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1. Introduction
RAN1 has been working on studying random access channel and its procedure for NR. Their agreements up to RAN1 #86bis are listed in the Annex section of this paper. RAN2 received an LS on RACH from RAN1 [1]. In their LS, RAN2 is asked to provide our feedback on some of their agreements, e.g. simplified RACH. Thus, RAN2 can start to investigate RA procedure from our viewpoints. This paper attempts to do that.
2. Discussion
To study the RA procedure on the stage-2 level from RAN2 viewpoints, the following aspects have to be clarified, which can be envisage from TS 36.300:
A) The forms of the RA procedure;
B) The events for which the RA procedure is performed and the corresponding form.

These two aspects are investigated hereafter. 
2.1. RA procedure forms
For LTE, the following two forms are supported:
-
Contention based (applicable to all events);
-
Non-contention based (applicable to only handover, DL data arrival, positioning and obtaining timing advance alignment for a sTAG).

The contention based RA procedure in LTE consists of the four steps as described in TS 36.300. Given the corresponding RAN1 agreement below, the four step RA procedure will anyway be supported for the contention based access.
-
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.

The non-contention base RA procedure will also be needed for the events where lower latency is required, e.g. handover, DL data arrival. If the network has an opportunity to assign a dedicated RA preamble for a UE during the corresponding event, there would be no reason not to support it for NR.
In addition to these conventional forms, one potential new form for NR is the simplified RA procedure consisting of two steps (Msg.1 and Msg.2) as in the RAN1 LS [1]. From the RAN1 input, this simplified procedure is assumed to contention based access. The applicable scenario for the simplified RA procedure is investigated in sub-clause 2.2. So far, this paper assumes that the above three forms are available for NR RA procedure.
2.2. RA procedure events
In LTE, the RA procedure is performed for the following events (related to PCell):
1). Initial access from RRC_IDLE;
2). RRC Connection Re-establishment procedure;

3). Handover;
4). DL/UL data arrival during RRC_CONNECTED requiring random access procedure;

5). For positioning purpose during RRC_CONNECTED requiring random access procedure:
In case of multiple TA for CA, the RA procedure is performed to establish timing alignment for sTAG. Given that positioning is not likely to be supported in the initial specification and timing alignment for NR CA has yet to be studied, the above events from 1) to 4) will at least be supported for NR.
In addition, the corresponding event for which the simplified RA procedure is valuable has to be investigated as asked by RAN1 [1]. According to the RAN1 LS, RAN1 is studying the Msg.1 design of including a UE identity. It is motivated to reduce the procedure latency even for contention based random access. Given that the UE ID is required for the simplified RA procedure, the UE needs to be in either RRC_CONNECTED or RRC_INACTIVE. In that case, the following events can be envisaged:
Event 1. UL data arrival during RRC_CONNECTED requiring RA procedure.

In this case, UE ID corresponds to C-RNTI. The UE sends a RA preamble and its C-RNTI in Msg.1. By doing this, C-plane latency for UL transmission in RRC_CONNECTED can be reduced.
Event 2. UL data arrival during RRC_INACTIVE.

Since RAN2 is studying the method of UL data transmission during RRC_INACTIVE, the simplified RA procedure can be leveraged for this method to reduce the C-plane latency. In this case, UE ID corresponds to the identity for the UE context stored in RAN and UE. By using the LTE language, this ID corresponds to resume ID. For this state, in contrast to RRC_CONNECTED, the UE ID has to be authenticated somehow. To do this, an authentication token has to be conveyed together with the UE ID in Msg.1. In the LTE language, this authentication token corresponds to shortMAC-I. To apply the simplified RA procedure for UL data arrival during RRC_INACTIVE, thus, an identity for UE AS context and its authentication token have to be conveyed in Msg.1.
Furthermore, if the RA procedure can deliver the ID for UE AS context and its authentication token in RRC_INACTIVE, the RA procedure can also be leveraged for RAN to know a UE location on RAN level. In particular, if the RAN paging area is designed such that one RAN paging are corresponds to one Tracking Area (TA), RAN does neither have to broadcast another paging area code than TAC nor have to tell the updated RAN paging area when the UE moves across the RAN paging area as proposed in [3]. In that case, the RA procedure is enough for this purpose rather than introducing a new procedure for the RAN paging area update. Therefore, it is worthwhile studying to leverage the RA procedure for the purpose of RAN paging area update.
3. Summary and proposal
This paper attempted to look into the RAN2 aspects on RA procedure. In conclusion, the followings are proposed:
Proposal 1:

Both contention based and non-contention based RA procedures are supported for NR.
Proposal 1a:

For contention based RA, both the four step and two step procedures are studied for NR.

Proposal 2:

At least for the following events, the RA procedure is performed:






-
Initial access from RRC_IDLE;





-
RRC Connection Re-establishment procedure;





-
Handover;






-
DL/UL data arrival during RRC_CONNECTED requiring random access procedure.

Proposal 3:
Study the two step contention base RA (i.e. simplified RA) procedure to be applied for the following events:


-
UL data arrival during RRC_CONNECTED requiring RA procedure;


-
UL data arrival during RRC_INACTIVE.
Proposal 3a:
For UL data arrival during RRC_CONNECTED requiring RA procedure, Msg.1 conveys C-RNTI as UE ID together with an RA preamble.
Proposal 3b:
For UL data arrival during RRC_INACTIVE, Msg.1 conveys an ID for UE AS context and its authentication token together with an RA preamble.

Proposal 4:
Study to leverage the two step contention based RA procedure for the purpose of RAN paging area update.
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Annex:
List of RAN1 agreements on RACH

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
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode

· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”

· Detailed design for RACH preamble should be further studied

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources

· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2

· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode

· Whether or how to report DL Tx beam to gNB, e.g.,

· RACH preamble/resource
· Msg. 3

· Whether or how to indicate UL Tx beam to the UE, e.g., 

· RAR

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
Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB

Agreements:
· NR supports multiple RACH preamble formats, including at least

· RACH preamble format with longer preamble length 

· RACH preamble format with shorter preamble length

· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)

· Multiple/repeated RACH preambles in a RACH resource is supported

· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· FFS: Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
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