 'N' is the ra-ResponseWindow size in radio frames.

If above approaches are applied to msgB RA-RNTI, the msgB differenciation under RAR window size larger than 10ms can be achieved. In 2-step RACH, the RAR receiving window larger than 10ms should be studied as in NR-U, e.g. unified solution with NR-U on the window size larger than 10ms.
Proposal 1: msgB RA-RNTI calculation should be studied for the msgB window larger than 10ms as in NR-U. 
However, in the above options, the RA-RNTI calculated by the first system frame in the ‘N’ system frames (RAR window size) is overlapping with the legacy RA-RNTI range. 
Using separate RO configuration for 2-step and 4-step RACH, for the preambles are shared there can be RAR confusion between msgB (fallback RAR or successRAR) and msg2 in their overlapping window in several situations:

· 2-step ROs and 4-step ROs are TDMed
· msgB window is longer than the legacy window. There can be RAR confusion for the same RA-RNTI of 2-step and 4-step RACH. As shown in the following figure, e.g., the msgB window is 20ms but the msg2 window is 10ms. The 2-step RO in the SFN#1 slot 4 and the 4-step RO in the SFN#2 slot 4 have the same RA-RNTI calculated, and thus RAR confusion is possible in the overlapping windows.
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Figure 1

· msgB window starts after msgA PUSCH transmission rather than preamble transmission. There can be RAR confusion for the same RA-RNTI of 2-step and 4-step RACH. As shown in the following figure, e.g., both the msgB window and msg2 window are 10ms. The 2-step RO in the SFN#1 slot 4 and the 4-step RO in the SFN#2 slot 4 have the same RA-RNTI calculated, and thus RAR confusion is possible in the overlapping windows.
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Figure 2
· 2-step ROs and 4-step ROs are FDMed
If f_id of 2-step RO and f_id of 4-step RO are both indexed from 0, there can be RAR confusion for the same RA-RNTI of 2-step and 4-step RACH. As shown in the following figure, e.g., both the msgB window and the msg2 window are 10ms. The 2-step RO in the SFN#2 slot 4 and the 4-step RO in the SFN#2 slot 4 have the same RA-RNTI calculated, and thus RAR confusion is possible in the overlapping windows.
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Figure 3
Proposal 2: How to avoid the RAR confusion between msgB (fallbackRAR or successRAR) and legacy msg2 should be discussed.
3. Solution
It has been agreed that msgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU. Contention resolution ID included in successRAR, the format of which is different to msg2. msgB containing successRAR should not be expected or received by R15 UE. msgB containing successRAR and the legacy msg2 should be differentiated in the physical layer, such as the RA-RNTI range of msgB does not overlap with the legacy RA-RNTI. The RAR confusion between msgB with successRAR and the legacy msg2 can be avoided.
Proposal 3: msgB containing successRAR and legacy msg2 should be differentiated in physical layer. 
According to the agreements, the contents of fallbackRAR can be same as the legacy msg2 and whether legacy msg2 can be reused for fallbackRAR is FFS. Whether fallback RAR can be multiplexed with successRAR in the same MAC PDU is FFS.
If fallbackRAR and successRAR are multiplexed in msgB, given that msgB with successRAR and legacy msg2 are differentiated in the physical layer, the legacy R15 UEs are not expected to receive fallbackRAR and the confusion between fallbackRAR and the legacy RAR can be avoided.

Proposal 4: If fallbackRAR and successRAR are multiplexed in msgB, the confusion between fallbackRAR and legacy msg2 can be avoided.
If fallbackRAR and successRAR are muliplexed in different PDUs, R15 UEs can also receive fallbackRAR. The confusion between legacy msg2 and fallbackRAR should be studied, there are two solutions:
· FallbackRAR and the legacy msg2 are separated through the physical layer approaches. For example, the RA-RNTI range of msgB containing fallbackRAR does not overlap with legacy RA-RNTI.
· gNB implements the scheduling of fallbackRAR outside the window of msg2 when the RA-RNTIs are the same for 2-step and 4-step RACH and the RAPID are also the same. As shown in the following figure, e.g., the msgB window is 20ms but the msg2 window is 10ms. The 2-step RO in the SFN#1 slot 4 and the 4-step RO in the SFN#2 slot 4 have the same RA-RNTI calculated. If the RAPIDs are also selected the same for 4-step and 2-step, the gNB should schedule the fallbackRAR outside the window of msg2.
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Figure 4
Proposal 5: If fallbackRAR and successRAR are multiplexed in different PDUs, solutions to avoid the confusion between msg2 and fallbackRAR can be considered:

· FallbackRAR and legacy msg2 are separated through physical layer approaches.
· FallbackRAR is scheduled outside the window of msg2 by gNB implementation when the RA-RNTIs are the same for 2-step and 4-step RACH and the RAPIDs are also the same.
According to the above analysis, fallbackRAR, successRAR and msg2 can be differentiated in the physical layer. More specifically, different RNTIs can be used for differentiation among fallbackRAR, successRAR and msg2. According to the agreement, successRAR and msg2 cannot be multiplexed within the same MAC PDU. If RA-RNTI is used for successRAR, successRAR and msg2 cannot be differentiated for either shared RO or separate RO case. 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 msgB, it should be supported that a different RNTI denoted as msgB-RNTI is used for msgB. If successRAR and fallbackRAR are within different MAC PDUs, a different RNTI shall be 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.
It should be noted that the applicability of Option 2 is subject to some limitations. If the msgB monitoring window is larger than 10ms, Option 2 cannot be used since reusing RA-RNTI for fallbackRAR will lead to RA-RNTI ambiguity as mentioned in Section 2. Even if the largest msgB monitoring window is not larger than 10ms, reusing RA-RNTI for fallbackRAR cannot resolve RAR confusion between fallbackRAR and msg2 for the separate ROs case as shown in Figure 2. Therefore, Option 2 can only be used when the two conditions are satisfied:

· Shared ROs but separate preambles are used for 2-step and 4-step RACH
· msgB window is less than 10ms
There should be different requirements for msgB-RNTI(s) in different cases.
Observation 1: The different requirement for msgB-RNTI(s) in different cases 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-RNTI is used for msgB
	msgB-RNTI is used for msgB

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

	Two options configurable:

msgB-RNTI is used for successRAR and msgB-RNTI-2 is used for fallbackRAR;
Or msgB-RNTI is used for successRAR and 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 ROs but separate preambles are used for 2-step and 4-step RACH
· msgB window is less than 10ms
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 discussed in NR-U if the largest msgB monitoring window is larger than 10ms as mentioned in Section 2. 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 6: 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.
4. Conclusion
In this contribution, we have discussed the aspects of msgB. We have the following observations and proposals:
Proposal 1: msgB RA-RNTI calculation should be studied for the msgB window larger than 10ms as in NR-U. 
Proposal 2: How to avoid the confusion between msgB (fallbackRAR or successRAR) and legacy msg2 should be discussed.
Proposal 3: msgB containing successRAR and legacy msg2 should be differentiated in physical layer. 
Proposal 4: If fallbackRAR and successRAR are multiplexed in msgB, the confusion between fallback RAR and legacy msg2 can be avoided.
Proposal 5: If fallbackRAR and successRAR are muliplexed in different PDUs, solutions to avoid the confusion between msg2 and fallbackRAR can be considered:

· FallbackRAR and legacy msg2 are separated through physical layer approaches.
· FallbackRAR is scheduled outside the window of msg2 by gNB implementation when the RA-RNTIs are the same for 2-step and 4-step RACH and the RAPIDs are also the same.
Observation 1: The msgB-RNTI(s) can be configured for different cases 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-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

	Two options configurable:

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 ROs but separate preambles are used for 2-step and 4-step RACH
· msgB window is less than 10ms
Proposal 6: 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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