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1. 
Introduction
Downlink based mobility has been in use for the cellular wireless systems for a few decades. In principle, a cell sends a cell specific reference signal (e.g., CPICH in UMTS or CRS in LTE), and UE performs cell search and measurement. More specifically, when UE is in an idle state, it performs serving cell measurement and cell reselection. On the other hand, when UE is in a connected state, it performs cell measurements and sends measurement report to the network. 
As a part of mobility procedure, when UE transitions from the idle state to the connected state or when UE performs handover in the connected state, UE is required to perform a random access procedure. RAN1-86 made the following agreements for the random access which was captured in Chairman’s notes.
Agreements:
· 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 addition, RAN1-86bis has the following agreement 

Agreements:
· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs

· RAN1 has discussed the following: 

· The use of a UE identity in Msg 1

· Msg 2: RA response that is addressed to the UE identity in Msg 1

· FFS on the definition and choice of the UE identity

· FFS on the applicability scenarios of simplified RACH procedure 
· RAN1 to send LS to RAN2

· RAN1 is aware that RAN2 is also studying the RACH procedure and RAN1 would like to inform RAN2 to take the above into considerations and would like to request any feedback on UE identities and associated procedure and also ask the corresponding applicable scenarios
This contribution discusses the random access procedures for NR, namely 4-step RACH procedure and 2-step RACH procedure.
2. 
NR Random Access Procedure
2.1 4-step RACH procedure
The 4-step RACH procedure is illustrated in Figure 1, and the physical channels and corresponding payload are summarized in Table 1. The uplink physical channels associated with this random access include PRACH and PUSCH. The PUSCH transmission grant is delivered to UE in the message 2.
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Figure 1. 4-step random access procedure
Table 1. Physical channels for 4-step random access procedure
	Message
	PHY Channel
	Content

	MSG1
	PRACH
	RACH preamble

	MSG2
	PDCCH, PDSCH
	Detected RACH preamble ID, TA, UL grant, C-RNTI, backoff indicator

	MSG3
	PUSCH
	RRC connection request, tracking area update, scheduling request

	MSG4
	PDCCH, PDSCH
	Contention resolution message


Proposal 1: Consider 4-step PRACH procedure for initial access

2.2 2-step RACH procedure
The random access latency could potentially be improved by having 2-step random access procedure (or simplified RACH procedure). This procedure might be applicable for NR small cells or unlicensed deployments. The 2-step random access procedure is illustrated in Figure 2 and the supporting physical channels are summarized in Table 2. In this procedure,
· UE sends eMSG1 via an enhanced physical random access channel (ePRACH), which essentially consists of RACH mid-amble and RACH payload, to the network. The RACH payload might carry UE-ID and BSR while RACH mid-amble is used for random access and demodulation RS for demodulating RACH payload. The design of ePRACH is further discussed in [1]. 
· In the response to UE request, the network sends eMSG2 via PDCCH and PDSCH. The eMSG2 might contain the detected RACH preamble ID, TA, backoff indicator, contention resolution message, etc.
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Figure 2. 2-step random access procedure
Table 2. Physical channels for 2-step random access
	Message
	PHY Channel
	Content

	eMSG1
	PRACH, PUSCH
	RACH mid-amble, and PRACH payload containing BSR and UE-ID

	eMSG2
	PDCCH, PDSCH
	Detected RACH mid-amble ID, TA, backoff indicator, contention resolution message, TPC


Proposal 2:  Consider the 2-step RACH procedure when UE transitions from an RRC-inactive state to an RRC-active or when UE performs handover.
3. Conclusion

The contribution has discussed random access procedures and uplink physical channels in supporting downlink based mobility. In particular, the following proposals have been made:
Proposal 1: Consider 4-step PRACH procedure for initial access

Proposal 2: Consider the 2-step RACH procedure when UE transitions from an RRC-inactive state to an RRC-active or when UE performs handover.

4. References 




[1].  R1-1612030, “Single beam RACH design,” Qualcomm Incorporated[image: image3.png]



3GPP


_1536762788.vsd
ePRACH (eMSG1)


PDCCH/PDSCH (eMSG2)



