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1. Introduction
In the last meeting, new NR UE state was introduced. We call the new NR UE state as “inactive state” in this contribution. Small data transmission in inactive state was discussed in the email discussion [95#28]. In this contribution, we analyze the feasibility and reliability of small data transmission in inactive state.
2. Assumptions

Before discussing small data transmission, we clarify the assumptions used in inactive state.
1. RNA

RNA is a RAN Notification Area including multiple cells. One or several gNBs could be included in a RNA. RAN notifies UE within its RNA while data arrival. In a RNA, there is an anchor gNB which maintains UE context. While UE moving from a RNA to another, UE performs RNA update procedure.
2. Inactive UE ID
In inactive state, a UE ID named inactive UE ID is used to identify UE uniquely within a RNA. The usages of inactive UE ID include: 1) NW notifies UE an inactive UE ID within RNA; 2) UE resumes RRC connection with the inactive UE ID; 3) UE transmits small data in inactive state with the inactive UE ID, etc.
3. Issues of small data transmission
3.1. When to enter connected state

Inactive state is used for UE power saving and reduction of the signaling overhead while achieving low latency for data transmission. We discuss when the UE should enter connected state for data transmission. We think data transmission in inactive state is more applicable to burst small data. If the data in buffer can’t be accommodated in one transport block, or there are consecutive service data to be transmitted, it’s better for UE to transit to connected state and perform data transmission in connected state.
In DL, NR gNB knows service information and data amount. Then the NR gNB can decide whether UE entering connected state or small data transmission in inactive state. While DL data arrival, the NR gNB could notify UE entering connected state, or transmit small data to UE directly based on NR gNB decision.
In UL, UE knows service information and data in buffer. The UEs in inactive state could be provided with information to decide on when to transmit small data while in inactive state. The network can provide the necessary information/ rule to the UE. Depending on the amount of buffer size and the network provided rules, the UE could request to enter connected state, or transmit small data to NR gNB in inactive state.
Proposal 1:  Small data transmission in inactive state could be used for burst small data. The UE is provided with the necessary information to make the decision on when to transmit small data while in inactive state.
3.2. The procedure of data transmission in inactive state
This section analyzes possible procedures of data transmission in inactive state. 
Small data transmission in inactive state for UL:
There are two options for UL small data transmission in inactive state.
Option 1: Grant-free transmission in synchronous or asynchronous
There are many alternatives of grant-free transmission discussed for NR. Non-orthogonal multiple access mechanism and contention-based transmission are considered in RAN1 for grant-free transmission schemes. Below figure doesn’t restrict the procedure in any specific grant-free mechanism.
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Figure 1 UL data transmission via grant-free resource
Option 2: Small data transmission via granted resource (without state transition) after gaining UL synchronisation to the network
In this option, UE transmits RA preamble to obtain UL synchronisation  to the network. TA is provided in RAR. In the illustration in Figure 2, an UL grant for the data transmission is also provided in RAR. The UE transmits small data on the UL resources granted in RAR. 
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Figure 2 UL data transmission after UL TA acquisition
Proposal 2:  Data transmission using grant-free channel (option1) and data transmission using granted resources after gaining UL synchronization (option 2) should be considered for small data transmission while in inactive state (without state transmission). 
Small data reception in inactive state for DL:
There are two types of small data reception to be considered. 

Type 1: The DL data corresponding to the UL data transmission. 

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

In the first case, the UE has already transmitted UL data therefore the network is aware of the UE location and the UE context. The network can deliver the DL data to the UE using inactive UE ID as the UE identification while in inactive state. From the UE perspective, the UE should be monitoring for the possible DL data arrival for a short period after the UL data transmission. 

In the second case, the network is not aware of the UE location. First, the network needs to notify the UE using RAN based notification mechanism which is transmitted in the RNA. There are two possibilities for the DL data delivery for DL data arrivals. 

Option 1: Notification with DL 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 3.
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Figure 3 DL data transmission with notification
Option 2: DL data transmission after notification
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. The dedicated preamble for notification response can be reused. 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 4.
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Figure 4 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 cell where the UE is located according to Option 2. Option 1 uses more radio resources compared to option 2. 

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. Therefore, we think Option 2 should be investigated for DL data reception while in inactive state. 

Proposal 3: Both DL data reception corresponding to the UL transmission (Type 1) and small data arrival for mobile terminating call (Type 2) should be investigated for DL data reception while in inactive state. 

3.3. Feedback mechanism
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.
Feedback to UL data

MAC acknowledgment including inactive UE ID could be used for both grant-free and granted UL transmission. There are two usages of the MAC layer feedback: 1) ACK for data, and 2) confirmation of the UE identity.
Feedback to DL data:
Two examples of feedback to DL data are: 
· 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 small data transmission in inactive state.
3.4. DRB resumption
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.
4. Conclusion

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

Proposal 1:  Small data transmission in inactive state could be used for burst small data. The UE is provided with the necessary information to make the decision on when to transmit small data while in inactive state.
Proposal 2:  Data transmission using grant-free channel (option1) and data transmission using granted resources after gaining UL synchronization (option 2) should be considered for small data transmission while in inactive state (without state transmission).
Proposal 3: Both DL data reception corresponding to the UL transmission (Type 1) and small data arrival for mobile terminating call (Type 2) should be investigated for DL data reception while in inactive state.
Proposal 4: Feedback mechanisms should be studied for 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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