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1 Introduction

In the RAN2 email discussion [95#28], data transmission in the NR inactive state was discussed.

In this contribution, we discuss the requirements and the solution proposals for the data transmission in the NR inactive state.
2 Context storage and RRC states

In LTE the following states are defined for the UE for connection management (ECM):

NOTE: 
The standard separates the states in two sets of pairs of (DEREGISTERED, REGISTERED) and (IDLE, CONNECTED) but IDLE and CONNECTED can be viewed as two sub-states within the REGISTERED state.

IDLE: No NAS signalling connection between UE and network exists. 

-
In IDLE state, a UE performs cell selection/reselection according to TS 36.304 and PLMN selection according to TS 23.122.

-
There exists no UE context in the RAN for the UE in the IDLE state. 

-
There is no S1-MME and no S1-U connection for the UE in the IDLE state

CONNECTED: UE location is known in the MME with an accuracy of a serving eNodeB ID. The mobility of UE is handled by the handover procedure

-
There exists a signalling connection between the UE and the MME. The signalling connection is made up of two parts: an RRC connection and an S1-MME connection

Figure 1 shows the network elements with UE state in LTE. 
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Figure 1 Network elements maintaining UE state in 4G

Observation 1: NR can use the same definition for IDLE and CONNECTED

Our contribution [3] summarizes NR idle mode definitions. In principle, UE context status per RRC state is relevant to the data transmission discussion.
- RRC_IDLE:

-
No RRC context stored in the NR gNB;

- RRC_CONNECTED:

-
UE has context in NR RAN;

3 Dedicated air link resources and RRC states

TR38.804 [2] defines the "inactive state" as follows:

- Potential characteristics of the RAN controlled “state” for study:
a)
The CN/RAN connection is maintained.

b)
AS context stored in RAN.

c)
Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.
d)
RAN can trigger paging of UEs which are in the RAN controlled "inactive state".

e)
No dedicated resources.
Observation 1: UE in NR inactive state has no dedicated air link resources but has context in RAN. 
Therefore the connected mode for NR should be divided into two sub-states:

· RRC_CONNECTED inactive state

· The characteristics are shown above.

· RRC_CONNECTED active state

· AS context stored in RAN.
· UE has dedicated resources.
Proposal 1: Agree on RRC_CONNECTED_ACTIVE with the following characteristics:
a)
The CN/RAN connection is maintained.

b)
AS context stored in RAN.
c)
UE location is known by a gNB, which has the AS context.
d)
UE has dedicated resources.
Proposal 2: Determine the state transition requirements for small data transmission in the NR "inactive state" based on the above definitions, i.e., if the UE is assigned dedicated air link resources to transmit small data then it requires a state transition
4 Requirements
To process the uplink data, the network needs to obtain the UE context in the RAN e.g. for deciphering the data, integrity check of the data (if applicable) and routing the uplink data towards the core network (i.e. needs to know the NG-U/NG3 connection). Therefore the uplink data has to be sent together with a UE-ID.
The uplink data requires the UE context for DRB mapping and security. Therefore the UE-ID should be able to uniquely identify the corresponding UE context where the uplink data is being deciphered after the MAC demultiplexing.

Requirement 1: Uplink data needs to be associated with a UE-ID so that the network can uniquely identify the corresponding UE context in RAN to process the data at the centralized unit.
In addition to the uplink data delivery consideration, DL data delivery also needs to be taken into account for this study because it’s likely that DL data follows the uplink data transmission (e.g. DL response/Ack towards the uplink data). Therefore if the uplink data delivery is optimized but DL delivery isn’t, overall overhead won’t be mitigated. For example, even if UE can transmit uplink data without moving into RRC_CONNECTED active state, the C-plane overhead imposed by the state transition via RRC procedure won’t be avoided in the case that DL data delivery requires the state transition.

Requirement 2: Not only UL data deliver overhead but also DL data delivery overhead should be minimized.

Proposal 3: Study DL small data transmission in the inactive state as well as UL small data transmission.
5 Conclusion
In this contribution, we discussed the requirements and the potential solutions of the data transmission in the NR "inactive state" and we concluded:
Proposal 1: Agree on RRC_CONNECTED_ACTIVE with the following characteristics:
a)
The CN/RAN connection is maintained.

b)
AS context stored in RAN.
c)
UE location is known by a gNB, which has the AS context.
d)
UE has dedicated resources.
Proposal 2: Determine the state transition requirements for small data transmission in the NR "inactive state" based on the above definitions, i.e., if the UE is assigned dedicated air link resources to transmit small data then it requires a state transition
Requirement 1: Uplink data needs to be associated with a UE-ID so that the network can uniquely identify the corresponding UE context in RAN to process the data at the centralized unit.
Requirement 2: Not only UL data deliver overhead but also DL data delivery overhead should be minimized.

Proposal 3: Study DL small data transmission in the inactive state as well as UL small data transmission.
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