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1 Introduction

In the WID RP-182894 of 2-step RACH, the RAN2 related objectives are as follows:

1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.

· 2-step RACH is applicable to any cell size supported in Rel-15 NR;

· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state

· Specify contention-based 2-step RACH procedure (RAN2)

· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)

· Inclusion of UCI in msgA is not precluded

· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)

· Contention resolution for 2-step RACH (RAN2)

· Design of RNTI for msgB of 2-step RACH (RAN2)

· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)

· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion

· No new triggers for 2 step RACH

For unlicensed operation:

· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 

In this paper, we discuss the contention resolution for 2-step RACH.
2 Discussion

2.1 Contention resolution for legacy 4-step RACH
For contention based 4-step RACH in current MAC specification, there are two cases specified for the UE to consider successful of contention resolution, i.e.,:

· C-RNTI MAC CE was included in msg3

· CCCH SDU was included in msg3

If the C-RNTI MAC CE was included in msg3, the MAC entity considers contention resolution successful if C-RNTI addressed PDCCH is received, as specified in the following:

2>
if the C-RNTI MAC CE was included in Msg3:

3>
if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17) and the PDCCH transmission is addressed to the C-RNTI; or

3>
if the Random Access procedure was initiated by a PDCCH order and the PDCCH transmission is addressed to the C-RNTI; or

3>
if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains a UL grant for a new transmission:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>
consider this Random Access procedure successfully completed.

If the C-RNTI MAC CE is not included in msg3, i.e., CCCH SDU case, the MAC entity considers contention resolution successful if UE Contention Resolution Identity included in msg4 matches the CCCH SDU transmitted in msg3, as specified in the following:

else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:

3>
if the MAC PDU is successfully decoded:

4>
stop ra-ContentionResolutionTimer;

4>
if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4>
if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:

5>
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

5>
if this Random Access procedure was initiated for SI request:

6>
indicate the reception of an acknowledgement for SI request to upper layers.

5>
else:

6>
set the C-RNTI to the value of the TEMPORARY_C-RNTI;

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Random Access procedure successfully completed.

Observation 1 In current 4-step RACH, the conditions of successful contention resolution are different depends on whether C-RNTI MAC was included in msg3 or not.
Observation 2 When C-RNTI MAC CE was included in msg3, contention resolution is successful when PDCCH addressed to the C-RNTI is received.
Observation 3 When C-RNTI MAC CE was NOT included in msg3, contention resolution is successful when Contention Resolution Identity included in msg4 matches the CCCH SDU in msg3.
2.2 Contention resolution for 2-step RACH

According to 2-step RACH WID, it’s agreed that all triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion. Thus, at least the following triggers are to be considered for 2-step RACH, as referred to TS 38.300:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;
-
Handover;

-
DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

-
UL data arrival during RRC_CONNECTED when there are no PUCCH resources for SR available;

-
SR failure;

-
Request by RRC upon synchronous reconfiguration;

-
Transition from RRC_INACTIVE;

-
To establish time alignment at SCell addition;

Among them, C-RNTI is not available for Initial access from RRC_IDLE, RRC Connection Re-establishment procedure and Transition from RRC_INACTIVE, and for others the C-RNTI is available at the UE. 
For the purpose of contention resolution of 2-step RACH, similar as 4-step RACH, different contention resolution mechanisms are needed depending on whether the C-RNTI is available or not.
Proposal 1 For 2-step RACH, the conditions of successful contention resolution are different depends on whether C-RNTI is available or not, like in 4-step RACH.
Besides, in 4-step RACH, an ra-ContentionResolutionTimer is used for the UE to detect the msg4 which is used for contention resolution, and ra-ResponseWindow is used for the UE to monitor RAR. Considering msgB to include the equivalent contents of msg2 and msg4, we think a similar mechanism can be reused, i.e., after transmitting msgA, a timer/window can be started for detecting msgB which is at least used for contention resolution. However, msgA consists of PRACH and PUSCH, when to trigger the timer/window should be FFS.
Proposal 2 For 2-step RACH, a contention resolution timer or window is started after transmitting msgA, details are FFS.
2.2.1 Contention resolution when C-RNTI is available
For the cases when C-RNTI is available, like in 4-step RACH, UE can include a C-RNTI MAC CE in msgA so that it can be identified by the network if it can successfully decode the msgA. 
When multiple UEs use the same resources of msgA, contention happens among them. If the gNB successfully decode the msgA which includes C-RNTI MAC CE, the UE which transmits the msgA has been identified by the gNB. From the gNB side, in order to solve the collision among those UEs, msgB can be echoed to the identified UE using the C-RNTI addressed PDCCH to schedule the msgB, similar as 4-step RACH.
As an example shown in the following figure, the C-RNTI MAC CE is part of the msgA, when gNB successfully decode msgA, the UE is identified in the gNB side. From the UE side, it considers the contention resolution successful if it receives the C-RNTI addressed PDCCH scheduling msgB.
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Proposal 3 When C-RNTI is available for 2-step RACH UE, the contention resolution is considered successful if the UE can receive the msgB scheduled by a PDCCH address to the C-RNTI which was included in the msgA.
2.2.2 Contention resolution when C-RNTI is not included in msgA

For the cases when C-RNTI is not available, like in 4-step RACH, UE can include CCCH SDU in msgA so that it can be identified by the network if it can successfully decode the msgA.

When multiple UEs use the same resources of msgA, contention happens among them. If the gNB successfully decode the msgA which includes CCCH SDU, the UE which transmits the msgA has been identified by the gNB. From the gNB side, in order to solve the collision among those UEs, msgB can be echoed to the identified UE, which include a contention resolution identity, similar as 4-step RACH.
Proposal 4 When C-RNTI is NOT available for 2-step RACH UE, the contention resolution is considered successful if a contention resolution identity included in msgB matches the CCCH SDU in msgA.

2.3 RNTI for msgB
For the case when C-RNTI available, the RNTI used for scheduling msgB can be C-RNTI which was included in msgA, as discussed in section 2.2.1.
Proposal 5 When C-RNTI is available, C-RNTI can be used for scheduling msgB.
For the case when C-RNTI is not available, gNB has no RNTI for scheduling msgB even though the msgA is successfully decoded. In 4-step RACH, the situation is similar, in which Temporary C-RNTI (TC-RNTI) is used for the PDCCH scheduling msg4. TC-RNTI is included in the RAR which is scheduled by RA-RNTI addressed PDCCH. 
In general, there are two ways:

· Option1: Use a unique ID, e.g., similar with C-RNTI, for the scheduling of msgB;

· Option2: Use a common ID, e.g., similar with RA-RNTI, for the scheduling of msgB;

For option 1, it’s difficult for the network to configure a unique ID for all the UEs, considering 2-step RACH is also used in RRC IDLE state. Besides, it’s not necessary to use a unique ID for scheduling msgB, since anyway the contention resolution from the UE depends on the contention resolution ID included in msgB.
For option 2, the common ID can be determined based on the resources of msgA, similar as the way of RA-RNTI calculation. In this way, the contention resolution still relies on the contention resolution ID included in msgB.
In order to progress, as a starting point, we think msgB can be scheduled by a PDCCH addressed to RA-RNTI which is based on the PRACH resources of msgA. Then, how to include the equivalent contents of msg2 and msg4 into msgB is FFS.
Proposal 6 When C-RNTI is not available, RA-RNTI can be used for scheduling msgB as a starting point.

Proposal 7 How to include the equivalent contents of msg2 and msg4 into msgB is FFS.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
In current 4-step RACH, the conditions of successful contention resolution are different depends on whether C-RNTI MAC was included in msg3 or not.
Observation 2
When C-RNTI MAC CE was included in msg3, contention resolution is successful when PDCCH addressed to the C-RNTI is received.
Observation 3
When C-RNTI MAC CE was NOT included in msg3, contention resolution is successful when Contention Resolution Identity included in msg4 matches the CCCH SDU in msg3.
Proposal 1
For 2-step RACH, the conditions of successful contention resolution are different depends on whether C-RNTI is available or not, like in 4-step RACH.
Proposal 2
For 2-step RACH, a contention resolution timer or window is started after transmitting msgA, details are FFS.
Proposal 3
When C-RNTI is available for 2-step RACH UE, the contention resolution is considered successful if the UE can receive the msgB scheduled by a PDCCH address to the C-RNTI which was included in the msgA.
Proposal 4
When C-RNTI is NOT available for 2-step RACH UE, the contention resolution is considered successful if a contention resolution identity included in msgB matches the CCCH SDU in msgA.
Proposal 5
When C-RNTI is available, C-RNTI can be used for scheduling msgB.
Proposal 6
When C-RNTI is not available, RA-RNTI can be used for scheduling msgB as a starting point.
Proposal 7
How to include the equivalent contents of msg2 and msg4 into msgB is FFS.
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