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1
Introduction

The Rel-17 small data enhancement WI had been approved and updated at RAN plenary #86 and #88 respectively, study work for which would be launched in this meeting. This paper tries to retrospect the previous discussion in the Rel-15 early NR SI phase, investigate the two types of solutions provided in the discussion and bring up some suggestion for the consequent work in Rel-17 stage.
2
Discussion
2.1
Baseline solutions
In the WID [1] of small data transmission in Inactive state, the following objective is proposed:
· For the RRC_INACTIVE state:

· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):

· General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]

· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 

· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]

Note 1: The security aspects of the above solutions should be checked with SA3

As we know, for the small data transmission in Inactive state, the scheme had been discussed during the early phase of NR SI, and then two different solutions were formulated, i.e. small data transmission without RRC signalling[2], as well as small data transmission with concurrent RRC signalling[3]. Finally, due to time limitation and the weak correlation between the use case of small data transmission and the eMBB and URLLC, which are the two highly prioritized scenarios studied in the first 5G NR release, thereby the solutions for small data transmission in Inactive state didn’t get further discussion, and the feature was not introduced in the Rel-15 and Rel-16 NR specification.
At present, we could resume the discussion and evaluation of small data transmission scheme for the above objective of the Rel-17 WID, focusing on the two solutions provided in the Rel-15 stage in order to avoid redundant work, and of course taking into account of the conclusion and consensus in the previous discussion.
Proposal 1:  The two solutions discussed in the Rel-15 stage could be the base of the Rel-17 normative work of this WI.
The two baseline solutions are:
· Solution 1: only UP data transmission without RRC signalling message
· Solution 2:  UP data transmission with concurrent RRC signalling message
Considering 2-step RACH WI had been completed in Rel-16 stage, the above two solutions could both utilize 4-step RACH and 2-step RACH, affecting these existing random access mechanisms. Since there is some difference on the message acknowledgement and UL grant assignment between 2-step and 4-step RA, hereby the impact should be analyzed and evaluated for the two types of RA procedures respectively.
Consequently, either of the above two baseline solutions could be differentiated according to the two types of RA procedure.

· Solution 1a: only UP data (both UL and DL) without RRC messages transmission during the 2-step RACH procedure
· Solution 1b: only UP data (both UL and DL) without RRC messages transmission during the 4-step RACH procedure
· Solution 2a: higher layer RRC procedure triggers 2-setp RACH, and then UP data (both UL and DL) with concurrent RRC messages transmission occurs during the 2-step RACH procedure
· Solution 2b: higher layer RRC procedure triggers 4-setp RACH, and then UP data (both UL and DL) with concurrent RRC messages transmission occurs during the 4-step RACH procedure
Proposal 2:  The impact on existing RA procedure of either the two baseline solutions could be evaluated for 2-step and 4-step RACH respectively.
2.2
Network handling scheme
The small data transmission scheme is not only related to the behaviour of the UE, also the handling mechanism in the network involved. It is noticed that the following objective is included in the WID to be achieved, 
“Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]”
This objective is correlated with two typical scenarios of UEs transmitting data, which are summarized as follows:
· Scenario A:  the UL data receiving gNB is the serving gNB before UE moving into INACTIVE state;
· Scenario B:  the UL data receiving gNB is NOT the serving gNB before UE moving into INACTIVE state;
In the scenario A, the gNB receiving the UL data from the UE is the anchor nodeB that stores the UE context and can directly transfer the data to the 5G core, without necessity of UE context acquirement and anchor relocation. 
On the contrary, in the scenario B, the gNB receiving the UL data need either fetch UE context from the previous serving gNB of the concerned UE before transferring data to CN, i.e. performing anchor relocation,  or transfer the data to the previous serving gNB (i.e. the anchor nodeB) and then to the CN. The former alternative may also demand path switch in the CN for the concerned UE. These handling in the nodeB and CN side is rather independent with the scheme of small data transmission over the air interface. As thus, RAN2 could first concentrate on Scenario A, i.e. the data destination gNB storing the UE context, and then further study the solution enhancement for the Scenario B taking the solution in Scenario A as the baseline.
Proposal 3:  The scenario A, i.e. the destination gNB of the UL data is the serving gNB before the UE entering into INACTIVE state, should be focused and researched at first, and then the solution for scenario B could be further studied on the basis of that for scenario A.
2.3
Open issues
During the discussion of small data transmission in NR SI phase, there were many issues not resolved, e.g. the UE identity, content of UE context, UL grant size, HARQ and RLC feedback etc. Nowadays, with the completion of Rel-15 and Rel-16 standardization, some issues have been solved, including the definition of UE ID, the content of UE context, and also the 2-step RACH message procedure. However, there are still quite a few open issues needed to be further discussed to conclude the final solution in Rel-17 stage.
Within the scope of small data enhancement Rel-17 WI, in our opinion the following open issues need to be solved:

· For the UL data transmission, when collision occurs on the physical channel how the network send downlink HARQ feedback?
· How to determine the UL grant size for the data transmission in the RA message?

· If DL data arrives at the network, whether to trigger paging to make the UE resume its connection to receive/transmit data? Whether is it possible that the UE receives DL data while maintaining in the INACTIVE state?

· How the UE determine whether or not to utilize the small data transmission scheme to send data, and according to what criteria?

· How the network determine whether to let the UE move into CONNECTED state or keep it in INACTIVE state when it knows the UE has data to send, and based on what condition?
Proposal 4:  These above open issues should be discussed in RAN2 to finalize the small data transmission scheme in INACTIVE state with or without RRC signalling messages.
3 Conclusion
In this paper, we retrospect the discussion on the small data transmission in INACTIVE state during the Rel-15 SI stage, and give our opinion for the incoming study work in Rel-17 stage. Then considering two possible scenarios for UE data transmission in INACITVE state, e.g. with or without anchor nodeB relocation, the working suggestion for the two cases is proposed. Further, the remaining open issues for the baseline solutions are provided for further discussion in this WI.
The proposals are provided in this paper as below:
Proposal 1:  The two solutions discussed in the Rel-15 stage could be the base of the Rel-17 normative work of this WI.
Proposal 2:  The impact on existing RA procedure of either the two baseline solutions could be evaluated for 2-step and 4-step RACH respectively.
Proposal 3:  The scenario A, i.e. the destination gNB of the UL data is the serving gNB before the UE entering into INACTIVE state, should be focused and researched at first, and then the solution for scenario B could be further studied on the basis of that for scenario A.
Proposal 4:  These above open issues should be discussed in RAN2 to finalize the small data transmission scheme in INACTIVE state with or without RRC signalling messages.
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