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1 Introduction

In RAN2 #95bis [1], the following agreements were made for UE Transmissions in the new state:

Agreements for how progress the study:

1: 
For any solution to send uplink packet, the latency, signalling overhead and UE power consumption, UE mobility shall be evaluated.

1a
We need to discuss and determine the use case for data transmission

1b
Determine the latency requirements from the RAN TR that apply for the "new state".

2
2 potential approaches for further evaluation (in addition to baseline move to connected and then transmit data)

b) Transmit data together with initial RRC message for transition to connected

c) Transmit data in "new state"

3
Questions for be answered for any proposal ()

- whether there is RACH, if so whether it is 2-step or 4-step (there could be 3 options)?

- contention resolution, full details including identifiers, resolution at which step (depends on exact procedure), etc?

- grant size, what are the supported sizes and how does the network determine the size to allocate?

- whether 0, 1, 2 or 3 RRC messages are used (from latency and overhead perspective, less messages could be better)?

- usage of HARQ/ARQ?

-  how is the UE context located and identified in the network?

- how to ensure that only the right UE is using the UE context, including the UE need to provide some proof of having the right UE security context?- how to configure U-plane? Handling of DRB/SRBs, what level of QoS is supported?

-
How the AS state is updated and maintained in the network (incl. security keys, NCC, sequence numbers)?


- Which tasks does the UE perform, e.g. RLM, CSI/RRM measurements, etc at each step.


- whether the proposed solution would affect the coverage by deteriorating the success rate of   RRC signalling transmission

- how to decide when to use small data transmission (b) or c)) rather than move to connected and then transmit data? how potential subsequent transmissions and/or “large data” is handled, requiring transition to “full connected state”?

- How are DL acknowledgement handled (both on RLC and HARQ level) and on application layer?

This contribution discusses some of the remaining issues from the above.
2 UE Transmissions in RRC_INACTIVE
UEs in the inactive state, should be able to move to connected to transmit data.  This is expected to meet the 10ms latency requirement. In addition, minimization of power consumption and reduction of signalling overhead (e.g. request/configuration and response) in relation to the amount of data transferred can 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 1:
Requirements on battery life, connection density from TR 38.913 and signalling overhead reduction, ultra-low latency may justify transmission of some data in RRC_INACTIVE.

While two solutions (b and c) were discussed at the last meeting, satisfying the above requirements may require the UE being able to transmit data without transition to RRC_CONNECTED.  For example, in RRC_CONNECTED, the UE may need to perform measurements and monitor the DL control channel, which would have significant impact on power consumption.
Proposal 1:
The UE supports transmission of data in RRC_INACTIVE without performing transition to connected mode.
Transmission of data while remaining in RRC_INACTIVE will likely be less resource efficient than transmission in RRC_CONNECTED.  This may be due the need for the UE to transmit using contention-based resources rather than using gNB allocated resources which are allocated based on measurements at the UE.  As a result, for large amounts of data, it would be best to rely on the baseline of transition to RRC_CONNECTED before data transmission.  Performing data transmission while remaining in RRC_INACTIVE could be possible for a UE when the amount of data to be transmitted does not exceed a certain amount.  This amount can be characterized, for example, based on the arrival of new data to the UE’s buffers for UL transmission, or the amount of data in the buffers at a given time.   
Proposal 2:
The UE supports transmission of data in RRC_INACTIVE up to a certain size. 

2.1 Possible Use Cases of Relevance
One use case for data transmission while remaining in RRC_INACTIVE is that of mMTC.  Such devices may have relatively short amounts of data to transmit infrequently, and the overhead of signalling and power consumption for transition to RRC_CONNECTED would be inefficient.  However, there is a benefit to transmit data in the new state for other use cases as well, for example, to reduce latency.  Having a UE transmit control messages such as system information requests and RAN paging area updates while remaining in RRC_INACTIVE would also result in an overall reduction of signalling load in the network if many UEs make use of the new state.  The design for UE transmission of data while remaining in RRC_INACTIVE, should be scalable and flexible enough to support all use cases and types of data transmission. 
Proposal 3:
A service-agnostic solution for data transmission in the new state should be designed (applicable to eMBB, URLLC, etc).
2.2 QoS Support and Bearer Configuration
The QoS requirements associated with each service/bearer configured while in RRC_INACTIVE should be met. While some types of traffic (e.g. instant messaging, best effort traffic) can allow short and infrequent UL data transmissions, potentially with low requirements on reliability, others will require an RRC connection with the gNB for better resource control to ensure QoS.  The decision of whether a UE should move to RRC_CONNECTED to transmit data, or may stay in RRC_INACTIVE while transmitting data will therefore depend on the QoS associated with the data. 
Since each radio bearer in NR will contain flows or services with a common QoS, and since it is up to the gNB how to create radio bearers it would be natural for the configuration to be provided on a per-bearer basis. 
Proposal 4:
Data transmission in RRC INACTIVE is configurable on a per-bearer basis. 

The amount of data that can be transmitted by a UE while remaining in RRC_INACTIVE will depend on the QoS of the associated bearer, and should be configurable per bearer.  In addition, there may be a number of other factors that may influence a UE’s decision:
· Security considerations: Depending on the design of security and cell definition, a UE may need to move to RRC_CONNECTED if it has changed cell while it was in RRC_INACTIVE

· Timing alignment: Depending on further details in RAN1, data transmission in RRC_INACTIVE may be limited to have some minimal amount of timing alignment with the network

The above factors can be addressed later as they have a dependency on progress of other groups.
Proposal 5:
The UE can be configured with a DRB-specific threshold for the amount of data requiring transition from RRC_INACTIVE to RRC_CONNECTED.
Similar arguments above can also apply to RRC signalling.  At the last RAN2 meeting, it was agreed that system information requests could be transmitted in RRC_INACTIVE without leaving that state (although the details of how the request is sent still needs to be defined).  In addition, it is expected that location updates such as tracking area updates or RAN paging area updates will need to be transmitted by the UE while in RRC_INACTIVE.     
Proposal 6:
The UE supports transmission of RRC signalling in RRC_INACTIVE.  FFS whether this is applicable only for specific RRC procedure and/or based on a similar thresholding as DRB.
In the case of certain bearers, any uplink data arrival should immediately trigger a transition to RRC_CONNECTED.  This can be accommodated with the threshold rule above, by setting the threshold for the amount of data arrival to be 0.  While such bearers can effectively not be used while in RRC_INACTIVE, it would be advantageous to maintain the context of such bearers in the network and the UE, as the latency associated with re-establishing data transmission on these bearers would be shorter compared to creation of the bearer following transition to RRC_CONNECTED.  There may be radio bearers where latency of moving from RRC_INACTIVE to RRC_CONNECTED is not a concern.  In such cases, context information associated with these bearers does not need to be maintained.  Connection establishment would then have a treatment similar to transition from IDLE for those bearers.  As a result, a UE could simultaneously support services with three types of bearers:

· 1) Bearers allowing data transmission in RRC_INACTIVE up to a maximum amount of data 

· 2) Bearers requiring transition to RRC_CONNECTED in case of data arrival, and therefore suspended when the UE moves to RRC_INACTIVE
· 3) Bearers which can be removed during a transition from RRC_CONNECTED to RRC_INACTIVE

Proposal 7:
The procedure to initiate a transition to RRC_INACTIVE supports removal of a subset of bearers, and reconfiguration of remaining bearers with a data threshold for determining when to move to RRC_CONNECTED.
From discussions on reflective QoS the last RAN2 meeting, if a new service starts with the arrival of an uplink packet, the UE should transmit the packet using the default bearer.  The default bearer must therefore remain enabled in RRC_INACTIVE, and cannot be removed.
Proposal 8:
The default bearer is always be enabled in the RRC_INACTIVE.
2.3 Data Transmission Mechanism for Inactive State
Two solutions were discussed at the last RAN2 meeting in addition to the baseline.  In solution b) signalling similar to suspend/resume would be utilized, and the data would be multiplexed together with the RRC connection request.  The network may decide whether to keep the UE in RRC_INACTIVE or initiate an RRC connection, and indicate the decision to the UE in the “resume” message.  It is expected that this decision would be made based on the data (e.g. the logical channel) transmitted with the connection request, or would require the UE to transmit a BSR or equivalent information.  Solution b) therefore has the advantage that it can reuse many of the concepts and signalling from RRC Suspend/Resume.
In solution c) the decision for transitioning to RRC_CONNECTED or staying in RRC_INACTIVE is made by the UE based on network configuration rules (as described earlier).  The UE does not require transmission of the RRC Connection request message or additional BSR, making the method more resource efficient.  
Regardless of the method chosen, a method for performing RACH will be needed, since perfect timing alignment should not always be assumed (particularly if the UE has spent a long period of time in RRC_INACTIVE without data to transmit).  Having to maintain timing alignment regularly to enable a RACH-less data transmission would go against the requirement of saving power.

RAN1 is discussing the use of both 2-step and 4-step RACH, and companion contribution [4] discusses the details of the 2-step RACH, including how data can be transmitted with a two-step RACH, and HARQ can be handled.  Such discussions are relevant and applicable to how data transmission can be realized in RRC_INACTIVE.  For instance, the 2-step RACH procedure could be better suited for low-latency services, while the 4-step RACH procedure could be used otherwise as well as in scenarios where contention resolution and/or data transmission in 2-step may be less efficient (e.g. high collision rate, no valid uplink timing alignment, etc).        

Proposal 9:
The UE can access UL transmission resources in RRC_INACTIVE using either 2-step or 4-step RACH procedure.  It is FFS how the UE will select the applicable procedure.
3 Conclusion

In this contribution the following observations we made related to data transmission in RRC_INACTIVE:
Observation 1:
Requirements on battery life, connection density from TR 38.913 and signalling overhead reduction, ultra-low latency may justify transmission of some data in RRC_INACTIVE.
Based on this, the following proposals were made:
Proposal 1:
The UE supports transmission of data in RRC_INACTIVE without performing transition to connected mode.
Proposal 2:
The UE supports transmission of data in RRC_INACTIVE up to a certain size.
Proposal 3:
A service-agnostic solution for data transmission in the new state should be designed (applicable to eMBB, URLLC, etc).

Proposal 4:
A UE in RRC_INACTIVE can be configured by the network with one or more bearers associated to any QoS level.
Proposal 5:
The UE can be configured with a DRB-specific threshold for the amount of data requiring transition from RRC_INACTIVE to RRC_CONNECTED.
Proposal 6:
The UE supports transmission of RRC signalling in RRC_INACTIVE.  FFS whether this is applicable only for specific RRC procedure and/or based on a similar thresholding as DRB.

Proposal 7:
The procedure to initiate a transition to RRC_INACTIVE supports removal of a subset of bearers, and reconfiguration of remaining bearers with a data threshold for determining when to move to RRC_CONNECTED.

Proposal 8:
The default bearer is always be enabled in the RRC_INACTIVE.

Proposal 9:
The UE can access UL transmission resources in RRC_INACTIVE using either 2-step or 4-step RACH procedure.  It is FFS how the UE will select the applicable procedure.
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