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1 Introduction

In last RAN2 AH#1807 meeting, for RACH, it has been agreed:
· R2 assumes that recurring transmissions of SSB/PBCH and RMSI will be available, but possibly with reduced opportunities due to LBT (details pending R1 decisions)

· The NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is used as a baseline. Changes, e.g. the handling of missing measurement samples, should be studied after RAN1 makes sufficient progress on RS transmissions.

· Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.
· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

In this paper, we discuss the procedure for two-steps RACH.
2 Discussion

In NR, both 4-steps contention based RACH and 2-steps contention free RACH are supported. 4-steps contention based RACH can be triggered, for example, when UE initially access the network from RRC idle mode. 2-steps RACH is used when dedicated RACH resources are configured, it may be triggered when UL/DL data is arrival while the uplink is out of sync.
For NR-U, there was a discussion to study a simplified 2-steps RACH, in order to compensate the effect due to channel uncertainty.

The basic idea of simplified 2-steps RACH is based on the 4-steps contention based RACH, with the combination of msg1 and msg3 as new msg1, and combination of msg2 and msg4 as new msg2. A general procedure can be shown in the following figure:

[image: image2.png]new msg1

new msg2





Based on this assumption, we think there are in general three aspects need to be considered from RAN2 perspective:
· Contents of new msg1 and msg2
· Contention resolution
· 4-steps RACH and 2-steps RACH switching

2.1 Contents for the new message

Different RACH events may have different messages. Typically, 4-steps RACH may be triggered when UE is in RRC idle mode, inactive mode or connected mode, which results in different msg3 and msg4. A simple illustration of the contents for 4-steps RACH can be shown in the following table for different RRC states:
Table 1 Contents of 4-steps RACH for different RACH triggering event
	
	Msg1
	Msg2
	Msg3
	Msg4

	RRC idle
	Preamble
	RAR addressed to RA-RNTI including:

· BI (optional);

· RAPID;

· TA;

· UL grant;

· Temporary C-RNTI;
	RRC setup request

	RRC setup

	RRC inactive
	
	
	RRC resume request
	RRC resume

	RRC connected
	
	
	C-RNTI MAC CE
	No RRC message


Before discussing the contents for new msg1 and new msg2 for the simplified 2-steps RACH, one question is which events will trigger 2-steps RACH? If RAN2 decides all the events triggering 4-steps RACH can be used to trigger 2-steps RACH, the new msg1 design should take into account different msg3 size, and it may have impacts on the design of physical channel for transmitting new msg1.
Proposal 1 RAN2 to discuss which events can trigger simplified 2-steps RACH, the events may include: initial access from RRC_IDLE, transition from RRC_INACTIVE, DL/UL data arrival when uplink is out of sync, handover.
Based on table 1, if RAN2 agreed to support simplified 2-steps RACH for all the events which can trigger 4-steps RACH, there maybe three types of new msg1 and new msg3 as shown further in the following table:
Table 2 Contents for 2-steps RACH
	
	New msg1
	New msg2

	RRC idle
	Preamble + RRC setup request
	RAR + RRC setup

	RRC inactive
	Preamble + RRC resume request
	RAR + RRC resume

	RRC connected
	Preamble + C-RNTI
	RAR


It can be observed that different combination may have different size for the new msg1. Since it’s up to RAN1 design for the new msg1 physical channel. Thus, it could be beneficial if RAN2 can inform RAN1 that different msg1 size should be supported.
Proposal 2 RAN2 discusses the size and contents of new msg1 and inform RAN1 the defined size.

2.2 Contention resolution
Depending on the physical layer design, the new msg1 can be transmitted by configured PRACH resources and configured uplink resources. The configured uplink resources can be PUSCH or PUCCH or other channels, which carries the payload, i.e., RRC setup request, RRC resume request or C-RNTI.

There are several cases after UE transmits new msg1:
· Case1: preamble and payload are received successfully by the network;
· Case2: preamble is received successfully but payload fails;

· Case3: preamble fails but payload is successfully received;

· Case4: neither preamble nor payload is received.
The contention resolution should be discussed case by case:
For case1, from the network side, the collision is resolved since the network can identify the UE by the payload which includes the UE ID. From the UE side, depending on how new msg2 is designed, there are several options to resolve the collision:
· Option 1: the RAR should be re-designed so that the UE ID can be included to resolve the collision;

· For option 1, since multiple UEs may choose the same PRACH resources, these UEs can decode the RAR using the same RA-RNTI. RAR can be extended to include the UE ID so that the UE can resolve the collision. 

· Option 2: the RAR can be used as baseline, then a follow-up message which is scheduled by a PDCCH addressed to the UE ID, e.g., C-RNTI;

· For option 2, RAR can still be used but a follow-up message may be scheduled by a PDCCH addressed to the UE ID, e.g., C-RNTI. If the UE successfully decode the PDCCH addressed to the C-RNTI, the collision is resolved. The UE ID may not be C-RNTI, for example, in RRC IDLE mode, 5G-S-TMSI is used, then some mapping rule should be defined between 5G-S-TMIS and C-RNTI.
Proposal 3 RAN2 discusses how to resolve the collision when new msg1 is successfully received by the network, such as re-design the RAR or reuse RAR but with a follow-up message. 
For case2 and case 4, it’s not possible for either the network or the UE to resolve the collision since multiple UEs can use the same PRACH resources. For case3, collision can be resolved in the network side, however, since the preamble is not decoded successfully, UE may fails to receive the RAR. In either cases, the UE can choose the retransmission of the new msg1.
Proposal 4 When new msg1 is not received successfully, UE can retransmit the new msg1.
2.3 4-steps RACH and 2-steps RACH switching
When 2-steps RACH is supported, one question is how to select the RACH type for a UE. The network should be able to configure which type of RACH the UE can choose, such as through different PRACH resources.
Proposal 5 Network should be able to configure the UE whether 4-steps RACH or 2-steps RACH can be performed.

In some cases, it’s also beneficial that the UE can fall back to 4-steps RACH when 2-steps RACH is performed. In above case2, i.e., preamble is received successfully but payload fails, the UE should be able to receive the RAR in which the TA and UL grant is included. Instead of retransmitting the new msg1, the UE can fall back to 4-steps RACH, i.e., msg3 is transmitted using the UL grant.
Proposal 6 It’s beneficial for the UE to fall back to 4-steps RACH when 2-steps RACH fails.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
RAN2 to discuss which events can trigger simplified 2-steps RACH, the events may include: initial access from RRC_IDLE, transition from RRC_INACTIVE, DL/UL data arrival when uplink is out of sync, handover.
Proposal 2
RAN2 discusses the size and contents of new msg1 and inform RAN1 the defined size.
Proposal 3
RAN2 discusses how to resolve the collision when new msg1 is successfully received by the network, such as re-design the RAR or reuse RAR but with a follow-up message.
Proposal 4
When new msg1 is not received successfully, UE can retransmit the new msg1.
Proposal 5
Network should be able to configure the UE whether 4-steps RACH or 2-steps RACH can be performed.
Proposal 6
It’s beneficial for the UE to fall back to 4-steps RACH when 2-steps RACH fails.
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