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1
Introduction

A Release 17 new WI on small data transmission from RRC_INACTIVE was approved [1]. RAN3 related objectives are listed as below, 

· 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]

· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
RAN2 has started discussion on the small data transmission (SDT) in INACTIVE state a few meetings ago and sent a LS to RAN3 [2]. This paper discuss the RACH based SDT with or without anchor re-location based on the information provided in RAN2 LS.
2 Discussion
RAN2 agreements listed in the LS is quoted as below, 
------------------------------------------------------quoted from RAN2 LS-----------------------------------------------------------
Agreements:

· Context fetch and data forwarding with anchor re-location and without anchor re-location will be considered. (RAN2 #111e)

· From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG). (RAN2 #111e)

· The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell (RAN2 #112e).

· UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported (RAN2 #111e).

· 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.  (RAN2 #111e).

· For both RACH and CG based solutions, new keys are generated using the stored security context and the NCC value received in the previous RRCRelease message (i.e. same as legacy procedure) and these new keys are used for generating the data of DRBs that are configured for SDT (RAN2 #112e).

· SDT can be initiated by the UE in RRC INACTIVE state either in the same cell/gNB where the UE received RRC Release with suspend configuration, or in case of RACH based SDT, in another cell/gNB if the UE have reselected to a different cell whilst in INACTIVE state. In addition, RAN2 also agreed that the first UL message (i.e. MSG3 for 4-step RACH and MSGA for 2-step RACH) may contain DRB data from one or more DRBs which are configured by the network for SDT. 

· The RLC configuration used for the SDT DRB data will be based on a UE stored configuration. RAN2 assumption is that the RLC PDU will be processed in the receiving gNB. 

· RAN2 would also like to clarify that the UE can also send or receive subsequent packets to/from the network without transitioning to RRC CONNECTED state.
------------------------------------------------------------------------------------------------------------------------------------------------

From the LS, RAN2 has confirmed context fetch and data forwarding with anchor re-location and without anchor re-location will be considered. The RACH based MDT is supported not only in the last serving cell/gNB but also supported when the UE moves to new serving gNB/cell either with anchor re-location or without anchor re-location. But for CG based solution, the configuration of configured grant resource for UE small data transmission is valid only in the same serving cell, so anchor relocation will not be considered.
Obervation 1: CG based solution can only be applied to the SDT initiated by the UE in RRC INACTIVE state in the same cell/gNB.
Obervation 2: Only RACH based solution is considered for SDT with and without anchor relocation discussion.
Based on these observations, in the following sections, we analyses the RACH based SDT with and without anchor re-location. For simplicity, we take 4-step RACH procedure as example.
2.1
Decision on anchor relocation decision
Before digging into the detailed solution of RACH based SDT with and without anchor re-location, the first question needs to answer is which node, the receiving gNB or the anchor gNB to make the decision of anchor relocation or not. In rel-15/Rel-16, when the receiving gNB receives the RRC resume request message from the UE which includes the cause value, e.g., MO data or RNA update, it will trigger the UE context retrieval request message to the anchor gNB. The anchor gNB makes the decision not to relocate the UE context by sending the UE context retrieval failure message or to relocate the UE context by sending the UE context retrieval response message. The same principle could be also applied for RACH based SDT transmission.

Proposal 1: Following the same principle as Rel-15/Rel-16, the anchor gNB makes the decision on the anchor relocation.
To help the anchor gNB to make efficient decision, except for the cause value, some additional assistence information could be added in the UE context retrieval request message. The assistance information could be whether SDT is with subsequent data or the potential UE buffer status. 
Proposal 2: Assistance information from receiving gNB to anchor gNB is needed to assist the anchor to make the proper decision.
2.3
RACH based SDT with anchor relocation

The procedure for RACH based SDT with anchor relocation is showed in Figure 1. 
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Figure 1 RACH based SDT with anchor relocation
It can be seen that the procedure is quite similar as the legacy procedure for RNA update procedure with UE context relocation in TS 38.300.
The main difference is UL data is carried simultaneous with the RRCConnectionResumeRequest message and assistance information could be included in the RETRIEVAL UE CONTEXT REQUEST message to assist the anchor gNB to make decision on whether to perform anchor relocation.
Proposal 3: for RACH based SDT with anchor relocation, legacy procedure can be reused with some enhancement.
2.4
RACH based SDT without anchor relocation

In Rel-15, for the case UE is still within the configured RNA and the anchor gNB decides not to relocate the UE context and keep UE in RRC_INACIVE, RETRIEVAL UE CONTEXT FAILURE massage which carries the RRCRelease message is used. For RACH based SDT without anchor relocation, similar procedure as Periodic RNA update procedure without UE context relocation can be adopted.
It was agreed in RAN2 that the stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism. Basically, two solutions exist depending on the type of data to be transmitted from receiving gNB to anchor gNB.
Solution 1:
The procedure for RACH based SDT without anchor relocation solution 1 is showed in Figure 1. 
This solution assumes that the RLC configuration used for the SDT DRB data will be based on a UE stored configuration and the RLC PDU will be processed in the receiving gNB. So the RLC configuration needs to be transferred from the anchor gNB to the receiving gNB to restore the PDCP PDU. The PDCP entity is still help at the anchor gNB to decipher the PDCP PDU to get the UL data. Regarding how to transfer the RLC configuration and UL TNL address, there are three alternatives:
· Alternative 1: RLC configuration and UL TNL address are carried in the RETRIEVAL UE CONTEXT FAILURE message
· Alternative 2: RLC configuration is carried in the RETRIEVAL UE CONTEXT FAILURE message while UL TNL address is sending separately in the Xn-U address indication

· Alternative 3: RLC configuration and UL TNL address are carried in dedicated messages
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Figure 2 RACH based SDT without anchor relocation solution 1

Solution 2:
The procedure for RACH based SDT without anchor relocation solution 2 is showed in Figure 1. 
Considering that the UE context is in the anchor gNB, in this solution, the MAC PDU can be directly sent to the anchor gNB. The anchor gNB restore the UL data and send it to the core network.
Alternative 1: The UL MAC PDU is piggybacked in the RETRIEVAL UE CONTEXT REQUEST message

Alternative 2: The UL MAC PDU is transmitted over the GTP-U tunnel
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Figure 3 RACH based SDT without anchor relocation solution 1

Both solution 1 and solution 2 can work, and each of them has pros and cons. From the perspective of avoid the delay of RLC configuration transfer, the solution 2 is preferred. 
Proposal 4: For RACH based SDT without anchor relocation, the solution of forwarding MAC PDU from receiving gNB to the anchor gNB is preferred.
3 Conclusion
This paper discuss the RACH based SDT with or without anchor re-location based on the information provided in RAN2 LS. The following observations and proposals are made,
Obervation 1: CG based solution can only be applied to the SDT initiated by the UE in RRC INACTIVE state in the same cell/gNB.
Obervation 2: Only RACH based solution is considered for SDT with and without anchor relocation discussion.
Proposal 1: Following the same principle as Rel-15/Rel-16, the anchor gNB makes the decision on the anchor relocation.

Proposal 2: Assistance information from receiving gNB to anchor gNB is needed to assist the anchor to make the proper decision.

Proposal 3: for RACH based SDT with anchor relocation, legacy procedure can be reused with some enhancement.
Proposal 4: For RACH based SDT without anchor relocation, the solution of forwarding MAC PDU from receiving gNB to the anchor gNB is preferred.
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