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1 Introduction

In RAN2#96, the following agreement was made [1]:
Agreements

1 
The design of RA procedure in NR needs to support flexible Msg3 size (as already supported in LTE). 

FFS whether the eNB can be provided with more information (compared to LTE) from the UE on the Msg 3 size to provide.

This contribution discusses the RA procedure in NR.
2 Discussion

Support of flexible Msg3 size

In LTE, preamble grouping is used to signal how big the Msg3 is. In LTE case, there are up to 2 preamble groups and the RAN signals a threshold "messageSizeGroupA" for the UE to determine which group (either A or B) of the preambles should be used in accordance with the size of Msg3 to be sent. This preamble grouping scheme can be re-used for NR. However the LTE system can signal only up to 2 groups so UE had only up to 2 choices of the Msg3 size and it makes some sense to increase the maximum number of groups so that Msg3 size can have more choices in NR as NR will be supposed to support more services and each service may require to transmit different size of the first data (either RRC UL CCCH message in idle mode/connected mode or user data in connected mode) after inactivity.
Proposal 1: Preamble grouping is used as a baseline to signal buffer status for Msg3.

Proposal 2: Investigate if more than two preamble groups should be defined for NR.
Contention mitigation
The 4-step RA procedure has a drawback that the contention can’t be fully avoided and the contention may end up in bad user experience, such as longer call-setup time and longer service disruption in case of RLF recovery.

In principle for the 4-step RA, the more preambles are available, the less probability of the contention of Msg3 would be expected. However if proposal1 is agreed, then less preambles would be available for a particular Msg3 size so the probability of contention would be increased. Therefore a contention probability should be somehow mitigated.
The following figure shows a call-flow of 4-step random access procedure.

[image: image1.emf]UE

UE

gNG

gNG

0.1. Uplink transmission is triggered

Msg1

(Preamble sequence)

0.2. MAC picks up a preamble sequence 

according to the size of Msg3.

Msg2 (RAR)

(UL grant, temporary C-RNTI)

Msg3

(UE-ID + payload(RRC UL CCCH/user data))


Figure 1: 4-step random access procedure (up to Msg3)
If more than one UE select the same preamble sequence at step 0.2, then it’s very likely that those UEs receive the same Msg2, which gives UL grant for Msg3 and then the UEs send their Msg3s by using the same UL resource given by the Msg2.

However, the contention at Msg3 can be mitigated by providing multiple-sets of UL grant and temporary C-RNTI via Msg2 and adding an extra-step at UE before Msg3 transmission, which is that UE selects one of the set of UL grant and the temporary C-RNTI from the list of the sets in the Msg2. The selection could be at random or based on their UE-ID. In this way, the probability of the contention can be halved if 2 sets are available in the Msg2.
The following figure shows a call-flow of the 4-step RA with the multiple-sets of UL grant and temporary C-RNTI.
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Figure 1: 4-step random access procedure (up to Msg3)

Proposal 3: Msg2 signals more than one grant (and temporary C-RNTI) to mitigate the collision across more than one user using the same RA resource.

3 Summary

Proposal 1: Preamble grouping is used as a baseline to signal buffer status for Msg3.

Proposal 2: Investigate if more than two preamble groups should be defined for NR.

Proposal 3: Msg2 signals more than one grant (and temporary C-RNTI) to mitigate the collision across more than one user using the same RA resource.
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