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In RAN2#111e meeting, the subsequent transmission of small data in Inactive was agreed to be supported with following agreements:
Agreements 
9	UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10	When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  
In this contribution, we discuss the aspects that need to be considered for subsequent data transmission as well as the potential impacts. 
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General Procedure
The general procedure of subsequent data transmission is illustrated in Figure 1.  The intention of subsequent data transmission is to support flexible UL traffic volumes as well as potential DL application response in SDT. Therefore, the UL data can be segmented into several parts and delivered by multiple shots of transmission.  As a consequence of multiple shots of transmission, the duration of the UE in INACTIVE performing SDT will be prolonged. 

Figure 1 Subsequent data transmission
Observation 1: Supporting multiple UL and DL packets without transitioning to RRC_CONNECTED implies:
· UL segmentation is supported for SDT;
· The duration of the UE in INACTIVE performing SDT is prolonged. 
Even the SDT duration in INACTIVE is prolonged, it is desired that the SDT duration is as short as possible and the number of transmission shots is minimized. Otherwise, UE needs to perform CONNECTED-like behaviour in INACTIVE, e.g. SRS or CSI measurement/feedback for dynamic scheduling, support mobility without packet loss. In this case, it’s easier to transfer the UE to CONNECTED state. 
Proposal 1: The number of UL/DL packets following UL SDT in INACTIVE should be minimized. 
SDT subsequent transmission should take both the above two aspects, i.e. support of UL segmentation and prolonged SDT procedure into consideration.  
Enable subsequent transmission in INACTIVE
In order to enable subsequent data transmission in INACTIVE, following aspects need to be considered. 
BSR
In RAN2#112e meeting, it was agreed that LCP can be used to determine what contents will be included in the first UL message, including CCCH message, DRB data from one or more DRBs configured with SDT and MAC CEs and padding bits. 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.
Considering the subsequent 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 2: UE in INACTIVE performing subsequent data transmission can trigger and report BSR when there is new data arriving. 
Proposal 2: BSR should be enabled in INACTIVE. The network can rely on the BSR to schedule the subsequent data transmission and decide whether to move UE to CONNECTED. 
HARQ process
If the UL payload is segmented and transmitted by multiple MAC PDUs, multiple HARQ processes 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 subsequent data transmission in INACTIVE. 
DRX
If the subsequent data 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 subsequent transmission in INACTIVE should be considered.
Proposal 3: RAN2 discuss whether to support multiple HARQ processes and C-DRX like operation in INACTIVE for subsequent data transmission. 
Beam management
For CG-based SDT, assuming UE is stationary or quasi-stationary, beam management may not be needed considering the stable channel environment. If UE losses the beam alignment in the rare case, UE can do some kind of fallback mechanism, e.g. fallback to RA-based SDT or normal RRC connection resume procedure, which is FFS. 
For RA-based SDT, even the beam alignment is achieved after successful RA procedure, it’s possible that the beam pair used for data transfer between the UE and network needs to be changed due to the channel variation as well as UE movement. If beam management is not supported, the UE losses the beam alignment and the on-going SDT can’t be successfully completed, which results in data losses. 
However, it is not intended to increase UE power consumption for more measurement to support the subsequent data transmission in INACTIVE. UE measurement and power consumption should be considered if beam management is desired for SDT. Need of beam management should be discussed in RAN1. 
Observation 5: Beam management in INACTIVE may be needed since the beam pair used for data transfer between the UE and network may change due to the channel variation as well as UE movement. 
Other PHY procedures
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 in INACTIVE. RA procedure is performed with open-loop power control in INACTIVE. How to enable subsequent data transmission by physical layer procedures need to be discussed by RAN1. 
Observation 6: Dynamic scheduling of the subsequent data in INACTIVE may require SRS transmission and CSI measurement/report. 
Proposal 4: Send LS to RAN1 to evaluate the need of beam management, SRS, CSI measurement/report for subsequent data transmission in INACTIVE. 


Conclusion
For the subsequent transmission of small data in UL and DL, we have following observations:
Observation 1: Supporting multiple UL and DL packets without transitioning to RRC_CONNECTED implies:
· UL segmentation is supported for SDT;
· The duration of the UE in INACTIVE performing SDT is prolonged. 
Observation 2: UE in INACTIVE performing subsequent data transmission can trigger and report BSR when there is new data arriving. 
Observation 3: UE monitors PDCCH addressed to C-RNTI and performs multiple HARQ processes to enable subsequent data transmission in INACTIVE. 
Observation 4: The DRX configuration in INACTIVE is not proper for data transmission/reception. How to perform DRX operation for subsequent transmission in INACTIVE should be considered.
Observation 5: Beam management in INACTIVE may be needed since the beam pair used for data transfer between the UE and network may change due to the channel variation as well as UE movement. 
Observation 6: Dynamic scheduling of the subsequent data in INACTIVE may require SRS transmission and CSI measurement/report. 
We propose:
Proposal 1: The number of UL/DL packets following UL SDT in INACTIVE should be minimized. 
Proposal 2: BSR should be enabled in INACTIVE. The network can rely on the BSR to schedule the subsequent data transmission and decide whether to move UE to CONNECTED. 
Proposal 3: RAN2 discuss whether to support multiple HARQ processes and C-DRX like operation in INACTIVE for subsequent data transmission. 
Proposal 4: Send LS to RAN1 to evaluate the need of beam management, SRS, CSI measurement/report for subsequent data transmission in INACTIVE. 
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