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1. Introduction
In NR, RA-RNTI is unique within 10ms. The RAR window larger than 10ms will lead to RA-RNTI ambiguity. During the research of random access in NR-U, several approaches have been presented to deal with the problem of RAR window >10ms by enhancing the RA-RNTI formula. In the RAN2#107 meeting [1] it has been agreed to support RAR window extension without modifying RA-RNTI formula and including LSBs of SFN in RAR for NR-U:

	Agreements:

· Will support extension of RAR window without modifying RA-RNTI. 

· Include LSBs of SFN in MSG2


In the last RAN2 meeting [2], how to signal LSBs of SFN has been discussed and there are several agreements for NR-U:
Agreements:

-
From RAN2 point of view it is beneficial to include LSB of SFN in the DCI.  The same design is desirable to be used for 2-step RACH. Write LS to RAN1 to ask if there is any feasibility issues.  

-
For NR-U, 2 bits are enough for a maximum of 40ms response windows.  

-
Multiplexing of responses for more than one SFN is not allowed.

In the last RAN2 meeting [2], RAN2 agreed that MSGB should be transmitted in such a way that the legacy UEs shall not decode MSGB and to achieve this, the following alternatives were considered by RAN2:

Alt 1: MSGB using a different RNTI than MSG2 (note this is a not a UE-specific RNTI)
Alt 2: MSGB using a different search-space and/or CORESET than MSG2 (i.e. the formula to calculate the RNTI for MSGB will be same as that of MSG2)

RAN2 saw the drawbacks of Alt.1 and asked RAN1 about feasibility of having different search space/ CORESET. RAN1 responded in its LS R2-1914311/R1-1911656 [3] that no new CORESET for MsgB is defined and MsgB is received on the ra-SearchSpace. Therefore Alt.1 was agreed and RAN2 will work on specifying a new RA-RNTI design for MsgB.
In this contribution we discuss related issue of reception of MsgB in 2-step RACH, i.e. including the LSBs of SFN in MsgB and the new RA-RNTI design for MsgB.
2. Discussion
In 2-step RACH the gNB receives MsgA including preamble and PUSCH and sends contention resolution identity in the successRAR if the gNB can decode MsgA PUSCH correctly. According to the agreement, gNB can also multiplex the SRB RRC message with the successRAR if the MsgA contains CCCH SDU. The duration of gNB processing MsgA and sending the successRAR is assumed to be longer than that of processing msg1 and sending msg2, thus it has been the common understanding that the RAR window of MsgB should be larger than the window of 4-step RACH. There may be MsgB confusion for MsgB receiving window extension.
From the RAN2 point of view, for NR-U it is beneficial to include LSBs of SFN that UE transmits the preamble in the DCI scheduling RAR to avoid Msg2 confusion for RAR window extension. The same design is desirable to be used for 2-step RACH to resolve the MsgB confusion. RAN1 has been asked if there are any feasibility issues to include LSBs of SFN in the DCI. It is proposed to include LSBs of SFN in the DCI scheduling the MAC PDU for msg2 of NR-U or MsgB for 2-step RACH once it is confirmed by RAN1.
Proposal 1: LSBs of SFN should be included in the DCI scheduling the MAC PDU for msg2 of NR-U or MsgB once it is confirmed by RAN1.

If there are any issues to include LSBs of SFN in the DCI, then other approaches should be considered, such as: 1) Introduce a new RA-RNTI design to make a unique RA-RNTI value during the extended receiving window for NR-U and 2-step RACH; or 2) Introduce LSBs of SFN during which the UE sends preamble in the MAC PDU which includes Msg2 of NR-U or MsgB of 2-step RACH. However, it was agreed that RA-RNTI calculation will not be modified for RAR window extension for NR-U. Since there should be the same approach to deal with the random access window extension for both NR-U and 2-step RACH, the design of RA-RNTI for 2-step RACH or NR-U need not consider the extension of receiving window. Therefore, if there are any issues to include LSBs of SFN in the DCI, LSBs of SFN should be introduced in the MAC PDU that includes Msg2 of NR-U or MsgB. The SFN LSBs can be in each subPDU or in only one subPDU of the MAC PDU.
Proposal 2: If there are any issues to include LSBs of SFN in the DCI, LSBs of SFN should be introduced in the MAC PDU which includes Msg2 of NR-U or MsgB. The SFN LSBs can be in each subPDU or in only one subPDU of the MAC PDU. 

RAN2 agreed that MsgB should be transmitted in such a way that the legacy UEs shall not decode MsgB. It is also agreed MsgB should use a different RNTI than Msg2 to ensure a different RNTI is derived for 2-step RACH from that of 4-step RACH and RAN2 will work on specifying a new RA-RNTI design.
It seems easier to introduce an offset for the RA-RNTI calculation formula which ensures the RA-RNTI derived by the UE transmitting on 2-step RACH will be different from that derived by any UE transmitting on 4-step RACH. 

New RA-RNTI, i.e. MsgB-RNTI, can be formulated as RA-RNTI4step + offset where RA-RNTI4step denotes the 4-step RACH RA-RNTI. RA-RNTI4step reuses the RA-RNTI formula of 4-step RACH since RA-RNTI calculation needs not be changed for RAR window extension. RA-RNTI4step is used to ensure the unique RNTI among different ROs within 10ms and the frame within the MsgB receiving window that the MsgB belongs to can be indicated by the LSBs of SFN in the DCI or the MAC PDU of the MsgB. An offset is used to ensure different RNTIs between 2-step RACH ROs and 4-step RACH ROs. The offset can be 14 × 80 × 8 × 2 = 17920.
For 4-step RACH, the RA-RNTI is derived based on the following formula:

The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:

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 PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).

It seems that the RA-RNTI can be derived by following formula considering different RNTIs between 2-step RACH and 4-step RACH and the RNTI of 2-step RACH is based on an offset to that of 4-step RACH. The RA-RNTI can be computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2 × ra_id 
Where s_id, t_id, f_id and ul_carrier_id are the same define with the legacy RA-RNTI formula, and ra_id is the RACH type indicator (1 for 2-step RACH and 0 for 4-step RACH).
Proposal 3: Approve following RA-RNTI calculation to ensure different RNTIs between 2-step RACH and 4-step RACH: 
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2 × ra_id 
Where s_id, t_id, f_id and ul_carrier_id are the same define with the legacy RA-RNTI formula, and ra_id is the RACH type indicator (1 for 2-step RACH and 0 for 4-step RACH).
The RA-RNTI calculation formula for 4-step RACH is equal to the above formula with ra_id set to 0 and the MsgB-RNTI can be derived from the above formula with ra_id set to 1. Therefor MsgB-RNTI associated with the the 2-step ROs can be computed as:
MsgB-RNTI=1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 17920
Where s_id, t_id, f_id and ul_carrier_id are the same define with the RA-RNTI formula.
Proposal 4: Adopt following calculation formula for computing MsgB-RNTI associated with the 2-step ROs:
MsgB-RNTI=1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 17920
Where s_id, t_id, f_id and ul_carrier_id are the same define with the RA-RNTI formula.
3. Conclusion
In this contribution, we have discussed the related issues of MsgB reception. We have the following proposals:
Proposal 1: LSBs of SFN should be included in the DCI scheduling the MAC PDU for msg2 of NR-U or MsgB once it is confirmed by RAN1.

Proposal 2: If there are any issues to include LSBs of SFN in the DCI, LSBs of SFN should be introduced in the MAC PDU which includes Msg2 of NR-U or MsgB. The SFN LSBs can be in each subPDU or in only one subPDU of the MAC PDU. 

Proposal 3: Approve following RA-RNTI calculation to ensure different RNTIs between 2-step RACH and 4-step RACH: 

RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2 × ra_id 
Where s_id, t_id, f_id and ul_carrier_id are the same define with the legacy RA-RNTI formula, and ra_id is the RACH type indicator (1 for 2-step RACH and 0 for 4-step RACH).
Proposal 4: Adopt following calculation formula for computing MsgB-RNTI associated with the 2-step ROs:

MsgB-RNTI=1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 17920
Where s_id, t_id, f_id and ul_carrier_id are the same define with the RA-RNTI formula.
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