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1 Introduction

One objective of the study item (SI) [1] on NR is to aim at a single technical framework that supports all identified usage, requirements and deployment scenarios including eMBB, mMTC and URLLC.
TR 38.913 [2] further includes a number of requirements. For example, latency requirements for the control plane “power efficient state” to “active transfer state” transition is set to 10ms.
In RAN2 #94 [3], the following agreements were made related to the “new state” (or RAN controlled state):
Agreements:

1
Study the introduction of a RAN controlled “state” characterised by, at least:

a/ -
UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b/
Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the "state"

FFS whether "state" translates to an RRC state

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

In RAN2 #95 [4], further agreements were made in relation to this new state:

Agreement

1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”

FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4:. 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed

=>
Agree that, in the 'new state' there will be a mechanism where the UE first transits to the full connected state where data transmission can occur. 

Email discussion [95#28] [5] discusses benefits and drawbacks of a) transition from the new state to full connected in order to transmit data vs. b) data transfer supported while remaining in the new state.

It can also be expected that the NR RRC state machine will include a separate state for the new state, and that both transitions between RRC CONNECTED and that new state will be supported, as described in [6].
This contribution further discusses transmission of data in the new state.
2 Data Transfers when in the “new state” for NR
In the new RAN-controlled state, control plane data transfers could be supported e.g. for any RAN-based area update, measurements, connection resume requests, etc. User plane data transfers could also be supported if the UE is considered in ECM-CONNECTED state from the nextGenCore (NGC)’s perspective. However, new mechanisms would be needed to ensure lossless service continuity for continuous data transfers because a UE in this new state is expected to perform autonomous mobility. This could possibly come at the expense of significant additional complexity.

Hereafter is assumed that a UE can receive L3/RRC signalling such that it can transition between a fully connected NR state (e.g. RRC CONNECTED) and the new state. When in the new state, the network has means to store and retrieve a context for the UE and the connection to the NGC is maintained. 

2.1 Data Transmission following a Transition to RRC CONNECTED
In option a), the UE performs a transition from the new state to RRC CONNECTED and data transmission (either DL or UL) is then initiated. Such transition from a low power state to the fully connected state is expected to meet the 10ms latency requirement [4] at least for the start of continuous data transfers.  
Observation 1:
The transition from the new state to RRC CONNECTED is expected to meet the 10ms latency requirements in TR38.913 [4].
In particular, a transition to RRC CONNECTED is optimal for continuous data transfers i.e. the UE should transit to a fully connected state for uplink or downlink data transmissions above a certain amount.
Given a reconnection procedure that would have sufficiently low latency, the transition to RRC CONNECTED should be considered as the baseline for transmission having at least a certain amount of data.
Proposal 1:
As a baseline, the UE in RRC INACTIVE mode (or equivalent) transits to RRC CONNECTED for uplink (or downlink) data transmissions above a certain amount in size x. (value of x is FFS).
Such transition is expected to be faster than performing an initial access from the IDLE mode since the RAN-NGC connection/context is maintained. However, RAN2 should further study any possible improvements for specific cases e.g. small data transfers (e.g. x > 0) and/or support for services with specific QoS requirements (e.g. URLLC). For example, for small data transfers that could be completed in a single (or at most a few) transmission(s), there may be benefits in avoiding a transition to CONNECTED state in terms of signaling, physical resource usage, transmission power and procedural overhead.
In addition, a UE in the new state is likely to not have valid uplink timing alignment and/or may have moved to a different cell autonomously. In other words, a UE in the new state is likely to be unsynchronized for uplink transmissions such that any data transfer in this state including control plane signaling required for the transition will first require a random access procedure.
Observation 2:
In the new state, a Random Access Procedure is needed to transit to RRC CONNECTED.
2.2 Data Transmission while in the New State

The above proposed baseline, whereby a UE in the new state would first move to RRC CONNECTED to perform data transmissions, is expected to meet the 10ms latency requirement. However, additional aspects such as minimization of power consumption and reduction of signalling overhead (e.g. request/configuration and response) in relation to the amount x of data transferred should be considered. Further improvements may also be useful for mMTC devices where a UE may only require transmission/reception of a small amount of data, but the density of such UEs is large. The applicable requirements for mMTC devices are stated in [2] in terms of battery life (10-15 years) and connection density (1000000 devices/kilometre square).

Observation 3:
Requirements on battery life, connection density from TR 38.913 as well as reduction of signalling overhead, ultra-low latency may justify transmission of some data in new state.
· The question of whether or not a UE may transmit/receive data (SRB and/or DRB) in the new state is related to benefits in relation to the above aspects, for amounts of data less than the value x above.
Proposal 2:
Value of x is non-zero.
2.2.1 Uplink Data Arrival at the UE
This section considers the cases of UL data arrival for SRBs and DRBs, and related UE behaviour.

Assuming a non-zero value for x, the UE first determines whether the amount of data becoming available for transmission is in excess of this value or not. If not, for example the UE can perform a transmission that only includes an identity of the UE together with the data (e.g. as a MAC CE) while remaining in the new state i.e. without the need to transmit a RRC Connection Request Resume (or equivalent). Otherwise, the UE would first transmit the RRC Connection Request Resume (or equivalent) e.g. using SRB0. This may spare the transmission of at least two RRC messages (e.g. a resume request and a suspend response) for any small data transfers below size x. Such data transfer may however depend on security-related aspects (FFS) such as whether or not authentication is necessary for the UE ID. 
Proposal 3:
The UE in the new state can be configured with a nonzero value of x.

In addition, the value x could be applicable only to specific bearers. Both aspects should be under the control of the network and should be configuration aspects of the UE when in the new state. For small data transfers, a UE could thus be configured to transmit an amount x of data in a single transport block (TB).
Proposal 4:
The value x may be configured for specific data radio bearers (DRBs).
For RAN-based location update (and/or possibly also for RRC measurement reports), a UE could also be configured to transmit the entire RRC PDU no larger than size x in a single TB.

Proposal 5:
The value x may be configured for specific signalling radio bearers (SRBs).
Notably, a configured value for x possibly associated to specific radio bearer(s) could enable the network scheduler to properly dimension the allocation of resources to the UE e.g. a grant for the first transmission.  
In the case of data transmission in the new state, similar to the proposed baseline, the UE in the new state is likely to be unsynchronized for uplink transmissions and so any data transfer in this state will also require a random access procedure.

Observation 4:
In the new state, a Random Access Procedure is needed to transmit any type of UL data.
2.2.2 Downlink Data Arrival
This section considers the cases of DL data arrival for SRBs and DRBs, and related UE behaviour.

Assuming a non-zero value for x, the UE would first receive downlink control signalling (e.g. similar to a PDCCH-order in LTE, or RAN-based paging) on a downlink channel (e.g. PDCCH or equivalent, or on the RAN-based paging channel) indicating the UE should access the system using a random access procedure.
Contrary to the case of uplink data arrival, the determination of whether or not the UE should transit to RRC CONNECTED is under control of the network. In this case, only applicable signalling from the gNB to the UE is required to instruct the proper UE behaviour and to enable similar benefits as for the uplink data arrival.

Proposal 6:
The UE in the new state may receive control signalling in the first downlink transmission (e.g. MAC or RRC) from the network indicating a transition to RRC CONNECTED.

Absence of such indication in the first downlink transmission when in the new state would then indicate that no further transmissions are expected i.e. the UE remains in the new state once HARQ has completed.
Proposal 7:
The UE determines that it should remain in the new state in absence of control signalling to indicate that the UE should transition to CONNECTED, in a downlink transmission.

The above also simplifies UE behavior in the new state because a single procedure can be used for DL data arrival for either cases of data transmission or connection reconfiguration leading to a state transition.
In this case once again, also similar to the previous cases above, the UE in the new state is likely to be unsynchronized such any downlink data transfer in this state will also require a random access procedure.

Observation 5:
In the new state, a Random Access Procedure is needed to receive any type of DL data.

3 Conclusion

In this contribution the following observations we made related to data transfers in the new state for NR:
Observation 1:
The transition from the new state to RRC CONNECTED is expected to meet the 10ms latency requirements in TR38.913 [4].
Observation 2:
In the new state, a Random Access Procedure is needed to transit to RRC CONNECTED.
Observation 3:
Requirements on battery life, connection density from TR 38.913 as well as reduction of signalling overhead, ultra-low latency may justify transmission of some data in new state.
Observation 4:
In the new state, a Random Access Procedure is needed to transmit any type of UL data.
Observation 5:
In the new state, a Random Access Procedure is needed to receive any type of DL data.

As a result of the above, RAN2 should discuss and agree to the following:
Proposal 1:
As a baseline, the UE in RRC INACTIVE mode (or equivalent) transits to RRC CONNECTED for uplink (or downlink) data transmissions above a certain amount in size x. (value of x is FFS).
Proposal 2:
Value of x is non-zero.
Proposal 3:
The UE in the new state can be configured with a nonzero value of x.

Proposal 4:
The value x may be configured for specific data radio bearers (DRBs).
Proposal 5:
The value x may be configured for specific signalling radio bearers (SRBs).
Proposal 6:
The UE in the new state may receive control signalling in the first downlink transmission (e.g. MAC or RRC) from the network indicating a transition to RRC CONNECTED.

Proposal 7:
The UE determines that it should remain in the new state in absence of control signalling to indicate that the UE should transition to CONNECTED, in a downlink transmission.

Finally, as a consequence of the above, further enhancements beyond the random access procedure of LTE should be considered for NR. This would be useful to enable improvements to the start of data transfers in the new state (whether or not the amount of data is above a value x).
Consequently, the following is proposed: 
Proposal 8:
Enhancements to the random access procedure (beyond the legacy 4-step procedure) to support low latency data transmission should be further included in the scope of the NR SI.

Possibly, such principle could be extended to the CONNECTED state as well. This would be helpful to minimize latency e.g. for URLLC, to enable seamless connected mode mobility, and to introduce enhanced support of short data transfers e.g. for mMTC and/or eMBB while in RRC CONNECTED unsynchronized.
Observation 6:
Support for short data transfers in the random access procedure may be equally applicable to an unsynchronized UE in CONNECTED mode.
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