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1 Introduction

RAN2 has agreed [1] to support a new RRC state i.e. RRC INACTIVE in addition to RRC IDLE and RRC CONNECTED. In this contribution we discuss the random access procedure for this new state.

2 Discussion
During the NR study item RAN2 has discussed the random access procedure. It was agreed [1] that the both contention based random access (CBRA) procedure and contention free random access (CFRA) procedure having steps (see Figure 1 below) as in LTE is supported in NR. In LTE, CBRA procedure is applicable in all RRC states.  CFRA procedure is applicable only in RRC CONNECTED state. For CFRA procedure, RA preamble is assigned to UE via handover command generated by target eNB and sent via source eNB for handover; or PDCCH in case of DL data arrival; or PDCCH for initial UL time alignment for a sTAG [2].
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(a) Contention based                                                                 (b) Contention free
Figure 1 Random Access Procedures in NR
In order to support CFRA for random access initiated by UE, UE needs to be assigned a dedicated RACH preamble which is valid in all cells of RAN area as the UE can autonomously move from one cell to another in RRC INACTIVE state. The RACH preamble can be assigned when RRC connection is released and UE moves to RRC INACTIVE state. In RRC INACTIVE state, UE AS context is stored in RAN (i.e. at least in one gNB of the RAN area) and the UE. Since the AS context is retained, UE can use the assigned RACH preamble in RRC INACTIVE state. However, there are several UEs in a RAN area and it is practically impossible to assign a RACH preamble to each UE in RRC INACTIVE state. So similar to RRC IDLE state, it is natural that UE in RRC INACTIVE state uses CBRA procedure for the scenarios in which random access is initiated by UE.
Observation 1: In order to support CFRA for random access initiated by UE, UE needs to be assigned a dedicated RACH preamble which is valid in all cells of RAN area. This is not feasible.
In case of RAN initiated paging, UE in RRC INACTIVE state also performs RA procedure. A dedicated RACH preamble can be assigned to UE by the network via paging message. UE can perform CFRA procedure using the assigned RACH preamble (see Figure 2). This may reduce the latency to transition from RRC INACTIVE state to RRC CONNECTED state. 
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Figure 2 Contention Free Random Access in RRC INACTIVE

There are two possible approaches for paging to enable CFRA procedure:
One Step Paging: If the DL data arrives for a UE, UE is paged in all cells of UE’s RAN area. In this case dedicated RACH preamble is assigned and reserved for some time period ‘T’ in each cell of UE’s RAN area. If the response from UE is not received in a cell within the time period ‘T’, reserved RACH preamble is released. Depending on network implementation, dedicated RACH preamble can also be assigned and reserved in a subset of cells of UE’s RAN area. There is a significant wastage of scarce RACH resources in this case. 
Observation 2: If UE is paged in all cells of UE’s RAN area, assignment/reservation of dedicated RACH preamble in several cells leads to significant wastage of scarce RACH resources.
Two Step Paging: If the DL data arrives for a UE, UE is paged in a cell where UE was last served.  In this case dedicated RACH preamble needs to be assigned and reserved for some time period ‘T’ in a cell where UE was last served. If the response from UE is not received by the cell within the time period ‘T’, reserved RACH preamble is released. UE is then paged in the remaining cells and dedicated RACH preamble is not included in paging message. In this case there is less wastage of scarce RACH resources. However, this has very limited usage, as this works only for the case where UE remains in the last served cell.
Observation 3: Assignment of dedicated RACH preamble in paging message to enable CFRA procedure has limited usage in the scenario where UE is first paged in a cell where the UE was last served.

Based on the above discussion we propose to only support CBRA procedure in RRC INACTIVE state.
Proposal 1: Contention based random access procedure is supported in RRC INACTIVE state. 

Proposal 2: Contention free random access procedure is not supported in RRC INACTIVE state.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation 1: In order to support CFRA for random access initiated by UE, UE needs to be assigned a dedicated RACH preamble which is valid in all cells of RAN area. This is not feasible.
Observation 2: If UE is paged in all cells of UE’s RAN area, assignment/reservation of dedicated RACH preamble in each cell leads to significant wastage of scarce RACH resources.
Observation 3: Assignment of dedicated RACH preamble in paging message to enable CFRA procedure has limited usage in the scenario where UE is first paged in a cell where the UE was last served.

Proposal 1: Contention based random access procedure is supported in RRC INACTIVE state. 

Proposal 2: Contention free random access procedure is not supported in RRC INACTIVE state.
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