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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.

This contribution discusses sustained data transfer while remaining in inactive state.
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
A UE in the inactive state may only have occasional data to transmit and may remain in this state for a significant amount of time without performing any UL data transmission.  During this time, the UE may lose timing alignment with the target cell, or may reselect to a different cell in the RAN notification area.  Either of these cases can result in the UE requiring re-alignment of the uplink timing before any data transmissions is performed. 

Observation 1:
Initial data transmissions by UEs in Inactive state may occur when the UE does not have proper timing alignment. 

The RACH procedure defined in LTE provides timing alignment as part of MSG2.  In addition, UL data transmission using the existing RACH procedure can be performed by including the data in MSG3.  RAN1 has also considered use of a 2-step RACH procedure, and in this case, data could be included as part of MSG1.  RACH can therefore be used as a baseline for data transmissions in inactive state.  While contention-based resources discussed in RAN1 may also be used, the use of such resources for data transmission would require assumption of some level of timing alignment.
Proposal 1:
Data transmission in INACTIVE should be supported using at least the RACH procedure.  It is FFS whether other methods can be supported (e.g. contention-based resources), and under what conditions.  

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, or MSG1 of the 2-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 2:
A single (initial) UE UL data transmission is self-contained within the RACH procedure.  
Acknowledgements of UL data need to be supported at different layers (MAC, RLC, and application layer).
Regardless of the type of RACH procedure (2-step or 4-step), similar to LTE HARQ should be supported for the initial data transmission in msg3 and msg1 (e.g. if data can be transmitted).  HARQ retransmissions can be done based on a maximum number of retransmissions (possibly including power ramping) or until a DL response is received (e.g contention is resolved).  The presence of a response echoing the transmitted UE ID can be interpreted as an implicit acknowledgment.  Whether explicit HARQ feedback is possible this is up to RAN1 would require more discussions in RAN1.  
Proposal 3:
HARQ/ARQ for UE UL data transmission is self-contained within the RACH procedure.  

For RLC and application layer acknowledgements, these can be sent by the network through scheduled DL transmissions, which are discussed further in the next section.
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 4:
A UE transmits at most one transport block of data and zero or more MAC CEs in the initial UL Transmission.    

Depending on the buffer status of the UE following an initial transmission, the network may decide that it wants the UE to remain in inactive state or to move to connected to continue UL data transmissions.  The network should therefore have some means to establish or trigger an RRC connection following initial transfer of data.  This can be achieved in a number of ways.  For example, MSG4 in the RACH procedure may include an indication to the UE to trigger an RRC Connection.  Alternatively, the RACH procedure may include suspend/resume signalling (i.e. solution B).  The first method has the advantage that RRC signalling does not always need to be included within the RACH procedure used for UL data transmission.    

Proposal 5:
A UE may be instructed to move to connected state following successful completion of data transmission as part of 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 sustained data transmission.  While sustained 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 6:
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, or MSG2 of the 2-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 7:
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.  Such could result in unnecessary delays in the application layer, or provisioning the UE with a shorter DRX cycle than is necessary for the inactive state.
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 8:
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

Some discussion in [3] focused on the UE ID.  As discussed in our companion contribution [5] 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.  

To that affect we think that the RAN area specific UE ID can be used for context fetch when the UE has moved cells and for RAN paging. 
For data transmission we differentiate between two cases:

1. The UE is in the same cell since transition to inactive state - the initially allocated C-RNTI is valid 

2. The UE has change cells since its last transition – the UE context is in another cell and C-RNTI is no longer valid.  
In the case the UE is in the same cell it seems natural to allow the UE to use the C-RNTI as a UE ID in msg3 or in msg2 (in case of 2 step RACH) and just like current LTE RACH msg4 can be scheduled using the UEs C-RNTI.

Proposal 9:
A UE should be able to perform UL data transmission in INACTIVE using the C-RNTI as the UE ID if it hasn’t changed cells.

In case the UE has move to a different cell, the UE can perform UL data transmission and use the RAN area specific UE ID in msg3 to identify itself.  Depending on SA3 work and how the RAN area specific UE IDs are allocated, the network may have to reconfigure the UE with new security parameters and/or new IDs.  Consequently, the network would have to move the UE to RRC connected to provide these parameters. Until we know more, we propose to focus on data transmission in the same cell and if it is determined that data transmission in other cells is possible we can revisit the feasibility of such solution.  

Proposal 10:
Down prioritize discussions on INACTIVE data transmission to different cells until we have more SA3 input.

3 Conclusion

In this contribution the following observations we made related to data transmission procedures in the inactive state:
Observation 1:
Initial data transmissions by UEs in Inactive state may occur when the UE does not have proper timing alignment. 

Based on this, the following proposals were made:
Proposal 1:
Data transmission in INACTIVE should be supported using at least the RACH procedure.  It is FFS whether other methods can be supported (e.g. contention-based resources), and under what conditions.  

Proposal 2:
A single (initial) UE UL data transmission is self-contained within the RACH procedure.  

Proposal 3:
HARQ/ARQ for UE UL data transmission is self-contained within the RACH procedure.  

Proposal 4:
A UE transmits at most one transport block of data and zero or more MAC CEs in the initial UL Transmission.    

Proposal 5:
A UE may be instructed to move to connected state following successful completion of data transmission as part of the initial UL transmission. 

Proposal 6:
A UE may be provided with additional UL resources to perform transmission following the completion of a single RACH procedure. 

Proposal 7:
A single DL data TB and HARQ feedback is self-contained in the procedure initiated for initial UL data transmission.  

Proposal 8:
A UE monitors PDCCH following completion of an initial UL data transmission for a configurable period of time.

Proposal 9:
A UE should be able to perform UL data transmission in INACTIVE using the C-RNTI as the UE ID if it hasn’t changed cells.

Proposal 10:
Down prioritize discussions on INACTIVE data transmission to different cells until we have more SA3 input.
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