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1 Introduction
In RAN2#106 meeting, the following agreements were reached for the 2-step RACH [1]:

	Agreements
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
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



In this contribution, we study the mechanisms for the UE to indicate successful contention resolution to the network in 2-step RACH, so that the random access procedure can be completed successfully with the UE and the network states synchronised.
2 Discussion
2.1 CCCH case
In 4-step RACH, when Msg4 was addressed to the TC-RNTI, the UE that successfully completes the contention resolution transmits HARQ acknowledgement for Msg4. This is the final step of contention resolution for the TC-RNTI case.
This is specified in 38.321 as below [2]:
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…
1>	if the HARQ process is associated with a transmission indicated with a Temporary C-RNTI and the Contention Resolution is not yet successful (see subclause 5.1.5); or
1>	if the HARQ process is equal to the broadcast process; or
1>	if the timeAlignmentTimer, associated with the TAG containing the Serving Cell on which the HARQ feedback is to be transmitted, is stopped or expired:
2>	not instruct the physical layer to generate acknowledgement(s) of the data in this TB.
1>	else:
2>	instruct the physical layer to generate acknowledgement(s) of the data in this TB.
…



The HARQ feedback confirms to the network that the contention resolution has been successfully completed on the UE, so that the network and the UE are synchronised with regards to the RA procedure.
Using the HARQ acknowledgement as confirmation for contention resolution when possible (e.g. CCCH, or TC-RNTI case) is a proven and resource efficient method in 4-step RACH and should be re-used in 2-step RACH.
Observation 1: Using HARQ acknowledgement to confirm successful contention resolution for CCCH case is a resource efficient and proven method in 4-step RACH.
In 2-step RACH, when CCCH SDU has been included in MsgA (CCCH case), the UE monitors PDCCH for MsgB-RNTI. On reception of MsgB, if the contention resolution has been successful, the UE should transmit HARQ acknowledgement for MsgB, similar to 4-step RACH.
Proposal 1:  For the CCCH case in 2-step RACH, the UE transmits HARQ acknowledgement for MsgB if the contention resolution has been successful.
In Rel-15, it is only possible for one UE to transmit HARQ feedback in the uplink for one DL MAC PDU. If more than one UE transmit the HARQ feedback for the same DL MAC PDU, the network cannot detect which UE(s) have sent the HARQ feedback and which UE(s) have not. Other methods for acknowledgement, such as transmitting using the UL grant are too resource intensive and may not be feasible.
Observation 2: In Rel-15, only one UE can acknowledge a DL MAC PDU using the HARQ feedback.
To complete the handshake between the UE and the network, there should only be up to one successRAR within one MsgB. As each SRB RRC message can be linked with one successRAR, this also implies that SRB RRC messages of multiple UEs cannot be multiplexed in one MsgB.
Proposal 2: For the CCCH case, there is up to one successRAR in MsgB, which means that SRB RRC messages of multiple UEs cannot be multiplexed in one MsgB.
If the proposal above is not acceptable, RAN2 should check with RAN1 if it is possible to support more than one UE transmitting UL HARQ feedback for a DL MAC PDU.
Proposal 3: If Proposals 1 and 2 are not acceptable, RAN2 should check with RAN1 if HARQ feedback from multiple UEs for a single PDU can be multiplexed in PUCCH.

2.2 C-RNTI case
If the C-RNTI MAC CE was included in Msg3 (C-RNTI case) in 4-step RACH, and if the RA procedure was initiated by MAC or RRC (except for beam failure recovery), an UL grant is signalled by the network to the UE. The UE performs UL transmission using the UL grant provided, and this confirms the successful contention resolution to the network.
This is specified in 38.321 as below [2]:
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…
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.
…



In 2-step RACH, if the UE was already UL synchronised with the network, the network can respond to MsgA with an UL grant addressed to C-RNTI. In this case, the UE indicates successful contention resolution to the network by performing UL transmission using the UL grant provided.
Proposal 4: For the C-RNTI case when the UE is already UL synchronised and receives PDCCH addressed to C-RNTI containing an UL grant, transmission by the UE using the UL grant indicates successful contention resolution to the network.
If the UE was not already UL synchronised, the network should include a 12 bit TA command in MsgB, and the UE can indicate successful contention resolution by transmitting HARQ acknowledgement for MsgB. Note that this case is new for 2-step RACH, because the TA Command would be sent in Msg2 (RAR) in 4-step RACH.
Proposal 5: For the C-RNTI case when the UE is not UL synchronised and receives DL MAC PDU with PDCCH addressed to C-RNTI containing a 12 bit TA command, the UE transmits HARQ acknowledgement for the DL MAC PDU as part of the normal HARQ operation and this indicates successful contention resolution to the network.

3 Conclusion
In this contribution, we have the following observations and proposal on the contention resolution of 2-step RACH:
Observation 1: Using HARQ acknowledgement to confirm successful contention resolution for CCCH case is a resource efficient and proven method in 4-step RACH.
Observation 2: In Rel-15, only one UE can acknowledge a DL MAC PDU using the HARQ feedback.

Proposal 1:  For the CCCH case in 2-step RACH, the UE transmits HARQ acknowledgement for MsgB if the contention resolution has been successful.
Proposal 2: For the CCCH case, there is up to one successRAR in MsgB, which means that SRB RRC messages of multiple UEs cannot be multiplexed in one MsgB.
Proposal 3: If Proposals 1 and 2 are not acceptable, RAN2 should check with RAN1 if HARQ feedback from multiple UEs for a single PDU can be multiplexed in PUCCH.
Proposal 4: For the C-RNTI case when the UE is already UL synchronised and receives PDCCH addressed to C-RNTI containing an UL grant, transmission by the UE using the UL grant indicates successful contention resolution to the network.
Proposal 5: For the C-RNTI case when the UE is not UL synchronised and receives DL MAC PDU with PDCCH addressed to C-RNTI containing a 12 bit TA command, the UE transmits HARQ acknowledgement for the DL MAC PDU as part of the normal HARQ operation and this indicates successful contention resolution to the network.
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