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1 Introduction

In RAN1#87, the following agreements were achieved for PRACH configuration [1]:

· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
In RAN2 #96, the following agreements were achieved for RACH procedures [2]:

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 some general consideration on RACH procedure in NR.

2 Discussion
2.1 Events to initiate RACH

In LTE the random access 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 data arrival during RRC_CONNECTED requiring random access procedure:

E.g. when UL synchronisation status is "non-synchronised".

(5) UL data arrival during RRC_CONNECTED requiring random access procedure:

E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

(6) For positioning purpose during RRC_CONNECTED requiring random access procedure:
E.g. when timing advance is needed for UE positioning.

Considering to NR, we believe random access procedure at least for evens (1) – (5) should be supported. Hence we propose

Proposal 1: the random access procedure in NR is supported at least for the following events:

(1) Initial access from RRC_IDLE;

(2) RRC Connection Re-establishment procedure;
(3) Handover;
(4) DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";
(5) UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
The random access procedure in LTE is also performed on a SCell to establish time alignment for the corresponding sTAG. For NR we believe this is also needed if multiple TAs are supported in NR.
Proposal 2: In NR the random access procedure on SCell can be supported if multiple TAs are supported.

In LTE DC, the random access procedure is also performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is performed only on PSCell for SCG. For NR we believe this is also needed if NR DC is supported.
Proposal 3: the random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG.
2.2 Information on Msg 3 size

In LTE, preambles are divided into two groups. The UE needs to decide the group from which it needs the preamble on the basis of size of Msg3 and the pathloss. In NR, the gNB shall allocate a grant of maximum size for Msg3 transmission if no Msg3 size information is provided. Similar mechanism as used in LTE can be reused in NR to provide the Msg 3 size information. However, the preamble selection in LTE depends not only on the Msg3 size but also on the pathloss. To allow the gNB understand the size of Msg3 size without ambiguity, UE is expected to provide the Msg 3 size information via an exclusive preamble partition, such as, the UE selected the preamble depends only on the Msg 3 size. Similarly, UE could also provide the Msg 3 size information via different PRACH resource. 
Furthermore, there might be more kinds of required Msg 3 size in NR. Therefore, it is desired that NR should be capable of providing more precise information on the Msg 3 size.

Proposal 4: UE is expected to provide the gNB with more information on the Msg 3 size e.g. based on preamble groups.
2.3 Concurrent RACH procedure
RAN1 has agreed to support different PRACH configurations considering different numerologies case. RAN1 also agreed that different numerologies can be multiplexed TDM or FDM within a single carrier. There is possibility that different services triggers different RACH procedures on different numerologies at the same time. In LTE, there is only one ongoing Random Access procedure in a MAC entity at any time. If the UE receives a request for a new RACH procedure while already a RACH procedure is ongoing, the UE should abort the ongoing one or suspend the new one. In [3], we proposes that a single MAC entity is used to support aggregation of multiple numerologies, whether they are on different carriers or within the same carrier. Furthermore if multiple TAs are also supported in NR, it is likely that multiple events trigger multiple RACH procedures for PCell and SCell.

To be aligned with legacy network system and minimize the UE complexity, we therefore propose to still have only one RACH procedure per MAC entity even there are multiple PRACH configurations or multiple TAs configuration.
Proposal 5: There is only one Random Access procedure ongoing at any point in time in a MAC entity.
In LTE, if multiple RACH procedures are requested simultaneously, it is up to UE implementation to trigger one of the requested RACH procedures. In NR, different service might be configured with different RACH configurations since different service might be mapped to different numerologies and different numerologies support different PRACH configurations as agreed by RAN1. From RAN2’s perspective, we should support different PRACH configurations for different service since:
1) PRACH occasion periods are quite different for eMBB and URLLC services due to different delay sensibility. eMBB data which is not delay sensitive could perform RACH on PRACH resource with long period. The collision on the PRACH resource for URLLC will be reduced;

2) The gNB could identify the service which triggers the RACH procedure via different PRACH configurations. If it is the URLLC data which is waiting for transmission in the buffer, the gNB could schedule the UE on the numerology with short TTI immediately;

3) If the UE triggers the RACH procedure for the TA acquirement, it is preferable to perform the RACH on the numerology where the actual data transmission will perform since the TA obtained via RACH procedure on common numerology may not be accurate enough for data transmission on specific numerologies.
Therefore, to guarantee that the latency requirement is fully satisfied, UE should prioritize the RACH procedure for the delay sensitive service, like URLLC, if multiple PRACH configurations are requested. Certainly, such priority implies that the UE will abort the on-going RACH procedure for eMBB if URLLC triggers another one.
In LTE, the MAC indicates Random Access problem to upper layers if the number of preamble transmission exceeds the limit. The UE shall consider the radio link failure to be detected upon receiving Random Access problem indication from the MAC and initiates the connection re-establishement procedure after then. In NR, the URLLC data becomes uesless and the UE does not need to transfer these data, when time is expired. If there is no other data that is still valid for transmission, the UE should terminate the RACH proceudre. However, such termination of RACH proceudre should not be considered as RLF since it is caused by the time expration of URLLC data but not by the bad channel condition. Therefore, the termination of URLLC RACH procedure should not trigger a RLF procedure in NR.
Proposal 6: Different priorities may be configured to RACH procedures triggered by various services.
Proposal 7: In NR, UE should not consider that RLF is detected if the termination of a RACH procedure is due to a service requirement, e.g., expiration of URLLC data transmission.
3 Conclusion

In this paper, we discuss several aspects regarding the RACH procedure in NR. We have the following proposals:
Proposal 1: the random access procedure in NR is supported at least for the following events:

(1) Initial access from RRC_IDLE;

(2) RRC Connection Re-establishment procedure;
(3) Handover;
(4) DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5) UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
Proposal 2: In NR the random access procedure on SCell can be supported if multiple TAs are supported.

Proposal 3: the random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG.
Proposal 4: UE is expected to provide the gNB with more information on the Msg 3 size.
Proposal 5: There is only one Random Access procedure ongoing at any point in time in a MAC entity.
Proposal 6: Different priorities may be configured to RACH procedures triggered by various services.
Proposal 7: In NR, UE should not consider that RLF is detected if the termination of a RACH procedure is due to a service requirement, e.g., expiration of URLLC data transmission.
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