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1 Introduction

In RAN2 #96[2], the following agreements were made related to data transmission in INACTIVE: 

Agreements

1
DL data in response to UL data should be considered in the development of solution A and B for UL data (2 email discussions above)

2
Study direct downlink data transmission not in response to any UL activity in RRC_INACTIVE without entering to full connected state. This study is a second priority compared to the study of UL data in inactive.

In addition, at the RAN2 Ad Hoc meeting in January, a number of agreements were made related to Solution A and Solution B were made to have a common understanding of these solutions prior to down-selection.  Some of these agreements related to the support for “subsequent” data transmission while remaining in INACTIVE state.  This contribution discusses this topic.

2 Details of Data transfers for UEs in Inactive State
In recent RAN2 discussions on data transfer for UEs in inactive state, it was agreed to consider both UL data transfer as well as DL data transfer in response to UL data.  For such data transfers, aspects to be considered include HARQ/ARQ, retransmissions, how DL data is sent, as well as the UE behaviour following transmission.  In [3], UE behaviour for initial UL data transmission, as well as for “large data” or sustained transmission (where the UE has more data in its buffers that can be transmitted in a single TB) is discussed.  We further consider such initial and sustained data transmission in the following subsections.
2.1 UL Data Transmission
In our companion contribution [4], we indicate the need to support data transmission in inactive through the use of a RACH procedure as a baseline, to address the case where a UE may lose UL timing alignment while in INACTIVE.   Data transmission in inactive state using RACH procedure should maintain simplicity in order to ensure that the inactive state maintains its low-power consumption properties.  In addition, it is expected that the data transmission requirements in the new state should be significantly low, otherwise the UE would be best to move to connected and transmit data using more efficient means relying on measurements and dedicated resources.  In order to maintain simplicity, the main scenario to be addressed should be a single shot transmission of data by the UE in the UL.  

Therefore we should allow for a single transmission in the UL using RACH procedure (i.e. a single transport block). Including data in MSG3 of the 4-step RACH would allow data transmission to be self-contained in a RACH procedure which would not require deviations from the basic initial access or handover procedure, etc.  
Proposal 1:
A single (initial) UE UL data transmission and associated HARQ/ARQ is self-contained within the RACH procedure.  
Along with data transmissions, there may be the need to transmit a BSR to inform the network of the UE’s buffer status.  This may allow the network to decide, at any time, whether to move the UE to connected state or not.  
Proposal 2:
A UE transmits at most one transport block of data and zero or more MAC CEs in the initial UL Transmission.    

It may be possible that the UE has additional data in the buffers beyond the single TB transmitted in the initial UL transmission.  Depending on the amount of data in the buffers (indicated by BSR) as well as the network load, the network may allow the UE to stay in inactive state to perform such subsequent data transmission.  While subsequent data transmission could be performed by having the UE perform successive RACH procedure, this may not be desirable as it would consume significant RACH resources and would result in unnecessary signalling overhead for the RACH procedure.  Specifically:

· The UE is already timing aligned following an initial transmission and does not need to rely on the timing advance from MSG2

· The UE should not have to contend on shared resources in the case where it is already reachable by the network (i.e. contention resolution has already occurred, the UE has a cell specific ID and is monitoring control channel)

In any case, it should be up to network control whether and how long sustained transmissions should continue.  At any time, the network should be able to trigger transition to connected state.   
The dedicated resources required for sustained data transmission may be provided in MSG4 of the RACH procedure, and then through dedicated PDCCH grants following this.  HARQ feedback could be provided using PHICH or some similar methods to LTE.  However, details of providing HARQ feedback in this case would need to be further studied by RAN1.   
Proposal 3:
A UE may be provided with additional UL resources to perform transmission following the completion of a single RACH procedure. 
2.2 DL Data Transmissions
DL data transmissions include DL traffic as well as RLC and application layer acknowledgements and/or status reports in response to UL data.  

Following the same principles of the previous section, DL data could also be transmitted by the network as part of the UEs initial data transmission procedure.  For example, DL data could be included in MSG4 of the 4-step RACH procedure..  As for the case of UL HARQ, the DL HARQ is largely a RAN1 topic, but we also think HARQ feedback should be self-contained within the RACH procedure. 

Proposal 4:
A single DL data TB and HARQ feedback is self-contained in the procedure initiated for initial UL data transmission.  

Self-contained DL transmission may support RLC feedback.  For instance, it may be possible for the network to generate the RLC feedback applicable to an UL transmission and send it in MSG4.  Application layer feedback, however, may take longer to generate and may not be able to be included as part of the initial UL data transmission.  While such feedback could be sent by paging the UE, this may be inefficient as it requires the UE to move to connected state simply to receive the acknowledgement, and it limits the timing of acknowledgement transmission by the network to the inactive state DRX schedule.  A more efficient way to transmit application-layer acknowledgements to the UE would be to allow it to continue monitoring the control channel for a configurable period of time or window following the initial UL transmission.  

Proposal 5:
A UE monitors PDCCH following completion of an initial UL data transmission for a configurable period of time.

2.3 UE ID for Inactive State

Discussion in [3] and [5] focused on the UE ID.  As discussed in our companion contribution [6] the network needs to use the RAN area specific UE ID in a way such that it can uniquely identify the UE and the cell in which the context of the UE is stored.  The RAN area specific UE ID can be a combination of cell ID and UE ID or, if managed by a central controller, it can be any value the network choses, as long as it is known which cell has the last known stored context.In order to support UL/DL data transmissions following msg4, as proposed in the previous sections, the UE needs to be identified with a gNB specific UE ID that can be used for L1 scheduling (similar to the C-RNTI).  This ID then needs to be changed each time the UE performs transmission to a different cell.  In the LTE RACH procedure, the network assigns a TC-RNTI in msg2 which is then promoted to C-RNTI following successful reception of msg4.  In a similar way, the gNB specific UE ID for DL scheduling when a UE changes cells can be provided as part of the RACH procedure.

Proposal 6:
The UE receives its gNB specific UE ID for DL transmission scheduling in INACTIVE from the RACH procedure. 
In the case the UE is in the same cell it seems natural to allow the UE to use the gNB specific UE ID to identify itself in msg3, thus reducing the overhead of msg3. In this case, msg4 can then be scheduled on PDCCH using this same gNB specific UE ID.  
Proposal 7:
A UE should be able to perform UL data transmission in INACTIVE using the gNB specific UE ID if it hasn’t changed cells.

2.4 QoS Support and Bearer Configuration

The QoS requirements associated with each service/bearer configured while in the INACTIVE state 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 stay in the INACTIVE state while transmitting data may 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, the configuration should be provided on a per-bearer basis. 

Proposal 8:
Data transmission in the INACTIVE state is configurable on a per-bearer basis. 

The amount of data that can be transmitted by a UE while remaining in the INACTIVE state 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 be required to move to RRC_CONNECTED if it has changed cell while it was in the INACTIVE state;

· Timing alignment: Depending on further progress in RAN1, data transmission in the INACTIVE state 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 9:
The UE can be configured with a DRB-specific threshold for the amount of data requiring transition from the INACTIVE state to RRC_CONNECTED.
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 the INACTIVE state, 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 the INACTIVE state 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 the INACTIVE state 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 the INACTIVE state;

· 3) Bearers which can be removed during a transition from RRC_CONNECTED to the INACTIVE state.

Proposal 10:
The procedure to initiate a transition to the INACTIVE state supports removal of a subset of bearers, and reconfiguration of remaining bearers with a data threshold for determining when to move to RRC_CONNECTED.

3 Conclusion

In this contribution the following proposals were made related to data transmission procedures in the inactive state:
Proposal 1:
A single (initial) UE UL data transmission is self-contained within the RACH procedure.  

Proposal 2:
A UE transmits at most one transport block of data and zero or more MAC CEs in the initial UL Transmission.    

Proposal 3:
A UE may be provided with additional UL resources to perform transmission following the completion of a single RACH procedure. 

Proposal 4:
A single DL data TB and HARQ feedback is self-contained in the procedure initiated for initial UL data transmission.  

Proposal 5:
A UE monitors PDCCH following completion of an initial UL data transmission for a configurable period of time.

Proposal 6:
The UE receives its gNB specific UE ID for DL transmission scheduling in INACTIVE from the RACH procedure. 

Proposal 7:
A UE should be able to perform UL data transmission in INACTIVE using the gNB specific UE ID if it hasn’t changed cells.

Proposal 8:
Data transmission in the INACTIVE state is configurable on a per-bearer basis. 

Proposal 9:
The UE can be configured with a DRB-specific threshold for the amount of data requiring transition from the INACTIVE state to RRC_CONNECTED.
Proposal 10:
The procedure to initiate a transition to the INACTIVE state supports removal of a subset of bearers, and reconfiguration of remaining bearers with a data threshold for determining when to move to RRC_CONNECTED.
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