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Introduction
In last RAN1#86bis meeting, a way forward (WF) related to the simplified 2-step random access (RA) procedure for new radio (NR) has been agreed, and a LS based on the agreements has been sent to RAN2 [1]. The agreements related to the simplified 2-step RA procedure for NR are listed as follows.
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

Correspondingly, in last RAN2#96 meeting, agreements on this issue have been achieved [2].
Agreements
If 2 step RACH is supported:
· The 2-step RACH resources are optionally configurable by the NW 
· FFS whether it can be configured by broadcast and/or by dedicated signalling.
· NW can configure/restrict the usage of the 2-step RACH for certain cases ( e.g. procedures/services/radio condition,etc) (FFS for which cases for which it is possible to configure/restrict the usage)
· RAN2 expects a benefit in latency for the 2 step RACH procedure
· From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.
· Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are still studying.

In this contribution, the possible scenarios for the usage of 2-step RA are suggested, and the potential benefits of 2-step RA procedure are discussed. Furthermore, the possible Msg 1 and Msg 2 information in 2-step RA procedure are proposed for eMBB use case for NR.
Possible scenarios for the usage of 2-step RA procedure
Based on the understanding of discussions on 2-step RA procedure from previous RAN1 meetings, it is widely agreed that the message 1 in 2-step RA procedure should at least contain user equipment (UE) identifier (ID). However the length of physical UE ID is long and the payload size in message 1 for carrying it should be long enough correspondingly. In this case, the detection error rate of message 1 cannot be guaranteed which may degrade the RA successful rate. Adding reference signals to the payload of message 1 maybe an option for improving the performance, but it requires a more complex receiver for message 1 detection. Alternatively, we noted that the information in message 3 of convention LTE 4-step RA procedure is not necessarily to be sent in RA procedure. That is, a shorter temporary UE ID instead of long physical UE ID can be used in 2-step RA procedure, and the physical UD IE and other information can be forwarded to gNB and network through uplink (UL) transmission after random access. Therefore, we think that 2-step RA procedure would be suitable at least for the indoor hotspot, rural, and high speed scenarios for eMBB use case [3], because that the total number of user equipment per TRP is limited, and correspondingly the RA collision probability are relatively low in these scenarios. These enable the possibility of employing a shorter temporary UE ID in 2-step RA procedure rather than a longer physical UE ID. Consequently, the length of message 1 can be reduced and the detection error rate of message 1 can be improved.
Indoor hotspot
As defined in [3], the number of UEs per TRP is 10 and the collision probability during RA from multiple UEs is low. In this case, message 1 of 2-step RA procedure may contain a preamble and a short temporary UE ID. TRP will be able to detect message 1 correctly including the temporary UE ID information in it. Since the coverage of TRP is small and the time difference of ULs from different UEs can be ignored, the message 2 of 2-step RA procedure does not necessarily contain the timing advance (TA) information for different active UEs.
Rural
Similar to the indoor hotspot scenario, the number of UEs per TRP is 10 and the collision probability during RA from multiple UEs is low in this scenario. Therefore, message 1 of 2-step RA procedure may contain a preamble and a short temporary UE ID. In message 2, a TA information will be necessary for different UEs to align arrival time of their ULs.
HST with relay
In [3], two options are defined for high speed train (HST) scenario: 1) macro only and 2) macro + relay. In [4], the HST with relay scenario has been discussed. In this case, instead of processing RA by each UE individually, the onboard relay will perform 2-step RA procedure when it is necessary. The RA collision probability in this scenario is very low, and it only happens when multiple trains are crossing and sending RA requests simultaneously using same preamble sequence. Therefore, 2-step RA procedure would be sufficient in HST scenario with relay. Message 1 contains a preamble and a short temporary UE ID, and TA information is not necessarily to be included in message 2, since that in most of cases there is only one active relay per TRP for safety. Another reason for not sending TA back to relay is that it is hard to feedback TA correctly in time in HST scenario due to high mobility of trains. Preamble in message 1 can be used to estimate the UL arrival time. TRP receiver can dynamically shift the receiving window based on the estimated timing information.
Particularly, the directional network (NW) is deployed for HST scenario, in which case the handover failure rate is high as studied in [5]-[6]. The reason is that onboard relay is always attempting to handover from a source cell with strong received power to a target cell with weak received power, in which case the onboard relay may not be able to report the target cell to the source cell or receive a handover command. As an alternative solution, NR 2-step RA procedure can be employed to avoid the use of artificial handover zone [6] and LTE 2-step RA procedure for handover.

Observation 1: Information in message 3 of conventional LTE 4-step RA procedure is not necessarily to be sent during RA procedure. UE can send physical UE ID and other information in message 3 of 4-step RA procedure to the gNB and network through UL transmission after random access.
Observation 2: A short temporary UE ID can be used for 2-step RA procedure instead of physical UE ID in message 1. A shorter length of message 1 with temporary UE ID will lead to better message 1 detection performance and reduce the RA delay.
Observation 3: 2-step RA procedure is suitable at least for the eMBB scenarios with less RA collisions such as indoor hotspot, rural and HST scenarios.
Observation 4: TA information maybe not necessarily to be included in message 2 for indoor hotspot and HST scenarios.
Proposal 1: Payload size in message 1 of NR 2-step RA procedure should be minimized. Preamble with a short temporary UE ID can be carried in message 1 for minimizing the length. The details of temporary UE ID need to be further studied.
2-step RA procedure for eMBB for NR
Figure 1 shows a basic 2-step RA procedure employing temporary UE ID in message 1. Information other than temporary UE ID can be included in message 1 also based on the requirements. Note that in HST with relay case, the temporary UE ID should be temporary relay ID. In message 2, at least a network ID (C-RNTI in LTE) and UL grant should be included. Note that TA may be removed from message 2 in indoor hotspot and HST scenarios as described above, and it can be included in message 2 as well in rural scenario. 
When the length of necessary information including temporary UE ID in message 1 is short, preamble without payload can be sent as message 1 without attaching payload after the preamble. In this case, 64 preamble sequence index can be used to carry 6-bit information. This may be possible for indoor hotspot and HST scenarios due to the fact of less number of RA collisions per TRP. When the length of necessary information including temporary UE ID in message 1 is long, a payload can be attached after preamble in message 1 for carrying more information.


Figure 1. 2-step RA procedure for eMBB use case for NR.
Proposal 2: Figure 1 can be considered as a basic 2-step RA procedure for eMBB for NR. In NR 2-step RA procedure, a preamble with or without payload can be sent as message 1. The indexes of preamble can be used to carry information in message 1 for purpose of minimizing message length.
Conclusion
Several benefits are expected by implementing NR 2-step RA procedure.
· Short RA latency
· [bookmark: _GoBack]RA overhead reduction
· Enable handover for HST with relay in directional network
Observation 1: Information in message 3 of conventional LTE 4-step RA procedure is not necessarily to be sent during RA procedure. UE can send physical UE ID and other information in message 3 of 4-step RA procedure to the gNB and network through UL transmission after random access.
Observation 2: A short temporary UE ID can be used for 2-step RA procedure instead of physical UE ID in message 1. A shorter length of message 1 with temporary UE ID will lead to better message 1 detection performance and reduce the RA delay.
Observation 3: 2-step RA procedure is suitable at least for the eMBB scenarios with less RA collisions such as indoor hotspot, rural and HST scenarios.
Observation 4: TA information maybe not necessarily to be included in message 2 for indoor hotspot and HST scenarios.
Proposal 1: Payload size in message 1 of NR 2-step RA procedure should be minimized. Preamble with a short temporary UE ID can be carried in message 1 for minimizing the length. The details of temporary UE ID need to be further studied.
Proposal 2: Figure 1 can be considered as a basic 2-step RA procedure for eMBB for NR. In NR 2-step RA procedure, a preamble with or without payload can be sent as message 1. The indexes of preamble can be used to carry information in message 1 for purpose of minimizing message length.
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