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1. Introduction
A WI on small data transmission from RRC_INACTIVE was approved [1]. Based on the WI, RAN3 needs to specify the general procedures for the small data transmission in INACTIVE state with anchor re-location and without anchor re-location.
	· 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 discussed the small data transmission (SDT) in INACTIVE state and an LS [2] is sent to RAN3. This paper discuss the RACH based SDT with or without anchor re-location based on the information provided in RAN2 LS.
2. Discussion
2.1 RAN2 LS 
RAN2 highlights the following related agreements reached so far in RAN2 in the LS [2].
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).
Besides these agreements, the following information is also provided:
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.
Based on the RAN2 inputs, it is understood that the CG based SDT is only supported in the last serving cell in which the CG configuration was provided. The RACH based SDT is not only supported in the last serving cell, but also supported when the UE moves to new serving gNB/cell either with anchor re-location or without anchor re-location. The new key and the stored UE RLC context is used for the SDT. In addition, the multiple UL and DL packets transmission is allowed for one SDT.  
Observation 1: The CG based SDT in supported in the last serving cell in which the CG configuration was provided. 
Observation 2: The RACH based SDT is supported not only in the last serving cell, but also be supported when the UE moves to new serving gNB/cell either with anchor re-location or without anchor re-location. 
Observation 3: The new key and stored UE RLC context is used for the SDT. 
Observation 4: Multiple UL and DL packets is transmission is allowed for one SDT.
Based on these observations and the RAN3 objective, in the following sub sections, we analyses the RACH based SDT with anchor re-location and without anchor re-location.
2.1 Anchor Relocation Decision

In Rel-15, the RNA update with or without context relocation over RRC_INACTIVE is supported. The anchor relocation decision by the last serving gNB. The last serving gNB determines that UE is still within the configured RNA in case of period RNA update, the last serving gNB may decide to not perform anchor relocation. 
To support RACH based SDT with anchor re-location and without anchor re-location, it is needed to discuss which node to make the decision of the anchor relocation.
Considering that the last serving gNB have the UE context, it is preferred to reuse the Rel-15 principle that the last serving gNB make anchor relocation decision. The new gNB can provide assistant information (e.g. ResumeCasue with mo-Data, the available data volume like the current or the potential UE buffer status, etc) to the last serving gNB. If the data volume is small and the configured RNA are does not change, the last serving gNB may decide to not perform anchor relocation and ask the new gNB to forward data by providing UL data forwarding address information. Otherwise, the last serving gNB will not provide the UL forwarding address and will trigger anchor relocation. 
Proposal 1: The last serving gNB makes the anchor relocation decision, by taking the assistance information (details FFS) from the new gNB into account.
2.2 RACH based SDT with anchor relocation

For the RACH based SDT with anchor relocation, the new gNB first buffers the received data received together with the RCConnectionResumeRequest message from the UE, triggers the Retrieve UE Context procedure towards the anchor gNB (i.e. the last serving gNB), and then the new gNB processes the DRB data based on the received UE context from the last seving gNB. After path switch procedure, the new gNB becomes the anchor gNB for this UE, it will then deliver the received UL data to the UPF, and deliver the received DL data (if any) to the UE. 

A general procedure for RACH based SDT with anchor relocation is showed in Figure 1. 
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Figure 1: general procedure for RA-based schemes with anchor relocation

Proposal 2: Support RACH based SDT with anchor relocation by Retrieve UE context procedure successful operation and Path Switch procedure.
Proposal 3: The assistance information provided in RETRIEVE UE CONTEXT REQUEST is FFS.
2.3 RACH based SDT without anchor relocation

The RACH based SDT without anchor relocation can avoid the frequent Path switch procedures if UE moves frequently among gNBs. In this case the new gNB can forward the small data to the anchor gNB (i.e. last serving gNB), then the anchor gNB deciphers the data and send to the UPF. 
As the new key and stored UE RLC context is used, a key question is: which kind of PDU to be forwarded to the last serving gNB, PDCP PDU or MAC PDU? 
Option 1: forward PDCP PDU via DRB level data forwarding tunnel
Currently during mobility, both PDU session level data forwarding tunnel and DRB level data forwarding tunnel could be established over Xn interface.

In RAN2 LS [2], it is said that 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. Therefore the last serving gNB needs to provide the stored RLC configuration, together with DRB level data forwarding UL TNL information to the new gNB, and then the new gNB forwards the UL PDCP PDU towards the last serving gNB.
To achieve the DL data forwarding from last serving gNB, the new gNB can send XN-U ADDRESS INDICATION message to provide DRB level data forwarding DL TNL information to the last serving gNB.

As DRB level data forwarding tunnel is used in this option, the multiple UL or DL data packets transmission in a SDT can be supported by default.

The general procedure is showed in the Figure 2.
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Figure 2: PDCP PDU forwarding procedure without anchor relocation
Editor’s Note: for step 3, it is FFS whether it is supported by RETRIEVE UE CONTEXT RESPONSE or RETRIEVE UE CONTEXT FAILURE message.
Option 2: piggyback MAC PDU in the XnAP Messages
In this option, the small data is piggybacked in the RETRIEVE UE CONTEXT REQUEST/ RETRIEVE UE CONTEXT FAILURE messages.
Considering that the UE context is in the anchor gNB, the MAC PDU can be directly sent to the anchor non-split CU-DU gNB. It can avoid the data forwarding delay caused by the RLC context fetching and DRB level data forwarding tunnel establishment. However in the split CU-DU case, the MAC PDU is transported via New gNB DU->New gNB-CU->Anchor-gNB-CU-> Anchor-gNB-DU-> Anchor-gNB-CU as showed in the Figure 3. 
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Figure 3: MAC PDU forwarding in case of split CU-DU case
The general procedure is showed in the Figure 4.
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Figure 4: MAC PDU forwarding procedure without anchor relocation
We observe that this option is more efficient for the one shot SDT without the additional RLC context fetching and DRB level data forwarding tunnel establishment in the non-split CU-DU case. However, it is quite inefficient in split CU-DU case. On the other hand, in case of multiple UL and DL data SDT, multiple UE Context Retrieval procedures may need to be triggered, which is complex and inefficient from signalling point of view.

Considering the pros and cons of these two approaches, it is preferred to adopt the option 1 “forward PDCP PDU via DRB level data forwarding tunnel” to support the RACH based SDT without anchor relocation 
Proposal 4: Support RACH based SDT without anchor relocation by forwarding PDCP PDU via DRB level data forwarding tunnel.
Proposal 5: Support RACH based SDT without anchor relocation by providing the RLC configuration, DRB Level data forwarding UL TNL Information and RRCRelease from the last serving gNB to the new gNB, it is FFS whether the RETRIEVE UE CONTEXT FAILURE message or the RETRIEVE UE CONTEXT RESPONSE message should be used.
Proposal 6: Support DL data forwarding in case of RACH based SDT without anchor relocation, by reusing XN-U ADDRESS INDICATION message to provide the DRB Level data forwarding DL TNL Information.
3. Proposals
Based on the discussion in this paper, we have the following observations for the group to discuss, and some proposals were provided.
Observation 1: The CG based SDT in supported in the last serving cell in which the CG configuration was provided. 
Observation 2: The RACH based SDT is supported not only in the last serving cell, but also be supported when the UE moves to new serving gNB/cell either with anchor re-location or without anchor re-location. 
Observation 3: The new key and stored UE RLC context is used for the SDT. 
Observation 4: Multiple UL and DL packets is transmission is allowed for one SDT.
Proposal 1: The last serving gNB makes the anchor relocation decision, by taking the assistance information (details FFS) from the new gNB into account.
Proposal 2: Support RACH based SDT with anchor relocation by Retrieve UE context procedure successful operation and Path Switch procedure.
Proposal 3: The assistance information provided in RETRIEVE UE CONTEXT REQUEST is FFS.
Proposal 4: Support RACH based SDT without anchor relocation by forwarding PDCP PDU via DRB level data forwarding tunnel.
Proposal 5: Support RACH based SDT without anchor relocation by providing the RLC configuration, DRB Level data forwarding UL TNL Information and RRCRelease from the last serving gNB to the new gNB, it is FFS whether the RETRIEVE UE CONTEXT FAILURE message or the RETRIEVE UE CONTEXT RESPONSE message should be used.
Proposal 6: Support DL data forwarding in case of RACH based SDT without anchor relocation, by reusing XN-U ADDRESS INDICATION message to provide the DRB Level data forwarding DL TNL Information.
Based on the proposal, we propose to send a reply LS to RAN2 confirm that the last serving gNB provides the stored RLC context to the new gNB, the new gNB process the RLC PDU both for the SDT with anchor relocation and without anchor relocation cases, and to support the RACH based SDT without anchor relocation, the PDCP PDU will be forward via DRB level data forwarding tunnel from new gNB to the last serving gNB. The corresponding Draft LS is provided in [4].
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