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1 Introduction
RAN2#106 has discussed 2-step RACH procedure and reach the following agreement:
	· For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI)
· 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.  
· Network response to msgA (i.e. msgB/msg2) can include the following: 

· SuccessRAR 

· FallbackRAR

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


This contribution discusses the issues related with the MsgB-RNTI for the MsgB reception. 
2 msgB reception for fallbackRAR
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Figure 1. Window for MsgB reception
For 4-step RACH, UEs transmit Msg1 to gNB and start the RAR window timer for the RA-RNTI scrambled PDCCH reception of Msg2 from gNB. UE transmits Msg3 based on the UL grant in Msg2 and start the contention resolution timer for the TC-RNTI PDCCH reception of Msg4 (e.g. LCH ID, contention resolution) from gNB. 

RA-RNTI is defined as follows in TS 38.321:

	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).


For 2-step RACH, UEs transmit MsgA to gNB and receive the MsgB from gNB, and the reception of the msgB can be illustrated with the above Figure 1. While, we observe that this needs to be discuss under the two cases of idle/inactive and connected UE, 
2.1 Co-existence between 2-step and 4-step RACH

In the last RAN2 meeting, the following agreement was made on the co-existence between 2-step/4-step RACH:
	MsgB containing the succcessRAR shall not be multiplexed with the legacy 4-step RACH RAR in the same MAC PDU


We have also agreed on the content of the fallbackRAR, as follows:

	· FallbackRAR should contain the following fields

· RAPID

· UL grant (to retransmit the msgA payload).  FFS on restrictions on the grant and UE behavior if different grant and rebuilding 

· TC-RNTI

· TA command


Based on the above agreement, the content of the fallbackRAR is exactly the same as the legacy RAR in release-15. Then, question arises on whether or not fallback RAR can be multiplexed within the same RAR MAC PDU with the legacy RAR. 
RAN1#96bis has discussed the 2-step RACH and 4-step RACH resource configuration and reach the agreement on the RACH configuration when 2-step RACH and 4-step RACH co-exists:

	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


For Option2, we think it can work if fallbackRAR and RAR for 2-step RACH are multiplexed within the same MAC PDU. However, for Option1, the RACH configuration for 2-step RACH and 4-step RACH can be different, such as different numerology, prach-ConfigurationIndex, FDM, ssb to RO mappings, etc. UE transmitting preamble on the 4-step RACH occasion may falsely receive RAR that is intended to UE transmitting preamble on the 2-step RACH occasion. 
Proposal 1: fallbackRAR cannot be multiplexed with the RAR for 4-step RACH in the same RAR MAC PDU. 

As observed above, if the RACH occasions between 2-step and 4-step RACH are shared, if the UE monitors the RAR/msgB with the same RNTI, there is compatibility issue that the legacy UE will not be able to recognize msgB.

Observation 1: There is a compatibility issue for the legacy UE, in case of the shared RO used for 2-step RA and 4-step RA, legacy UE cannot identify whether the MAC PDU is Msg2 or MsgB based on the same RA-RNTI.
Then, we needs to consider how to distinguish between the MsgB and Msg2 response and two options exist:
· Option 1, 2-step RA UE and 4-step RA UE derive different RA-RNTI based on the transmission RACH occasion. There’s no ambiguity for the Msg2 and MsgB reception. However, this may take a lot of space in RNTI. 

· Option 2, 2-step RA UE and 4-step RA UE derive the same RA-RNTI if two UE transmit different preamble in the same RA occasion. It is one straight-forward approach to just place them in the different TB and scheduled by the separate PDCCH search space for the 2-step RACH. Otherwise, separate RNTI value for the msgB from the legacy RNTI should be considered.

Based on the above discussion, we think Option2 should be supported. 
Proposal 2: Configure separate PDCCH search spaces for the scheduling of MsgB and Msg2.
2.2 IDLE/INACTIVE UE
For IDLE/INACTIVE UE, UE has no UE specific RNTI. RNTI for msgB monitoring needs to be defined. In R15, the RA-RNTI is derived from the time and frequency resource of PRACH. For the msgB monitoring for PDCCH, we think msgB-RNTI can also be derived based on the time-frequency resource of PRACH for msgA preamble transmission. In the last meeting, we have agreed that SRB can be included in the msgB. Note that SRB is generated by RRC in the CU, while for the legacy RAR MAC PDU, it is generated by the DU. Since the time it takes to generate the msgB is longer than that for RAR MAC PDU and the maximum length for RAR window is 10ms in R15, we think the length of window for msgB monitoring will be larger than 10ms. Hence, the RNTI for monitoring msgB will be different from RA-RNTI and a new RNTI needs to be defined. 
Proposal 3: MsgB-RNTI is calculated based on the time-frequency resource of RACH occasion. 

Then, with this new msgB-RNTI, UE monitors PDCCH addressed to msgB-RNTI for msgB.
Proposal 4: For IDLE/INAVTIVE UEs, the UE monitors PDCCH addressed to msgB-RNTI for msgB, which can include successRAR or fallbackRAR.
2.3 CONNECTED UE

For CONNECTED UE, UE ID may be not successfully identified by gNB. Therefore, UE also monitor the PDCCH with the MsgB-RNTI and C-RNTI during the MsgB timer is running. Note that this has already been agreed in the last meeting. 
Furthermore, in the last meeting, the following agreement has been made regarding the msgB reception when C_RNTI is transmitted in msgA:

	For MsgA with C-RNTI, the UE shall monitor the PDCCH addressed to C-RNTI for success response and msgB-RNTI (e.g. RA-RNTI or new RNTI) 


Then, the question is how to design this msgB-RNTI for 2-step RACH fallback indication or to re-use RA-RNTI. Since in the text above, we have proposed to monitor msgB-RNTI for fallback
Proposal 5: For msgA transmitted with C-RNTI, UE monitors PDCCH addressed to msgB-RNTI for fallbackRAR. 

3 Contents of fallbackRAR
In the last meeting, the following agreement has been made on the content of msgB/msg2 content in response to msgA

	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


Here, we would like to address the issues with fallback RAR. After reception of fallbackRAR in response to msgA, UE will continue the RACH procedure like the normal 4-step RACH procedure: transmit the msg3 with the grant received in fallbackRAR and perform contention resolution in msg4. Based on the agreement in the last meeting, the content of the fallbackRAR is exactly the same as legacy RAR in R15. Then, question arises on whether the legacy msg2 can be reused for fallbackRAR. From our understanding, this may have two-fold meanings

· legacy RAR format is reused for fallbackRAR

· fallbackRAR cannot be multiplexed with successRAR in the same msgB

The meaning in the first bullet is straight-forward, while the reason for the second bullet is that since the content of both successRAR and fallbackRAR have been determined and the content of sucessRAR is different from fallbackRAR, reusing the legacy msg2 means that fallbackRAR cannot be multiplexed within the same MAC PDU as sucessRAR.

From RAN2 point of view, we don't see any issue if we reuse the masg2 for fallbackRAR. This can also reduce the specification impacts by maximally reusing the legacy scheme. 
Proposal 6: Legacy msg2 can be reused for fallbackRAR. This implies that fallbackRAR cannot be multiplexed with the successRAR in the same msgB. 
4 Conclusion
Base on the analysis above, we make the following observations:
Observation 1: There is an ambiguity issue for the legacy UE, if the legacy Msg2 and MsgB in the same TB have different length in case of the shared RO used for 2-step RA and 4-step RA.

We also propose the following:
Proposal 1: fallbackRAR cannot be multiplexed with the RAR for 4-step RACH in the same RAR MAC PDU. 
Proposal 2: Configure separate PDCCH search spaces for the scheduling MsgB and Msg2.
Proposal 3: MsgB-RNTI is calculated based on the time-frequency resource of RACH occasion. 

Proposal 4: For IDLE/INAVTIVE UEs, the UE monitors PDCCH addressed to msgB-RNTI for msgB, which can include successRAR or fallbackRAR.
Proposal 5: For msgA transmitted with C-RNTI, UE monitors PDCCH addressed to msgB-RNTI for  RARfallback. 

Proposal 6: Legacy msg2 can be reused for fallbackRAR. This implies that fallbackRAR cannot be multiplexed with the successRAR in the same msgB. 
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