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1 Introduction
The 2 step RACH [1] refers to the procedure which can complete contention-based RACH (CBRA) in two steps. It comprises of 2 messages i.e. msgA and msgB as shown in Figure 1. The channel structure [2] of msgA includes PRACH Preamble and PUSCH carrying payload. PRACH Preamble and PUSCH in a msgA is TDMed.
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Figure 1
The work item [2] aims to specify 2-step RACH as general MAC procedure covering both physical layer and higher layer aspects. The objective is to specify only Contention based RACH procedures for 2-step RACH. In this contribution we discuss msgB aspects of 2 step contention based RACH.
2 Discussion
2.1 MsgB Reception Timing
In 4 step RACH after transmitting the Random Access Preamble (i.e. Msg1), UE starts the ra-ResponseWindow. The length of ra-ResponseWindow is configurable. UE monitors for RAR (i.e. Msg2) corresponding to its transmitted Random Access Preamble while the ra-ResponseWindow is running. Similar approach can be followed for msgB reception. Various processing delays at network side for processing msgA and msgB preparation can be handled by configuring different ra-ResponseWindow sizes in 2 step RACH configuration.
Proposal 1: UE monitors ra-ResponseWindow for msgB reception.
In 4 step RACH ra-ResponseWindow starts at the first PDCCH occasion for random access response that is atleast one symbol away from  the end of the Random Access Preamble transmission. In 2 step RACH, the channel structure of msgA includes PRACH Preamble and PUSCH carrying payload. The PRACH Preamble and PUSCH in a msgA are TDMed (Figure 2 is an example illustration). So, instead of starting ra-ResponseWindow from the end of the Random Access Preamble transmission in msgA, ra-ResponseWindow for msgB reception should start at the first PDCCH occasion for msgB reception that is at least one symbol away from the end of PUSCH in msgA.

[image: image2.emf]PRACH

(PRACH Preamble)

PUSCH

(Payload)

msgA

PRACH

(PRACH Preamble)

PUSCH

(Payload)

msgA

Gap


Figure 2
Proposal 2: ra-ResponseWindow starts at the first PDCCH occasion for msgB reception that is at least one symbol away from the end of PUSCH transmission in msgA.
2.2 PDCCH Monitoring for MsgB

The PDCCH for MsgB can be addressed using one of the following approaches. 

· Approach 1: PDCCH is addressed to RA-RNTI. 
·  The RA-RNTI is determined based on starting symbol, starting slot and frequency domain index of  PRACH occasion in which random access preamble of msgA is transmitted, UL carrier index, etc. 
· Approach 2:  PDCCH is addressed to a fixed RNTI.

·  In this approach an RNTI is reserved for 2 step RACH. 
·  In case the RACH occasions are shared between 2 step and 4 step RACH, this approach can help in distinguishing MAC PDU carrying msgB MAC PDU from legacy RAR MAC PDU.
·  In this approach UE may unnecessarily receive and decode TB(s) including msgB for UEs which have transmitted msgA in PRACH occasion same/different than the PRACH occasion in which this UE has transmitted msgA.

· Approach 3: PDCCH is addressed to C-RNTI. 

· This approach can be applied only to RRC CONNECTED state. 

·  In RRC-CONNECTED state, UE transmits C-RNTI in msgA. Upon reception of msgA, gNB is aware of C-RNTI and hence it can transmit PDCCH addressed to C-RNTI. 

·  TA command is needed when the 2 step RACH is initiated for UL timing synchronisation or during the handover/SCG addition etc. In this approach a new MAC CE needs to be defined to include TA command. After receiving msgA, gNB transmits PDCCH addressed to C-RNTI and DL TB scheduled by this PDCCH includes TA command MAC CE.
·   In case gNB is able to receive PRACH preamble part of msgA but fails to receive msgA payload, it can still transmit msgB including information to fallback to 4 step RACH. gNB can also transmit msgB including backoff indication. So UE should also monitor PDCCH addressed to RA-RNTI in ra-ResponseWindow.
Approach 3 can only be used in RRC CONNECTED state, it also requires a new TA command MAC CE and RA-RNTI also needs to be monitored. So approach 1/2 is preferred over approach 3. Amongst approach 1/2, approach 2 may lead to increased PDCCH/PDSCH decoding, so we propose to following approach 1.
Proposal 3: For msgB reception UE monitors PDCCH addressed to RA-RNTI in ra-ResponseWindow.
2.3 MsgB Contents & Contention Resolution
Case 1: 2 step RACH in RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT
The contents of msgB corresponding to successfully received msgA at gNB and criteria for successful contention resolution is as follows:
· As discussed in the companion contribution [3], in this case msgA payload includes CCCH SDU. So for contention resolution, msgB should include UE Contention Resolution Identity. The contention resolution is considered successful if UE Contention Resolution Identity in the received msgB matches the CCCH SDU transmitted in msgA.
· UE does not have a valid C-RNTI. After the msgB reception for dedicated UL/DL transmissions/receptions C-RNTI is needed. So msgB should include C-RNTI.
· msgB should also include TA command as UE does not have TA value.

· UL grant should also be included to transmit the subsequent RRC messages. Transmission in UL grant can also serve as an acknowledgement of successful reception of msgB.
· RAPID is not required in msgB as msgB includes the UE identity from msgA.
Proposal 4: For 2 step RACH in RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT, msgB corresponding to successfully received msgA at gNB includes UE Contention Resolution Identity, C-RNTI, TA Command and UL grant.
Proposal 5: For 2 step RACH, RAPID is not included in msgB corresponding to successfully received msgA at gNB.
Proposal 6:  If CCCH SDU was transmitted in msgA, contention resolution is considered successful if UE Contention Resolution Identity in the received msgB matches the CCCH SDU transmitted in msgA.
Case 2: 2 step RACH in RRC CONNECTED

· As discussed in the companion contribution [3], in this case msgA payload includes C-RNTI. So for contention resolution, msgB should include C-RNTI. Contention resolution is considered successful if C-RNTI in the received msgB matches the C-RNTI transmitted in msgA.
· TA command is not always necessary in this case. It may be needed when the 2 step RACH was initiated for UL timing synchronisation or during the handover/SCG addition etc.. However, in order to simplify the msgB format it would be simple to always include TA command.

· UL grant can be included in msgB. Transmission in UL grant can serve as an acknowledgement of successful reception of msgB.

Proposal 7: For 2 step RACH in RRC CONNECTED state, msgB corresponding to successfully received msgA at gNB includes C-RNTI, TA Command and UL grant.
Proposal 8: If C-RNTI was transmitted in msgA, contention resolution is considered successful if C-RNTI in the received msgB matches the C-RNTI transmitted in msgA.
Backoff indication in msgB: Similar to BI indication in Msg2, it should be possible for gNB to send backoff indication in msgB.
Proposal 9: As in Msg 2 backoff indication is also included in msgB.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals for 2 step RACH:
Proposal 1: UE monitors ra-ResponseWindow for msgB reception.
Proposal 2: ra-ResponseWindow starts at the first PDCCH occasion for msgB reception that is at least one symbol away from the end of PUSCH transmission in msgA.
Proposal 3: For msgB reception UE monitors PDCCH addressed to RA-RNTI in ra-ResponseWindow.
Proposal 4: For 2 step RACH in RRC IDLE, RRC INACTIVE and during RRC CONNECTION RE-ESTABLISHMENT, msgB corresponding to successfully received msgA at gNB includes UE Contention Resolution Identity, C-RNTI, TA Command and UL grant.
Proposal 5: For 2 step RACH, RAPID is not included in msgB corresponding to successfully received msgA at gNB.
Proposal 6:  If CCCH SDU was transmitted in msgA, contention resolution is considered successful if UE Contention Resolution Identity in the received msgB matches the CCCH SDU transmitted in msgA.
Proposal 7: For 2 step RACH in RRC CONNECTED state, msgB corresponding to successfully received msgA at gNB includes C-RNTI, TA Command and UL grant.
Proposal 8: If C-RNTI was transmitted in msgA, contention resolution is considered successful if C-RNTI in the received msgB matches the C-RNTI transmitted in msgA.
Proposal 9: As in Msg 2 backoff indication is also included in msgB.
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