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1 Introduction

Based on the agreement in RAN2#99 meeting as follows, UE will follow the initial access procedure to perform the RRC Connection Resumption.

12. For INACTIVE to CONNECTED RRC transition, RRC Connection Resume Request kind of message is sent over SRB0 carried by RACH MSG3.

FFS whether to have a common message/procedure for INACTIVE to CONNECTED RRC transition, RAN location area update (RLAU), re-establishment and for IDLE to CONNECTED transition.

Therefore, contention based RACH procedure could be regarded as the baseline for the RRC Connection Resumption. In this paper, we also discuss the non-contention based RACH procedure for INACTIVE UE, and provide the proposals for discussion.
2 Discussion

As agreed in the previous RAN2 meeting, the network knows the UE location within RAN paging area which includes one or more cells and UE performs mobility in the area without notifying the network. If the UE moves out of the area, the UE will resume the RRC connection to update the RAN paging area. RAN paging area is UE specific and configured by the network with dedicated signaling where the INACTIVE UE will perform cell reselection as IDLE state.

For INACTIVE UE, the CN/RAN connection is maintained and the UE AS context is stored in RAN and UE. The RAN will trigger paging of UE when the DL data arrives in the gNB. After receiving the paging from network, the UE will perform the contention based RACH procedure and resume the RRC connection to receive the data. So the time interval between data arrival and data reception is long due to the paging reception and contention based RACH procedure.
For LTE, the eNB will configure the dedicated RACH resource for the out of UL synchronization with PDCCH order when the DL data arrives in the eNB. Then the UE will perform the non-contention based RACH procedure and complete the UL synchronization to receive DL data. So the time interruption for the DL data reception is smaller due to the PDCCH order and non-contention based RACH procedure.
The network knows the UE location with a single cell for out of synchronization in UE UL in the LTE. And also the network could know the UE location with more than one cell for INACTIVE UE in NR. The low delay for service in 5G is an important requirement, especially for URLLC. In order to reduce the time interruption for the DL data reception for INACTIVE UE, non-contention based RACH should be considered. There are 4 options for INACTIVE UE to use the non-contention based RACH when the DL data arrives in the gNB.
Option 1: the dedicated RACH resource is configured in the paging message.

The RAN will trigger RAN paging when the DL data arrives in the gNB. The dedicated RACH resource can be configured in the paging message identified by the UE AS context ID. The INACTIVE UE performs the non-contention based RACH with the dedicated RACH resource to resume the RRC connection. For the option 1, the benefit of reducing the time latency for the DL data reception for INACTIVE UE is limited but it is simple and easy to implement.

Option 2: the dedicated RACH resource is configured by PDCCH order scrambled by single one C-RNTI in all the cells within the RAN paging area.
The INACTIVE UE monitors the PDCCH order with C-RNTI in cells within the RAN paging area. The network will trigger the PDCCH order transfer when the DL data arrives. The INACTIVE UE performs the non-contention based RACH with the dedicated RACH resource received in the PDCCH order to resume the RRC connection.
In this optin, the network needs to negotiate the C-RNTI for the UE and all cells in RAN paging area should reserve the C-RNTI for the UE before the network releases the UE go to INACTIVE state. For the option 2, the same C-RNTI is hard to be negotiated between cells.
Option 3: the dedicated RACH resource is configured by PDCCH order scrambled by different C-RNTI in the cells within the RAN paging area.

The RAN paging area includes more than one cell and may involve more than one gNB. So it is hard for the network to negotiate the same C-RNTI for the UE in each cell within the RAN paging area. The C-RNTI reserved for the UE in each cell within the RAN paging area can be different. The network will configure the reserved C-RNTI for each cell in RAN paging area when the network releases the UE to INACTIVE state. The UE will use the corresponding C-RNTI according to the camped cell to monitor the PDCCH order. The network will trigger the PDCCH order transfer when the DL data arrives. The INACTIVE UE perform the non-contention based RACH with the dedicated RACH resource received in the PDCCH order to resume the RRC connection. For the option 3, it is easy to implement. The only drawback is that it is necessary to coordinate the C-RNTI between cells.
Option 4: the dedicated RACH resource is configured by PDCCH order scrambled by the UE AS context ID.

The PDCCH order configuring the dedicated RACH resource is scrambled with the UE AS context ID instead of C-RNTI. The UE AS context ID is 40 bit in LTE, and the C-RNTI is 16 bit. So the corresponding CRC should be defined for PDCCH order, e.g. 40 bit CRC. The UE will decode the PDCCH with two types of CRC length blindly. The network will trigger the PDCCH order transfer when the DL data arrives. The INACTIVE UE performs the non-contention based RACH with the dedicated RACH resource received in the PDCCH order to resume the RRC connection. For the option 4, it needs to introduce the new CRC length and increase the complexity of the UE blind decoding of PDCCH. Furthermore, the option will involve RAN1.
Proposal 1: RAN2 is kindly asked to discuss the issue and select option 1 as baseline for introducing non-contention based RACH for INACTIVE UE.
3 Conclusions:

In this contribution, we discuss the possible enhancement for INACTIVE UE to use non-contention based RACH to reduce the latency for the DL data reception. The proposal is provided as follows:
Proposal 1: RAN2 is kindly asked to discuss the issue and select option 1 as baseline for introducing non-contention based RACH for INACTIVE UE.
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