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1. Introduction
In the last meeting, small data transmission in inactive state was discussed. The discussion primarily focused on the UL small data transmissions. However the DL data reception while in inactive state is not precluded. In this contribution, we provide our views on the need for DL data reception by the UE while in inactive state. 

2. Discussion
Inactive state is used primarily for UE power saving. As discussed in the last meeting, the low latency for data transmission and low signaling overhead in addition to the UE power saving are targeted requirements for data transmission support while in inactive state.

There are two types of small data reception in DL to be considered.
Category 1: The DL data corresponding to the UL data transmission. 

Category 2: The DL data arrival due to mobile terminating call.

Category 1 results due to the data transmission in UL. Application layer acknowledgement or the DL data transmission triggered in response to the UL request could be considered in Category 1. For category 1 DL data, the UE has already transmitted UL data therefore the network is aware of the UE location at least at cell level and the UE context is established at the network. The network can deliver the DL data to the UE using inactive UE ID as the UE identification while in inactive state. The DL transmission is to take place at predetermined time after the UL data transmission.   
Compared to category 1, category 2 DL data transmission could take place at any time. Thus the UE location may not be known at the cell level when the DL data transmission is triggered. Therefore, the network needs to notify the UE using RAN based notification mechanism in the RNA. 
Even though the category 1 and category 2 of DL data transmission requires different treatments with respect to the identifying UE location at cell level, both categories of DL data transmission could be resulted and could bring the benefits in terms of reduced signaling overhead and UE power saving. Therefore both categories of DL data transmission should be investigated.

Proposal 1:  Both DL data reception categories; Category 1- DL data transmission corresponding to the UL transmission and Category 2- small data arrival for mobile terminating call should be investigated for DL data reception while in inactive state. 

We think data transmission in inactive state (without transition to connected state) is more applicable to burst small data either in UL or DL. If the data in buffer can’t be accommodated in one transport block, or there are consecutive service data to be transmitted, transition to connected state is expected.
In DL, the NR gNB has sufficient knowledge to decide on whether the UE should transit to connected mode for data reception or the small data can be received while in inactive state. The gNB decision should be informed to the UE together with the UE notification of DL data transmission.

Proposal 2:  DL small data transmission in inactive state could be used for burst small data. The UE is informed when to transit to connected state for DL data reception by the RAN. 
With category 1 above, the network is aware of the UE location at least at the cell level prior to the DL data transmission. Therefore, the DL data can directly be delivered to the UE from the corresponding gNB or anchoring gNB.  For category 2 above, the network is aware of the UE location at RNA level when the DL data transmission is triggered for the UE. There are two options to notify the UE of DL data arrival when the UE location is not known at cell level.
Option 1: the UE notification and DL small data transmission (notification carries DL data)

The DL small data is sent together with the notification, e.g. contains the data in the notification message. The corresponding procedure is shown in Figure 1.
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Figure 1 DL data transmission with notification
Option 2: DL data transmission after the UE notification (after identifying the UE location at cell level)
In option 2, NW initiates notification in RNA. The notification message could assign the radio resources for the UE response, such as a reserved preamble for notification response. After UE response in a specific cell, the NW could transmit DL data only in the cell where the UE is located. If the UE accesses a new gNB, the anchor gNB can provide the data with notification message or the new gNB can fetch the DL data when it receives the UE response. The corresponding procedure is shown in Figure 2.
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Figure 2 DL data transmission after notification
Option 1 requires the transmission of DL data in every cell within the RNA while the DL data is transmitted only in the cell where the UE is located according to Option 2. Option 1 uses more radio resources compared to Option 2. 

Option 1 may result in slightly low data transmission latency than Option 2. However when compared to the magnitude of paging DRX cycle, the latency added from the transmission of response message may not contribute significantly to over all latency of the data transmission.

Another point is that the UE location is identified prior to the data transmission in Option 2. This is similar to the case where the DL data reception in corresponding to the UL small data transmission (category 1). Therefore, we think Option 2 should be investigated for DL data reception while in inactive state. 

Proposal 3:  Option 2: DL data transmission after the UE notification (after identifying the UE location at cell level) is more radio efficient. Hence Option2 should be further study for the small data transmission in DL.
To guarantee transmission reliability, feedback mechanism is needed. Since feedback mechanism in physical layer hasn’t been decided yet, the considerations in this contribution are some examples to verify the feasibility of feedback in inactive state.
Two possible feedback mechanisms to consider for DL data are: 
· Use of specific UL sequence: such as preamble allocated in notification message could be used as ACK for DL data.
· L1 feedback mechanism (e.g. HARQ) can be used if UE is UL synchronized to the network.
Proposal 4: Feedback mechanisms should be studied for DL small data transmission in inactive state.
UE configuration is stored at the UE when moving to the inactive state. This would allow for fast transition to the connected state. However, which DRB to be used for the transmission of the small data while in inactive state should be discussed. Also whether the required QoS should be satisfied for the small data transmission in inactive state should be discussed. 

One option is to use the DRB corresponding to the data transmission. For the data transmission in inactive state, the transmitter resumes the DRB configuration based on the stored UE context for the corresponding data flow, and assembles L2 PDU including the DRB identity (such as LCID). The receiver resumes the DRB configuration while received data, and disassembles the data according to DRB identity. 

Another option is to use a default DRB for small data transmission and reception. The default DRB is configured by the gNB and maintained at the UE and gNB for small data transmission while in inactive state. All the small data transmitted/received over the default DRB would have the same QoS treatment. Considering it is small burst data, we think the QoS offered by the default DRB is sufficient. 

Proposal 5: RAN2 is requested to discuss the possibility of maintaining a default DRB for data reception/transmission while in inactive state.
3. Conclusion

In this contribution, the feasibility and reliability of small data transmission in the inactive state are discussed. And we propose that:

Proposal 1:  Both DL data reception categories; Category 1- DL data transmission corresponding to the UL transmission and Category 2- small data arrival for mobile terminating call should be investigated for DL data reception while in inactive state. 

Proposal 2:  DL small data transmission in inactive state could be used for burst small data. The UE is informed when to transit to connected state for DL data reception by the RAN. 
Proposal 3:  Option 2: DL data transmission after the UE notification (after identifying the UE location at cell level) is more radio efficient. Hence Option2 should be further study for the small data transmission in DL.
Proposal 4: Feedback mechanisms should be studied for DL small data transmission in inactive state.

Proposal 5: RAN2 is requested to discuss the possibility of maintaining a default DRB for data reception/transmission while in inactive state.
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