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

1. From RAN2 perspective, 2-step RACH selections can be based on indicating to all UEs via SIB, or dedicated configuration in RRC_CONNECTED/INACTIVE/IDLE states.  FFS if radio quality is used for 2-step RACH selection. 

2. From RAN2 perspective, for msgA retransmission (i.e. preamble and PUSCH) we assume that the UE retries on 2-step RACH  

3. FFS whether the UE can fallback to 4-step RACH after certain time.  Ask RAN1 whether the preamble transmission performance for 2-step RACH and 4-step RACH is the same.  

4. 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) 

5. Contention resolution:

a. If the PDU PDCCH addressed to the C-RNTI (i.e. C-RNTI included in MsgA) containing the 12 bit TA command is received, the UE should consider the contention resolution to be successful and stop the reception of MsgB or with UL grant if the UE is synchronized already.

b. If the corresponding fallback RAR is detected, the UE should stop the monitoring of PDCCH addressed to the corresponding C-RNTI for success response and process the fallback operation accordingly.

c. If neither corresponding fallback RAR nor PDCCH addressed C-RNTI is detected within the response window, the UE should consider the msgA attempt failed and do back off operation based on the backoff indicator if received in MsgB.

d. FFS if a new MAC CE with 12bits Timing Advanced Command shall be introduced

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


As the agreement the back off operation is performed when contention resolution fails for the UE and the UE fails to fall back to 4-step RACH. The Back off indication for msgA is introduced in RAR. However the back off operation in other cases are not discussed. As the agreement network response to msgA can include successRAR, fallbackRAR and back off indication, but how to multiplex BI in the MAC PDU is not determined.
In this contribution we discuss the back off issue combined with the RAR MAC PDU design.

2. Discussion
In 2-step RA, UEs that transmitted msgA can fall back to 4-step RACH on receiving the fall-back RAR. If the 4-step RACH contention resolution is not successful after falling back to 4-step RACH, UE will continue to retry on 4-step RACH. There is a possibility to transmit msg1 on the 4-step RO after UE falling back to 4-step RACH from 2-step RACH. When the UE that transmitted msgA receives msgB, if the 2-step contention resolution is not successful, or if the UE can’t receive fall-back RAR and successRAR within the receiving window, UE will continue to try on 2-step RACH. After initiating 2-step RACH and the random access is not completed, the UE may retransmit msgA or transmit msg1 after falling back to 4-step RACH.

Observation: After initiating 2-step RACH and the random access is not completed, UE may transmit msg1 after falling back to 4-step RACH.
Back off indication(BI) is used to inform the UE about the back off value the UE uses to retransmit msg1/msgA on RO. For the UE that may transmit msg1 after falling back to 4-step RACH, the BI for msg1 should be studied in 2-step RACH. Now, only the BI for msgA has been considered by RAN2, therefore RAN2 should also consider the BI for msg1 in 2-step RACH.
Proposal 1: RAN2 should also consider the BI for msg1.
If the 4-step RACH contention resolution is not successful after falling back to 4-step RACH, UE will transmit msg1 to continue the random access. If the UE carries out back off before the first msg1 attempt, the BI for msg1 should be introduced in the RAR of the 2-step RACH, which includes fallbackRAR and successRAR. After the first msg1 attempt UE can carry out the back off operation following the existing back off procedure in 4-step RACH. However, if the UE does not carry out back off before the first msg1 attempt, the BI for msg1 should not be introduced in RAR of the 2-step RACH. RAN2 should decide whether UEs carry out back off before the first msg1 attempt after falling back to the 4-step RACH.
Proposal 2: If the UE carries out back off before the first msg1 attempt after falling back to 4-step RACH, the BI for msg1 should be introduced in RAR; otherwise, the BI for msg1 should not be introduced in RAR.
In the RAN1#96bis meeting, 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


Since ROs are configured separately for 2-step and 4-step RACH, the load condition can be different in 2-step RO and 4-step RO. If the BI for msg1 is introduced in RAR of 2-step RACH, the BI of msg1 should be independent to the BI of msgA.
The gNB can send BI for msgA according to the load of the 2-step ROs and send BI for msg1 based on the load of 4-step ROs in the 2-step RAR. UEs that initiated 2-step RACH but do not complete the access successfully will carry out back-off before the next msgA transmission according to the BI for msgA from the RAR. Or the UEs will carry out back off before the first msg1 transmission after access failure when falling back to 4-step RACH according to the BI for msg1 from the RAR. 
Proposal 3: If the BI for msg1 is introduced in RAR, the BI for msg1 should be independent to the BI for msgA.
3. Solution
Depending on whether BI for msg1 introduced in RAR, there are different solutions for the BI design.

3.1 BI for msg1 is not introduced in RAR
If the UEs don’t carry out back-off for the first msg1 attempt after contention resolution they fail when falling back to 4-step RACH, BI for msg1 is not introduced in RAR and only BI for msgA is included in RAR.
It is not yet decided whether fallbackRAR and successRAR are multiplexed in one PDU or not. If fallbackRAR and successRAR are in the same RAR PDU, then the BI for msgA should be multiplexed in the RAR PDU as shown in the following figure: 
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If fallbackRAR and successRAR are contained in seperate PDUs, the BI can be in the fallbackRAR PDU or in the successRAR PDU. There is already a BI field in the legacy msg2 and the fallbackRAR which can reuse the legacy msg2 format, so there is less specification impact to have the BI for msgA in the fallbackRAR PDU. However, in that case the gNB always has to transmit the fallbackRAR PDU with BI field although no fallbackRAR is to be sent. RAN2 should discuss if the BI field is in the fallbackRAR PDU or in the successRAR PDU. The following figure is an illustration of the BI field in the successRAR PDU.
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Proposal 4: Given that BI for msg1 is not introduced in RAR:

· If fallbackRAR and successRAR are in the same RAR PDU, the BI for msgA is multiplexed in the RAR PDU. 
· If fallbackRAR and successRAR are contained in separate PDUs, RAN2 should further discuss if the BI field is in the fallbackRAR PDU or in the successRAR PDU.
3.2 BI for msg1 is introduced in RAR
If UEs carry out back off on the first msg1 attempt after contention resolution failure when falling back to 4-step RACH, BI for msg1 should be included in RAR as well as the BI for msgA.
If the fallbackRAR and the successRAR are in the same RAR PDU, BI for msgA and BI for msg1 should be multiplexed in the RAR PDU as the following figure:
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If the fallbackRAR and the successRAR are contained in separate PDUs, both BIs can be in the fallbackRAR PDU or the successRAR PDU. There is already a BI field in the legacy msg2 and the fallbackRAR which can reuse the legacy msg2 format,  it’s simpler to have one BI for 2-step RACH in the fallbackRAR PDU and another SI in the successRAR PDU. It’s straight forward to have the BI for msg1 in the fallbackRAR PDU and the BI for msgA in the successRAR PDU as shown in the following figure:

[image: image4]
Proposal 5: Given that BI for msg1 is introduced in RAR:
· If fallbackRAR and successRAR are in the same RAR PDU, BIs for msgA and BI for msg1 should be multiplexed in the RAR PDU.
· If fallbackRAR and successRAR are contained in separate PDUs, the BI for msg1 should be in the fallbackRAR PDU and the BI for msgA in the successRAR PDU.

4. Summary of Proposals
In this contribution, we have discussed back off related issue. We have the following observation and proposals:

Observation: After initiating 2-step RACH and the random access is not completed, UE may transmit msg1 after falling back to 4-step RACH.
Proposal 1: RAN2 should also consider the BI for msg1.
Proposal 2: If the UE carries out back off before the first msg1 attempt after falling back to 4-step RACH, the BI for msg1 should be introduced in RAR; otherwise, the BI for msg1 should not be introduced in RAR.
Proposal 3: If the BI for msg1 is introduced in RAR, the BI for msg1 should be independent to the BI for msgA.
Proposal 4: Given that BI for msg1 is not introduced in RAR:

· If fallbackRAR and successRAR are in the same RAR PDU, the BI for msgA is multiplexed in the RAR PDU. 
· If fallbackRAR and successRAR are contained in separate PDUs, RAN2 should further discuss if the BI field is in the fallbackRAR PDU or in the successRAR PDU.
Proposal 5: Given that BI for msg1 is introduced in RAR:
· If fallbackRAR and successRAR are in the same RAR PDU, BIs for msgA and BI for msg1 should be multiplexed in the RAR PDU.

· If fallbackRAR and successRAR are contained in separate PDUs, the BI for msg1 should be in the fallbackRAR PDU and the BI for msgA in the successRAR PDU.
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