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1. 
Introduction
The RACH procedures for below 6GHz are presented in [1]. The high level PRACH design is discussed in [2] and evaluated in [3]. In LTE, there is only one RACH timeline that is applied to all scenarios and use cases. NR supports multiple numerologies, various services with different latency requirements, etc. Hence, one RACH timeline for all use cases might not be efficient. Below we analyze some use cases and address the need for RACH timeline optimization.
· Initial access when UE has uplink or downlink data arrival: 
· When UE transitions from RRC-Idle to RRC-Connected Active, it is beneficial to improve the PRACH timeline, but not critical for most of applications e.g. URLLC can go through the similar PRACH procedure, then configured to URLLC
· When UE transitions from RRC-Connected Inactive to RRC-Connected Active, it is desirable to improve the PRACH timeline to have the transition between inactive and active more seamless
· Handover to a target cell in RRC-Connected: 
· There is clear benefit to reduce the PRACH timeline, especially if applications support both mobility and low latency, then it is important to optimize
This contribution first discuss the general RACH timeline and then RACH timeline design considerations.
2. 
General RACH Procedure Timeline
In this section, we discuss the RACH timeline between messages. We denote timeline between messages from the start of one message to the beginning of the next message. However, such timeline can be counted from the end of one message to the beginning of the next message. The timeline notation is described in Table 1.

Figure 1 demonstrates the initial transmission of Msg1 and the reception of Msg2. The initial Msg1 and Msg2 transmission and reception are successful if Msg2 is correctly decoded. Otherwise, Msg1 is retransmitted until Msg2 is correctly decoded as illustrated in Figure 2. UE can retransmit Msg1 with the same RACH sequence but at higher power following the outer-loop power control procedure.

Once Msg2 (aka RAR) is correctly decoded, UE can obtain uplink and downlink grants for transmitting Msg3 and receiving Msg4. The retransmission mechanisms can be applied to both Msg3 and Msg 4 transmission. 
Table 1: Timeline description
	Timeline
	Description

	T1
	Delay from Msg 1 transmission to the beginning of RAR window

	T2
	Minimum UE processing delay from the time RAR is correctly decoded to time Msg 3 is transmitted. Timing advance received in Msg2 is applied in T2.

	T3
	Duration from the time that Msg 3 is transmitted to the time UE starts decoding Msg 4

	T1’
	Maximum UE delay from the last subframe of RAR window to the subframe that Msg 1 is retransmitted when UE can’t receive RAR successfully

	T3’
	Maximum UE delay between Msg 3 retransmissions

	T4’
	Maximum delay between Msg 4 retransmissions

	TRAR
	RAR window where Msg 2 is transmitted
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Figure 1. Msg 1 and Msg 2 initial transmission and reception
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Figure 2. Msg 1 retransmission
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Figure 3. Msg 3 and Msg 4 transmission and retransmission
3. 
RACH Timeline Design Considerations
When designing RACH timeline, we can consider the following approaches.
· Approach 1: same RACH timeline for all cases
· Pros: simplicity 
· Cons: always limited by the worst capability users and worst deployment scenarios
· Approach 2: support different RACH timeline 
· Case 1: different RACH timeline for different use cases
· Different numerology and slot duration, at least for data and control
· Different latency requirement, at least for data and control
· Different users can have different processing capability
· Different network can have different processing capability
· Case 2: different RACH timeline for different deployment
· Different carrier frequency, e.g. mmWave vs. sub-6 GHz
· Different cell size, e.g. 100 km cells vs. small cells
Proposal 1: RAN1 consider different RACH timelines for different use cases

Proposal 2: RAN1 consider different RACH timeline for different frequency bands. In particular, RACH timeline for below 6GH can be different from RACH timeline for above 6GHz

4. 
Conclusion

The contribution discussed use cases for RACH timeline optimization and RACH timeline design considerations. In particular, the following proposals have been made:
Proposal 1: RAN1 consider different RACH timeline for different use cases
Proposal 2: RAN1 consider different RACH timeline for different frequency bands. In particular, RACH timeline for below 6GH can be different from RACH timeline for above 6GHz
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