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1. Introduction
In RAN3#114-e meeting, it was agreed to use existing Retrieve UE Context procedure successful operation to support RACH based SDT with anchor relocation, there are also some progresses achieved for without anchor relocation case
	For CG based SDT, RAN3 will further discuss impacts and mainly consider split-gNB case.
Subsequent UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported for SDT
The existing Retrieve UE Context procedure can be reused for both with and without anchor relocation scenarios with possible enhancements. Details will be discussed later.
UL data for SDT is buffered at the receiving node in the successful context retrieval procedure. For other cases, the common understanding is that UL data may need to be buffered as well, details are pending.
The last serving gNB, i.e., anchor gNB, will be the decision maker on whether to relocate anchor or not. Assistance information provided by the receiving gNB may help on the decision. Details of assistance information are pending future discussion
For RA-SDT, “SDT Indicator” is introduced in RETRIEVE UE CONTEXT REQUEST message, and the message may include other SDT Assistance Information. 
For split CU/DU case, gNB-DU sends “SDT indicator”to gNB-CU in the INITIAL UL RRC MESSAGE TRANSFER message.
During SDT procedure, SRB PDCP PDU (FFS on the first SDT payload) shall be transferred between new gNB and anchor gNB, either via extending the XnAP RRC TRANSFER message or via defining a new XnAP class-2 procedure. 
For RA-SDT without anchor relocation case, SDT related UE context may be retrieved from anchor gNB to the receiving gNB. 
For RA-SDT without anchor relocation case, for SDT DRB transfer, its stage2 overall procedure shall enhance either legacy Periodic RNA update without UE context relocation procedure or legacy RNA update with UE context relocation procedure. For SDT SRB transfer is FFS. 
The receiving gNB forwards PDCP PDUs (RLC SDUs) via GTP-U tunnel per SDT DRB to the anchor gNB.
In case of no anchor relocation, the anchor gNB is not allowed to transfer its security related IEs included in “UE Context Information – Retrieve UE Context Response” IE to the receiving gNB. (refer to SA3 LS: R2-2109065)
SDT related RLC bearer configuration for SDT DRB/SRB should be transferred from anchor gNB to the receiving gNB. How to include those information is FFS. 
Enhance RNA update without UE context relocation procedure for RA-SDT without anchor relocation case
FFS: How to transfer SDT SRB PDCP PDU
Extending the XnAP: RRC TRANSFER message or defining a new XnAP class-2 procedure.
Carrying the first SRB PDCP PDU in the RETRIEVE UE CONTEXT REQUEST message?
FFS: The detail information included in SDT related RLC bearer configuration to be transferred from anchor gNB to receiving gNB in case of SDT without anchor relocation.
FFS: If agreed to enhance Periodic RNA update without UE context relocation procedure, whether it is acceptable to use the Retrieve UE context failure message to send SDT related UE context information
FFS: whether to allow optional transport of first DRB payload in the RETRIEVE UE CONTEXT REQUEST message.


In this document we analyses how to support RACH based SDT without anchor relocation, and provide the corresponding TPs to RA-SDT BLCRs to TS38.300 and TS 38.420.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 How to provide SDT related UE Context Information?
It was agreed that “In case of no anchor relocation, the anchor gNB is not allowed to transfer its security related IEs included in “UE Context Information – Retrieve UE Context Response” IE to the receiving gNB”, therefore if the RETRIEVE UE CONTEXT RESPONSE message is used, the last serving gNB should provide fake information in the corresponding security related mandatory IEs in the UE Context Information – Retrieve UE Context Response IE, this is a special handling by the last serving gNB. Considering that in without anchor relocation case, the SDT related context is still needed to be transferred, and in order to setup the corresponding GTP-U tunnels, the XnAP association should be established, using a successful response message seems to be a better choice.
But in last RAN3 meeting, many companies show their preference of using the RETRIEVE UE CONTEXT FAILURE message, therefore an agreement was achieved as “Enhance RNA update without UE context relocation procedure for RA-SDT without anchor relocation case”, there were three mentioned alternatives of using failure message:



        
Solution 1									Solution 2									 Solution3
Figure 1, 3 mentioned solutions of using Failure message
In solution 1, the Retrieve UE Context Failure message will be used to provide SDT context, and establish the XnAP UE association to be used in the following messages. 
In solution 2, the Xn-U Address Indication procedure is extended to provide SDT context, and establish the XnAP UE association, and provide the DL data forwarding proposal. In case DL data forwarding is proposed, the receiving gNB will send another Xn-U Address Indication to the last serving gNB to provide DL data.
In solution 3, a new class 1 procedure is added, and the request message provides the SDT UE context, the UL address, and the response message provides DL data.
Considering that the DL data forwarding should be optional, the receiving gNB only needs to provide DL data forwarding address when the last serving gNB proposes to do it, there could be another alternative to support RA-SDT without anchor relocation case, i.e. solution 4 shown in Figure below:
[image: ]
Solution 4
Figure 2, new class 2 procedure to provide SDT context
In solution 4, a new class 2 procedure is introduced, and the last serving gNB provides the SDT context, the UL TNL information and the DL data forwarding proposal to the receiving gNB via the SDT CONTEXT TRANSFER message, and in the meanwhile establishes the XnAP UE association. In case DL forwarding is proposed, the receiving gNB sends XN-U ADDRESS INDICATION message to provide the SDT DRB level DL data forwarding address. 
Comparing with solution 1, 2 and 3, solution 4 has less impacts to the existing procedures and reuse existing procedures as much as possible. It is better to adopt it to support without anchor relocation case. 
Note that in solution 2, 3, and 4, upon sending/receiving the Retrieve UE Context Failure message, the last serving gNB /the receiving gNB will release the established XnAP UE association.
Proposal 1: Introduce a new class 2 procedure: SDT Context Transfer to provide SDT context, UL TNL address, DL data forwarding proposal, and establish the XnAP UE association.
Proposal 2: in case the XnAP UE association is established, upon sending/receiving the Retrieve UE Context Failure message, the last serving gNB /the receiving gNB release the established XnAP UE association.
2.2 XnAP: RRC TRANSFER message or new XnAP class2 procedure?
It was agreed in last meeting that during SDT procedure, SRB PDCP PDU shall be transferred between new gNB and anchor gNB, either via extending the XnAP: RRC TRANSFER message or via defining a new XnAP class-2 procedure. (FFS on the first SDT payload).
Considering that except the UE XnAP ID pair, all the other IEs in the existing RRC TRANSFER message are optional, it is preferred to extend this message to be used for SDT instead of create a new Class2 procedure with a new message.
Proposal 3: Reuse existing XnAP: RRC TRANSFER message to carry SRB PDCP PDU between the receiving gNB and the last serving gNB.
	[bookmark: _Toc20955211][bookmark: _Toc29991406][bookmark: _Toc36555806][bookmark: _Toc44497516][bookmark: _Toc45107904][bookmark: _Toc45901524][bookmark: _Toc51850603][bookmark: _Toc56693606][bookmark: _Toc64447149][bookmark: _Toc66286643][bookmark: _Toc74151338][bookmark: _Toc81321946]9.1.2.20	RRC TRANSFER
This message is sent by the M-NG-RAN-NODE to the S-NG-RAN-NODE to transfer an RRC message or from the S-NG-RAN-NODE to the M-NG-RAN-NODE to report the DL RRC message delivery status.
This message is sent by the old NG-RAN-NODE to the new NG-RAN-NODE or from the new NG-RAN-NODE to the old NG-RAN-NODE to transfer an RRC message for the NAS SDT.
Direction: M-NG-RAN node  S-NG-RAN node or S-NG-RAN node  M-NG-RAN node (Dual Connection).
Direction: old NG-RAN node  new NG-RAN node or new NG-RAN node  old NG-RAN node (Small data transmission).
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	M-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the M-NG-RAN node
	YES
	reject

	S-NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the S-NG-RAN node
	YES
	reject

	//skip the unchanged optional IEs
	

	SDT via SRB2 between old NG-RAN node and new NG-RAN node(FFS)
	
	0..1
	
	
	YES
	Ignore

	>RRC Container
	M
	
	OCTET STRING
	For SDT without anchor relocation, includes the UL-DCCH-Message containing the ULInformationTransfer message or the DL-DCCH-Message containing the DLInformationTransfer.
Message as defined in subclause 6.2.1 of TS 38.331 [10].
	–
	-





2.3 First SDT DRB/SRB payload in the RETRIEVE UE CONTEXT REQUEST message？
In last meeting, it was agreed to forward PDCP PDUs for SDT SRB and DRB from receiving gNB to the last serving gNB, but FFS for the first SDT payload.
Considering that before receiving the SDT/full context, the receiving gNB is not able to proceed the received packet at RLC layer, and the receiving gNB is not able to know whether anchor relocation will happen or not, the receiving gNB has to buffer the data even if the data is piggybacked in the RETRIEVE UE CONTEXT REQUEST message.

[image: ]
[image: ]
Figure 3, UL data handling in case first pack carried by Retrieve UE Context Request
As shown in Figure 3, in case of without anchor relocation, the red arrow line shows the first payload itinerary, the last serving gNB-DU is unnecessarily involved, e.g. for the first SDT DRB, the last serving gNB-CU-CP will need to forward the received RLC PDU towards the last serving gNB-DU, and the last serving gNB-DU will proceed the packet and send PDCP PDU towards the last serving gNB-CU-UP, which is quite a complex and unexpected handling.
Proposal 4: In case of without anchor relocation, forward all the SDT DRB/SRB packets as PDCP PDU.
2.4 Assistant information
[bookmark: OLE_LINK321][bookmark: OLE_LINK345]Besides the SDT indication, the last serving gNB will make decision to relocate the UE context not based on other assistant information:
(1) RRC Resume Cause
Currently the RRC Resume Cause IE is defined as ENUMERATED (rna-Update, ...), and limited to the case of RNA update. Considering that the RACH based SDT supports data delivery via DRB and via SRB (NAS PDU for Positioning), it is better to inform such difference to the last serving gNB, it may be needed to extend the RRC Resume Cause IE to include mo-data and mo-signalling.
· May extend RRC Resume Cause IE to include mo-data and mo-signalling, to be used in case of SDT.
(2) Single or multiple packets
It should be useful for the last serving gNB to know whether the UE has only one packet or multiple packets to be transmitted, and then makes the decision on with or without anchor relocation, e.g. if the number of UL packets to be transmitted are less, there is a larger possibility that the last serving gNB will anchor the SDT session using without anchor relocation procedure. Whether and how the new gNB gets such information is up to RAN2 discussion, e.g. via BSR, RAI.
· Add single or multiple packets indication, pending to RAN2
(3) Buffered Data size at new gNB
The new gNB may also provide the buffered data size to the last serving gNB in the assistance information, especially in case of multiple packets, it could be used by the last serving gNB to estimate the data volume of the consequent packets.
· Provide buffered data size.
Proposal 5: in the XnAP: RETRIEVE UE CONTEXT REQUEST message, it is needed to:
· extend RRC Resume Cause IE to include mo-data and mo-signalling
· add single or multiple packets indication, pending to RAN2
· provide buffered data size
· available data volume from UE
Apart from the initial SDT stage, we consider if the data volume of the SDT RB become quite larger during the SDT procedure, it’d better timely end the SDT session from point of transmission efficiency. 
· In case of last serving gNB CU-DU split and without moving out of the last serving gNB, when the last serving gNB-DU receives the BSR MAC CE with large available data volume, it can notify this whole data volume in the BSR to the last serving gNB-CU if the whole data volume is higher than a threshold, so that the CU can make decision to send RRCResume message to the UE. The detailed volume can be added as additional UL assistant information in the ASSISTANCE INFORMATION DATA (PDU Type 2).
· In case of SDT with data forwarding between last serving gNB and new serving gNB, when the new serving gNB receives the BSR MAC CE with large data volume, it can also notify the data volume to the last serving gNB via the additional UL assistant information in the ASSISTANCE INFORMATION DATA (PDU Type 2), so that the last serving gNB can make decision to end the current SDT session by sending the RRCRelease message to the UE. 
Additionally during the ongoing SDT procedure, empty BSR MAC CE may be received as an indication from the UE that there is no more UL data to be transmitted. In this case the SDT procedure can be terminated timely by sending RRC Release message to the UE  
· In case gNB CU-DU split when the last serving gNB-DU receives a BSR MAC CE with Buffer Size field set to 0, it can notify this to the last serving gNB-CU via the additional UL assistant information in the ASSISTANCE INFORMATION DATA (PDU Type 2) so that CU can make decision to end the current SDT session by sending the RRCRelease message to the UE.
· [bookmark: _GoBack]In case of SDT with data forwarding between last serving gNB and new serving gNB, when the new serving gNB receives a BSR MAC CE with Buffer Size field set to 0, it can also notify the data volume to the last serving gNB via the additional UL assistant information in the ASSISTANCE INFORMATION DATA (PDU Type 2), so that the last serving gNB can make decision to end the current SDT session by sending the RRCRelease message to the UE.
Proposal 6: Add available data volume from UE in the NR UP: ASSISTANCE INFORMATION DATA (PDU Type 2).
2.5 The detailed SDT related UE context 
In case of SDT without anchor relocation, the new serving gNB needs to retrieve at least the SDT RLC bearer configuration both SDT SRB and DRB and UL tunnel address of SDT DRB from the last serving gNB and sends DL tunnel address of SDT DRB to the last serving gNB.
In case the new serving gNB is CU-DU split architecture, the gNB-CU should initiates the F1AP: UE Context Setup procedure for the SDT. We observed that there are several IEs are Mandatory IEs which has to be provided from the gNB-CU to the gNB-DU in the F1 AP UE CONTEXT SETUP REQUEST message, i.e. DRB QoS IE, S-NSSAI IE, RLC Mode IE and PDCP SN Length IE. These IEs are probably not needed in the SDT access by the new serving gNB ,but the new serving gNB has to retrieve them from the last serving gNB in order to resue existing F1AP signaling, therefore, it is needed to include those IEs in the SDT Context.
The SDT Context to be provided from the Last Serving gNB to the new Serving gNB is shown in the table below:
	RLC Bearer Configuration
	M
	
	OCTET STRING
	includes the RLC-BearerConfig IE as defined in subclause 6.3.2 of TS 38.331 [10]
	YES
	ignore

	SDT DRBs To Be Setup List
	
	1
	
	
	Yes
	ignore

	> SDT DRBs To Be Setup Item
	
	1..<maxnoofDRBs>
	
	
	-
	-

	>>DRB ID
	M
	
	9.2.3.33
	
	-
	-

	>>DRB QoS
	M
	
	QoS Flow Level QoS Parameters
9.2.3.5
	
	-
	-

	>>S-NSSAI
	M
	
	9.2.3.21
	
	-
	-

	>>RLC Mode
	M
	
	9.2.3.28
	
	-
	-

	>>PDCP SN Length
	M
	
	9.2.3.63
	
	-
	-

	>>UL Xn UP TNL Information
	M
	
	UP Transport Layer Information 9.2.3.30
	
	-
	-

	>>DL Forwarding
	O
	
	DL Forwarding 9.2.3.34
	
	-
	-



Proposal 7: The detail information of SDT Context to be provided from the Last Serving gNB to the New Serving gNB include the following information:
· SRB and DRB RLC Bearer Configuration (RLC-BearerConfig IE defined in TS 38.331)
· List of  SDT DRB
· DRB ID
· UL TNL address
· DL Forwarding proposal
· DRB QoS, S-NSSAI, RLC Mode and PDCP SN Length
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, for RACH based SDT without anchor relocation, we propose the following:
[bookmark: _Toc423020280]Proposal 1: Introduce a new class 2 procedure: SDT Context Transfer to provide SDT context, UL TNL address, DL data forwarding proposal, and establish the XnAP UE association.
Proposal 2: in case the XnAP UE association is established, upon sending/receiving the Retrieve UE Context Failure message, the last serving gNB /the receiving gNB release the established XnAP UE association.
Proposal 3: Reuse existing XnAP: RRC TRANSFER message to carry SRB PDCP PDU between the receiving gNB and the last serving gNB.
Proposal 4: In case of without anchor relocation, forward all the SDT DRB/SRB packets as PDCP PDU.
Proposal 5: in the XnAP: RETRIEVE UE CONTEXT REQUEST message, it is needed to:
· extend RRC Resume Cause IE to include mo-data and mo-signalling
· add single or multiple packets indication, pending to RAN2
· provide buffered data size
· available data volume from UE
Proposal 6: Add available data volume from UE in the NR UP: ASSISTANCE INFORMATION DATA (PDU Type 2).

Proposal 7: The detail information of SDT Context to be provided from the Last Serving gNB to the New Serving gNB include the following information:
· SRB and DRB RLC Bearer Configuration (RLC-BearerConfig IE defined in TS 38.331)
· List of  SDT DRB
· DRB ID
· UL TNL address
· DL Forwarding proposal
· DRB QoS, S-NSSAI, RLC Mode and PDCP SN Length
The corresponding stage2 TPs to RACH based SDT BL CR TS 38.300 and TS 38.420 are provided in section 5 and 6. The corresponding stage3 TPs to TS 38.423 and 38.425 are provided in [3].
4. Reference
[1] R3-215000 (TPs to TS 38.300 38.473 38.401BL CRs) Support of RACH based SDT (Huawei)
[2] R3-216229 Summary of Offline Discussion on CB: # SDT1_RACHbased, ZTE (moderator)
[3] R3-220425 (TPs to RA-SDT BL CRs of TS 38.423, 38.425) RACH based SDT without anchor relocation, Huawei
5. TP to TS 38.300 BL CR
[bookmark: _Toc20388059][bookmark: _Toc29376139][bookmark: _Toc37232037][bookmark: _Toc46502114][bookmark: _Toc51971462][bookmark: _Toc52551445][bookmark: _Toc83657282]XX.3	RA-based SDT without UE context relocation

The overall procedure for RACH based small data transmission without UE context relocation is illustrated in the figure XX.3-1.


Figure XX.3-1. RA-based SDT without UE context relocation 
1.  The UE sends an RRCResumeRequest as well as UL SDT data and/or UL SDT signalling to the receiving gNB.
2.  	The receiving gNB locates the last serving gNB using the I-RNTI and retrieves the UE context by means of Xn-AP: Retrieve UE Context procedure. The receiving gNB indicates that the UE requested for SDT.
3.  The last serving gNB decides to not relocate UE context, and sends SDT CONTEXT TRANSFER message towards the receiving gNB, provide the SDT Context, DRB level data forwarding UL TNL information, and may also include the proposal for DL Data forwarding.
4.	In case the DL data forwarding is applicable, the receiving gNB sends XN-U ADDRESS INDICATION message towards the last serving gNB to provide the DRB level data forwarding DL TNL information.
5 ~ 8.	The receiving gNB processes the UL data packets by using the SDT context received in step 3, and forwards the PDCP PDUs of the SDR DRB/SRB towards the last serving gNB via per SDT DRB GTP-U tunnels/XnAP: RRC TRANSFER message, and then the last serving gNB proceeds the SDT DRB/SRB packets and sends to the UPF/AMF, and vice versa.
9.	After SDT transmission is completed, the last serving gNB sends RETRIEFVE UE CONTEXT FAILURE message towards the receiving gNB, including an encapsulated RRCRelease message. The RRCRelease message includes Suspend Indication.
10.	The gNB forwards the RRCRelease message to the UE.
5. TP to TS 38.420 BL CR
[bookmark: _Toc534717877][bookmark: _Toc45832911]5.2.2	UE mobility management functions
[bookmark: _Toc45832918]//skip unchanged part
5.2.2.7	Conditional Handover cancellation function
This function allows informing a source NG-RAN node that resources reserved for candidate target cell(s) during a conditional handover preparation are about to be released by the target NG-RAN node.
5.2.2.x	SDT Context Transfer function
The SDT Context Transfer function is used for the last serving NG-RAN node to provide the SDT Context to the receiving gNB.
[bookmark: _Toc534717893][bookmark: _Toc45832932]//skip unchanged part
[bookmark: _Toc534717895][bookmark: _Toc45832934]6.2.1	Mobility management procedures
The mobility management procedures are used to manage the UE mobility in Connected or RRC_Inactive modes:
-	Handover Preparation
-	Handover Cancel
-	SN Status Transfer
-	Retrieve UE Context
-	RAN Paging
-	Xn-U Address Indication
-	UE Context Release
-	Handover Success Indication
-	Conditional Handover Cancel
-	SDT Context Transfer
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