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Discussion and Decision
1
Introduction
In RAN1#86 meeting, it was agreed that 
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective

· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied

· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)

· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including

· Non Rx/Tx reciprocity at BS or UE

· Full or partial Rx/Tx reciprocity at BS or UE

· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 

· RACH resource is obtained by UE from detected DL broadcast channels/signals

· FFS: Details on association

· Other mechanism w/o association is also considered

· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS

· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals
In this contribution we discuss further about simplified RACH procedure, i.e. 2-step RACH option.
2
Discussion 
2.1


2-step RACH Use cases

As was agreed, LTE alike 4-step RACH procedure is assumed for NR and simplified 2-step RACH procedure shall be studied. 2-step RACH procedure incurs lower overhead and lower latency, which are especially beneficial as the random access scheme for UEs with intermittent small packet transmission. This of course, is subject to the collision rate of Msg.1 transmission due to contention based transmission. To enable low Msg.1 collision, TRP shall at least allocate appropriate resources for Msg.1 transmission [1].
Besides, 2-step RACH procedure is potentially better as the access scheme in unlicensed spectrum, which includes two LBT operations. While for 4-step RACH procedure, there are totally 4 LBT operations, which incurs more latency.

2-step RACH procedure could be attractive when operating using hybrid architecture and multi-beam UL configuration (typical for hybrid architecture) with low/limited number of TXRUs. It would make sense to “transmit as much as possible at once” by the UE when non-frequency selective beamformer is “directed” towards the UE. 
Assuming UE has got the DL timing before RACH procedure, the 2-step RACH might be used for cases that UL TA is not needed, for example in small cell, where the time difference between DL and UL is within a CP. 

Observation 1: The 2-step RACH can be potentially used for 
· UEs with typically intermittent small packet transmission;
· Access in unlicensed spectrum;

· System with limited TXRU resources and multi-beam UL;

· Cases where UL TA is not needed. 
2.2


2-step RACH procedures

The Msg.1 in 2-step RACH includes preamble signal and data signal. The preamble sequence can be designed uniformly for 2-step and 4-step RACH procedure. The data signal might include e.g., RRC connection request and a UE ID, in order to re-establish RRC connection. Other signals which are related to incoming packet transmission, such as SR and/or BSR, and even the encoded data bits can be FFS as part of data signal. It is noted that for new RRC state and connectionless [2], UE might send data signal without doing RRC connection. In this case, the Msg.1 data contains a UE ID and data signal.
Proposal 1: Msg.1 contains information such as RRC connection request and a UE ID when RRC connection is required. Otherwise Msg.1 contains a UE ID and data signal. 
The Msg.2 in 2-step RACH is the random access responses, which contains the detected preamble ID, the UE-ID, the timing advance (if needed), and the detected random number in RRC request message that is transmitted in Msg.1. Using this way, the 2-step RACH procedure fulfils the functions of those in 4-step RACH procedure without UE collision. Optionally, Msg.2 for a UE can contain a UL-grant, for scheduling the data packets right after the RACH procedure. 
Proposal 2: Msg.2 contains information such as detected preamble ID, UE-ID, TA and the detected random number. Other information is FFS.
Cell shall configure physical resources for data signal transmission. As mentioned, the amount of resources for Msg.1 data signal transmission shall be carefully configured to fulfil low collision rate. The frequency band(s) for preamble transmission can be fixed, and be shared by 2-step and 4-step RACH procedure, or can be configured by cell through e.g., broadcast signalling. For cases that there are multiple resources configured for Msg.1 preamble and data signal, UE performs random resource selection or according to certain predefined rule. 
The resources for Msg.2 transmission is based on TRP scheduling, which is similar with RAR transmission in LTE. The scheduling grant targets for a group of UEs and scrambled by a group RNTI. 
Proposal 3: The resources for Msg.1 preamble and data signal transmission can be configured by the cell. The resources for Msg.2 transmission is based on TRP scheduling.
2.3

RACH fall back 
For 2-step RACH procedure, due to the possible collisions between Msg.1 signals from different UEs, it shall be considered to introduce a way to enable a fall back to 4-step RACH procedure. For example, TRP detects a preamble, but is unable to decode Msg. 1 data because of a collision. In this case, from TRP point of view, the Msg.1 in this 2-step RACH procedure is actually same with that in 4-step RACH, where only preamble is transmitted and detected. TRP can then use 4-step RACH in the following, and send Msg.2 to UE, indicating the detected preamble ID, the allocated UE-ID, and timing advance (if needed). Msg.3 and Msg.4 will follow the regular procedure in 4-step RACH.
Proposal 4: The 2-step RACH procedure can fall back to 4-step RACH procedure when preamble is detected by TRP but Msg.1 data signal is not detected. 
3
Conclusion
We have the following proposals on random access principles for NR, 
Observation 1: The 2-step RACH can be potentially used for 

· UEs with typically intermittent small packet transmission;

· Access in unlicensed spectrum;

· System with limited TXRU resources;
· Cases where UL TA is not needed.

Proposal 1: Msg.1 contains information such as RRC connection request and a UE ID when RRC connection is required. Otherwise Msg.1 contains a UE ID and data signal. 
Proposal 2: Msg.2 contains information such as detected preamble ID, UE-ID, TA and the detected random number. Other information 

Proposal 3: The resources for Msg.1 preamble and data signal transmission can be configured by the cell. The resources for Msg.2 transmission is based on TRP scheduling.
Proposal 4: The 2-step RACH procedure can fall back to 4-step RACH procedure when preamble is detected by TRP but Msg.1 data signal is not detected. 
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