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A work item to support small data transmission in INACTIVE state was approved at RAN#86. According to the WID [1], it is said:
“Transmission of small data in UL, subsequent transmission of small data in UL and DL and the state transition decisions should be under network control.”  
It is unclear how to support subsequent data transmission of small data in UL and DL. In this contribution, we clarify the subsequent transmission of small data and discuss the potential impacts to support it. 
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Clarification
According to the WID, both smartphone and non-smartphone applications are considered. 
· Smartphone applications: 
· Traffic from Instant Messaging services (whatsapp, QQ, wechat  etc)
· Heart-beat/keep-alive traffic from IM/email clients and other apps
· Push notifications from various applications
· Non-smartphone applications:
· Traffic from wearables (periodic positioning information etc)
· sensors (Industrial Wireless Sensor Networks transmitting temperature, pressure readings periodically or in an event triggered manner etc)
· smart meters and smart meter networks sending periodic meter readings
The traffic pattern and payload size vary a lot for the above applications. The payload sizes varies from several bytes to thousands of bytes. For the UL small data, it is possible that MsgA/Msg3 or the pre-configured PUSCH resource can’t accommodate all the UL data available for transmission and there may be new data arriving. The remaining data will be delivered through the subsequent transmission.  Furthermore, DL data transmission, e.g. acknowledge from the application may follow the UL data transmission. Therefore, the subsequent transmission of small data in UL and DL mainly considers the following two cases:
1. Remaining UL data after the first shot of UL transmission;
2. DL data transmission following the UL data transmission. 
Observation 1: For the small data applications, the total UL data may not be completed in one shot UL transmission and the DL data may arrive after the UL data transmission.
Proposal 1: The subsequent transmission of small data in UL and DL considers the remaining UL data and the following DL data from the application. 
One shot or multiple shots
If the first UL grant (i.e. UL grant for Msg3/MsgA or the pre-configured PUSCH resource) is not large enough to accommodate all the UL data, BSR will be multiplexed first and sent to the network since it has high priority than other DTCH logical channels. Therefore, the network can rely on the BSR to schedule the subsequent data transmission. 
Observation 2: BSR is sent by the UE and the network can rely on it to schedule the subsequent data transmission. 
There are two methods to support the subsequent transmission of small data in UL and DL, just as illustrated in Figure 1.
· One-shot transmission in INACTIVE: UE transfers to CONNECTED state to perform the subsequent data transmission;
· Multiple-shots transmission in INACTIVE: UE stays in INACTIVE state and continues the subsequent data transmission. 


Figure 1 One-shot and multiple-shots transmission in INACTIVE
Enable multiple-shots transmission in INACTIVE
In order to enable multiple-shots transmission in INACTIVE, following aspects need to be considered. 
HARQ process
If the UL payload is segmented and transmitted by multiple MAC PDUs, multiple HARQ process will be performed in INACTIVE state. 
For RA-based scheme, the C-RNTI is set to the value of the temporary C-RNTI (4-step RA) or the value received in the successRAR (2-step RA) when contention is resolved. Therefore, the subsequent data transmission can rely on the dynamic scheduling. The UE monitors PDCCH addressed to C-RNTI for subsequent data transmission in INACTIVE.
For pre-configured PUSCH resource, it is assumed that the PUSCH resource is dedicated to the UE when UE stays in the same cell. Therefore, C-RNTI of the UE is still valid if the UE can utilize the pre-configured PUSCH resource for data transmission. The subsequent data transmission can rely on both dynamic scheduling and the pre-configured PUSCH resources if they are available. 
Observation 3: UE monitors PDCCH addressed to C-RNTI and performs multiple HARQ processes to enable multiple-shots data transmission in INACTIVE. 
DRX
If the multiple shots transmission is dynamically scheduled, UE needs to monitor PDCCH for both new transmission and HARQ retransmission in INACTIVE. However, the DRX configuration in INACTIVE is for paging reception, which has long cycle and is not proper for data transmission/reception. On the other hand, UE power consumption is concerned if UE monitors PDCCH continuously without any DRX operation. It is questionable how to apply the DRX configuration and perform DRX operation for UE power saving in INACTIVE. 
Observation 4: The DRX configuration in INACTIVE is not proper for data transmission/reception. How to perform DRX operation for multiple-shots data transmission in INACTIVE should be considered.
Time Alignment
In order to enable the multiple-shots data transmission in INACTIVE, the UL time alignment should be maintained by both the UE and network in INACTIVE. The UL time alignment procedure may need to be performed for UE in INACTIVE. 
Observation 5: The UL time alignment should be maintained to enable multiple-shots data transmission in INACTIVE. 
BSR
Considering the multiple-shots transmission may be performed for a while, it’s possible that there is new data arriving, which can be from different DRBs. In this case, it is desired that BSR can be triggered and reported to the network, which can decide whether to move the UE to CONNECTED for the upcoming traffics. 
Observation 6: BSR should be triggered and reported in INACTIVE, based on which the network can decide to move UE to CONNECTED when needed.
Other physical layer operation
In CONNECTED, UE needs to transmit SRS and perform CSI measurement/report, based on which the network can schedule UL and DL resources respectively. Furthermore, close-loop power control is performed and UE adjusts the UL transmission power based on the TPC command given by the network. For multiple beam operation, beam management is also required. Currently, UE doesn’t need to perform CSI measurement and transmit SRS. RA procedure is performed with open-loop power control in INACTIVE. How to enable multiple-shots data transmission by physical layer procedures need to be discussed by RAN1. 
Observation 7: How to enable multiple-shots data transmission in INACTIVE by physical layer procedures e.g. beam management, CSI measurement, SRS transmission and power control need to be discussed by RAN1. 
Comparison
One-shot transmission in INACTIVE
For one-shot transmission in INACTIVE, the network will response RRCResume message and move UE to CONNECTED for subsequent data transmission if the total amount of UL data (w.r.t BSR) is large than the first UL grant (UL grant for Msg3/MsgA or the pre-configured PUSCH). After state transition to CONNECTED, UE can performs CSI measurement and report for precise scheduling. UE can also utilize C-DRX to save power. After data transmission completion, UE receives RRCRelease message and moves to INACTIVE state. 
One-shot transmission in INACTIVE has little spec impact and is flexible enough to support the different types of traffics with various payload size. However, the signaling overhead is the same as current mechanism.
Observation 8: One-shot transmission in INACTIVE has little spec impact but has no benefit in signaling overhead reduction compared with current mechanism. 
Multiple-shots transmission in INACTIVE
For multiple-shots transmission in INACTIVE, if the total amount of UL data (w.r.t BSR) is large than the first UL grant (UL grant for Msg3/MsgA or the pre-configured PUSCH), the network will not respond RRCResume message and continue data transmission/reception with the UE in INACTIVE state. After data transmission completion, UE receives RRCRelease message, which can be used to stop the multiple-shot data transmission/reception in INACTIVE. Compared with one-shot transmission in INACTIVE, UE state transition from INACTIVE to CONNECTED is avoided and the signaling overhead can be reduced. However, it will have more spec impacts, since some functions supported in CONNECTED may also be required in INACTIVE.
Observation 9: Multiple-shot transmission in INACTIVE can avoid RRC state transition and reduce the signaling overhead, but has more spec impact.  
	
	Cons
	Pros

	One-shot transmission
	No benefit in signaling overhead;
	Little spec impact;

	Multiple-shots transmission
	Some functions need to be supported in INACTIVE including HARQ, BSR, TA and DRX;
FFS on the need of CSI measurement/report, SRS, beam management and power control;
	Reduce signaling overhead and avoid UE state transition;


Proposal 2: RAN2 discuss whether to support one-shot or multiple-shots transmission for the subsequent transmission of small data in UL and DL. 


Conclusion
For the subsequent transmission of small data in UL and DL, we have following observations:
Observation 1: For the small data applications, the total UL data may not be completed in one shot UL transmission and the DL data may arrive after the UL data transmission.
Observation 2: BSR is sent by the UE and the network can rely on it to schedule the subsequent data transmission. 
Observation 3: UE monitors PDCCH addressed to C-RNTI and performs multiple HARQ processes to enable multiple-shots data transmission in INACTIVE. 
Observation 4: The DRX configuration in INACTIVE is not proper for data transmission/reception. How to perform DRX operation for multiple-shots data transmission in INACTIVE should be considered.
Observation 5: The UL time alignment should be maintained to enable multiple-shots data transmission in INACTIVE. 
Observation 6: BSR should be triggered and reported in INACTIVE, based on which the network can decide to move UE to CONNECTED when needed.
Observation 7: How to enable multiple-shots data transmission in INACTIVE by physical layer procedures e.g. beam management, CSI measurement, SRS transmission and power control need to be discussed by RAN1. 
Observation 8: One-shot transmission in INACTIVE has little spec impact but has no benefit in signaling overhead reduction compared with current mechanism. 
Observation 9: Multiple-shot transmission in INACTIVE can avoid RRC state transition and reduce the signaling overhead, but has more spec impact.  
We propose:
Proposal 1: The subsequent transmission of small data in UL and DL considers the remaining UL data and the following DL data from the application. 
Proposal 2: RAN2 discuss whether to support one-shot or multiple-shots transmission for the subsequent transmission of small data in UL and DL. 
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