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1. Introduction
In the last RAN3 #114 e-meeting, we have the following progress.
Endorse R3-216060 (Samsung) as CG-SDT BL CR to 38.473
CG-SDT query indication IE is provided to the gNB-DU in UE CONTEXT MODIFICATION REQUEST message to request the gNB-DU to provide the CG-SDT configuration.
CG-SDT resource configuration is provided to the gNB-CU in UE CONTEXT MODIFICATION RESPONSE message. 
When receiving RRCResumeRequest message for CG-SDT, the gNB-DU triggers the UL RRC Message Transfer procedure.
WA: Lower layer configuration for SDT DRBs, F1AP association, and F1 tunnel information are kept in gNB-DU when gNB-CU sends the UE to RRC_INACTIVE. 
FFS on whether to keep other information (e.g., C-RNTI) or maintain full UE context in gNB-DU.
WA: Once the UE initiates RRC Resume procedure from another cell, the gNB-CU shall indicate to the gNB-DU to release the assigned CG-SDT resource.
WA: New IE is included into the E1AP BEARER CONTEXT MODIFICATION REQUEST message to indicate resume or suspend operation for SDT bearers. 
FFS on details of this new IE. FFS on whether to reuse the existing IE. 
FFS on whether to use UE Context Setup procedure to exchange CG-SDT query indication and CG-SDT resource configuration.
FFS on whether to use the Initial UL RRC Message Transfer to send the CG-SDT resource configuration.
FFS on whether to exchange the updated tunnel information in UE context release procedure.
FFS on whether there is F1 impact to support the release of CG-SDT resource configuration due to TAT-SDT expiry.
FFS on whether the gNB-DU reconfigures or releases the old CG-SDT resource configuration via the new UE associated logical F1 connection in case of CG-SDT fallback to RA-SDT or non-SDT, and if yes, how to resolve it.
For CG-SDT, whether to include SDT indication and SDT assistant information in F1AP message and whether to include that access happened using CG SDT.
FFS on whether gNB-DU should be aware of which bearers are SDT bearers.
FFS on how to indicate that CG-SDT configuration should be kept in gNB-DU.
To be continued...

This paper tries to address the above open issues based on the agreements.
2. Discussion
2.1. Partial Leftover issues
2.1.1. Which information stored in gNB-DU for CG-SDT
	WA: Lower layer configuration for SDT DRBs, F1AP association, and F1 tunnel information are kept in gNB-DU when gNB-CU sends the UE to RRC_INACTIVE. 
FFS on whether to keep other information (e.g., C-RNTI) or maintain full UE context in gNB-DU.


When UE in RRC inactive and configured CG-SDT resource, decides to use CG-SDT for UL data transmission, it can send UL SDT data via the configured CG-SDT resource.
In case of CG-SDT, same as the non-SDT data, UE sends SDT data scrambled by C-RNTI as normal non-SDT UL data, and the gNB descrambles them by stored C-RNTI. So, for split gNB, the gNB-DU shall also store the C-RNTI to descramble the ULSDT data.
Proposal 1: Change the “WA: Lower layer configuration for SDT DRBs, F1AP association, and F1 tunnel information are kept in gNB-DU when gNB-CU sends the UE to RRC_INACTIVE” into agreement.
Proposal 2: The gNB-DU shall store the C-RNTI for CG-SDT.
2.1.2. Which F1AP procedure to exchange CG-SDT resource configuration
	CG-SDT query indication IE is provided to the gNB-DU in UE CONTEXT MODIFICATION REQUEST message to request the gNB-DU to provide the CG-SDT configuration.
CG-SDT resource configuration is provided to the gNB-CU in UE CONTEXT MODIFICATION RESPONSE message. 
FFS on whether to use UE Context Setup procedure to exchange CG-SDT query indication and CG-SDT resource configuration.



According to RAN2 progress, when UE into RRC_inactive, the gNB sends RRCRelease messag to UE and decide to either configure or not configure CG-SDT by the presence of “”IE included in this RRC message. It means that the gNB-CU shall send the latest CG-SDT configuration to UE. So, the F1AP: UE context Setup procedure is not suitable.
Proposal 3: UE Context Setup procedure is not used to exchange CG-SDT resource configuration.
2.1.3. Whether gNB shall be aware which bearers are SDT bearers
 FFS on whether gNB-DU should be aware of which bearers are SDT bearers.
According to the RAN2 progress, the UE shall be aware of which bearers as SDT bearers. 
In case of CG-SDT, the gNB-DU shall store the SDT bearer information accordingly. Then, when the gNB-DU receives the RRCResumeRequest message and UL SDT data via CG-SDT method, it can forwards the both SRB and DRB to the gNB-CU directly.
In case of RA-SDT, when receiving RRCResumeRequest message and UL SDT data via RA-SDT method, the gNB-CU always needs to setup F1AP connection and forward UE RLC configuration to the gNB-DU, it seems that the gNB-DU can be not aware of SDT bearers.
Proposal 4: The gNB-DU shall be aware of SDT bearer for CG-SDT. 
2.1.4. How to indicate CG-SDT configuration to be kept in gNB-DU
FFS on how to indicate that CG-SDT configuration should be kept in gNB-DU.
Currently, when gNB-CU decides to let UE into RRC_inactive mode, the gNB-CU will send UE context release command message including RRCRelease message, then the gNB-DU will transfer the embedded RRCRelease message to UE and release F1 tunnels and UE RLC context within gNB-DU. If CG resource are configured successfully, the gNB and UE behavior shall be enhanced for support of SDT in INACTIVE state as below.
The gNB-CU shall:
· Notify gNB-DU to keep SDT RLC config and store CG resource for SDT when UE entering RRC inactive.
· Send RRC release message including CG resource for SDT to UE.
The gNB-DU shall:
· Keep SDT RLC config and store CG resource for SDT when UE entering RRC inactive.
Then UE shall:
· Store UE context and configured CG resource.
Proposal 5: gNB-CU initiated UE Context Release procedure is enhanced to indicate CG-SDT configuration, a new IE “CG-SDT indicator” is introduced in the UE Context Release Command message. When the gNB-DU receives this IE, it shall keep SDT related F1 tunnels, store CG-SDT resources and C-RNTI.
2.1.5. How to fallback CG-SDT to RA-SDT
	WA: Once the UE initiates RRC Resume procedure from another cell, the gNB-CU shall indicate to the gNB-DU to release the assigned CG-SDT resource.
FFS on whether the gNB-DU reconfigures or releases the old CG-SDT resource configuration via the new UE associated logical F1 connection in case of CG-SDT fallback to RA-SDT or non-SDT, and if yes, how to resolve it.



In case of CG-SDT configured, gNB-DU shall store CG-SDT resources, SDT related F1 tunnels and C-RNTI. 
When UE decides to initiate RA-SDT procedure in the same cell, the gNB-DU shall send Initial UL RRC Message Transfer message including RRCResumeRequest to gNB-CU, the gNB-CU checks UE’s IRNTI then query the stored CG-SDT related F1AP association and F1 tunnel information of this UE. 
In this case, the gNB-CU does not need to establish new F1AP association and release the stored F1AP association by UE Context Setup procedure, it shall use reuse the store F1AP association for this UE.
Proposal 6: During RA-SDT procedure, if in the same cell and CG-SDT configured, the gNB-CU shall notify gNB-DU to use the stored F1 tunnels for SDT data transmission.
2.2. Other issues
2.2.1. Whether gNB-DU or gNB-CU to buffer UL SDT data before UE verification successful
When receiving RRCResumeRequest message for CG-SDT, the gNB-DU triggers the UL RRC Message Transfer procedure.
For RA-SDT, the gNB-DU sends Initial UL RRC Message Transfer message including RRCResume to gNB-CU and buffers UL SDT data. After UE verified successfully, the gNB-CU initiates UE context setup procedure with gNB-DU, then gNB-DU starts to forward UL SDT data.
For CG-SDT, if the gNB-DU forwards UL SDT data directly (i.e., before UE verified successful) to the gNB-CU via the stored SDT related F1 connection and UE context. However, the gNB-CU (gNB-CU-UP) needs to buffer the UL data and to discard it if UE verified fail.
For CG-SDT, in another way, if the gNB-DU buffers UL SDT data until UE verification successful (i.e., similar to RA-SDT), the gNB-CU shall send F1AP message including UE verification result to gNB-DU. In this case, an enhanced F1AP procedure (e.g., UE context modification procedure) or a new F1Ap procedure shall be used.
Proposal 7: RAN3 shall shall decide either the gNB-DU or gNB-CU (gNB-CU-UP) buffers the UL SDT data before UE verification successful.
Proposal 7.1: If agreed that gNB-DU buffers the UL SDT data, gNB-CU (gNB-CU-CP) shall notify gNB-DU of UE verification result by F1AP message.
2.2.2. Whether gNB-CU shall be aware of CG-SDT resource validity
Currently, RAN2 has agreed to introduce CG-SDT specific TAT (i.e., TAT-SDT), as below.
	The following CG-SDT configurations are per UE:
· The new TA timer in RRC_INACTIVE
· The RSRP change threshold for TA validation mechanism in SDT
· The SSB RSRP threshold for beam selectio



If TAT-SDT is configured and stored in both UE and gNB-DU, when TAT-SDT is expired, both UE and gNB-DU shall release CG-SDT resource. However, it is not clear whether gNB-CU shall be aware of CG-resource validity.
When CG-SDT is successfully confiuged for a certain UE, the gNB-CU shall keep SDT related F1 tunnels. If the TAT-SDT is expired then CG-SDT resource is invalidity, the SDT related F1tunnels is still allowed to be used for SDT procedure. 
In this case, UE triggers RA-SDT procedure due to TAT-SDT expired, the gNB-CU notifies gNB-DU to use stored F1-C and F1-U tunnel for SDT SRB and DRB transmission.
Proposal 8: The gNB-CU does not need to be aware of CG-SDT resource validity.
3. Conclusion
Based on the above, RAN3 is requested to discuss and agree on the following proposals:
Proposal 1: Change the “WA: Lower layer configuration for SDT DRBs, F1AP association, and F1 tunnel information are kept in gNB-DU when gNB-CU sends the UE to RRC_INACTIVE” into agreement.
Proposal 2: The gNB-DU shall store the C-RNTI for CG-SDT.
Proposal 3: UE Context Setup procedure is not used to exchange CG-SDT resource configuration.
Proposal 4: The gNB-DU shall be aware of SDT bearer for CG-SDT, and can be unaware of SDT bearer for RA-SDT.
Proposal 5: gNB-CU initiated UE Context Release procedure is enhanced to indicate CG-SDT configuration, a new IE “CG-SDT indicator” is introduced in the UE Context Release Command message. When the gNB-DU receives this IE, it shall keep SDT related F1 tunnels, store CG-SDT resources and C-RNTI.
Proposal 6: During RA-SDT procedure, if in the same cell and CG-SDT configured, the gNB-CU shall notify gNB-DU to use the stored F1 tunnels for SDT data transmission.
Proposal 7: RAN3 shall shall decide either the gNB-DU or gNB-CU (gNB-CU-UP) buffers the UL SDT data before UE verification successful.
Proposal 7.1: If agreed that gNB-DU buffers the UL SDT data, gNB-CU (gNB-CU-CP) shall notify gNB-DU of UE verification result by F1AP message.
Proposal 8: The gNB-CU does not need to be aware of CG-SDT resource validity.

4. TP for CG-SDT BLCR to TS 38.401

8.x	Overall procedure for Small Data Transmission during RRC Inactive

8.x.2	CG based SDT
The procedure for CG based small data transmission in RRC Inactive is shown in Figure 8.x.2-1.


Figure 8.x.2-1: CG based Small Data Transmission in RRC Inactive state. 
1.	The gNB-CU decides to change UE into RRC_INACTIVE state.
2/3.	The gNB-CU-CP decides to configure CG-SDT, it initiates F1AP UE CONTEXT MODIFICATION procedure to acquire CG-SDT lower layer configuration (e.g., “sdt-MAC-PHY-Config” container IE defined in RAN2).
4. 	The gNB-CU-CP sends UE CONTEXT RELEASE COMMAND message to gNB-DU, including RRCRelease message. The CG-SDT configuration (e.g., “sdt-Config-r17” container IE defined in RAN2) is included in RRCRelease message to UE and CG-SDT lower layer configuration (e.g., “sdt-MAC-PHY-Config” container IE defined in RAN2) in UE CONTEXT RELEASE COMMAND message to gNB-DU.
5. 	The gNB-DU sends UE CONTEXT RELEASE COMPLETE message.
6. 	The gNB-DU sends RRCRelease message to UE.
After a period of time UE in RRC_inactive mode
7.	The UE decides to perform CG based SDT procdure, it sends RRCResumeRequest message together with UL small data/UL NAS PDU.
8.	The gNB-DU buffers the UL small data/UL NAS PDU.
9.	The gNB-DU sends UL RRC MESSAGE TRANSFER message including RRCResumeRequest message.
10/11.	The gNB-CU-CP initiates F1AP UE CONTEXT MODIFICATION procedure if verification pass.
12/13.	The gNB-CU-CP initiates E1AP BEARER CONTEXT MODIFICATION procedure to resume SDT DRB.

5. Annex
[bookmark: _Toc60776816][bookmark: _Toc68014756]5.3.8.3	Reception of the RRCRelease by the UE
The UE shall:
1>	if the RRCRelease includes suspendConfig:
2>	apply the received suspendConfig;
2> if the suspendConfig includes sdt-Config:
3>	for each of the DRB included in the sdt-DRBList:
4> consider the DRB to be configured for SDT;
3> if sdt-SRB2Indication is included: 
4> consider that SRB2 is configured for SDT;
3> for each of the RLC bearers with the servedRadioBearer configured for SDT:
4> re-establish the RLC entity as specified in TS 38.322 [4];
Editor’s Note: SDT configuration is assumed to be part of the suspendConfig – details and the actual names of the IEs are TBD. Also, TBD whether SDT configuration is considered as part of UE Inactive AS Context
Editor’s Note: In order to ensure no old data in RLC upon resume, the reestablishment of RLC bearers is moved to the release part (this is still FFS). However, companies are invited to comment on this and see if this is acceptable.

SuspendConfig ::=                   SEQUENCE {
    fullI-RNTI                          I-RNTI-Value,
    shortI-RNTI                         ShortI-RNTI-Value,
    ran-PagingCycle                     PagingCycle,
    ran-NotificationAreaInfo            RAN-NotificationAreaInfo                                            OPTIONAL,   -- Need M
    t380                                PeriodicRNAU-TimerValue                                             OPTIONAL,   -- Need R
    nextHopChainingCount                NextHopChainingCount,
    ...,
    [[
    -- SDT specific configuration
    sdt-Config-r17                       SDT-Config-r17                                                       OPTIONAL,   -- Need R
    ]]
}

PeriodicRNAU-TimerValue ::=         ENUMERATED { min5, min10, min20, min30, min60, min120, min360, min720}


CellReselectionPriorities ::=       SEQUENCE {
    freqPriorityListEUTRA               FreqPriorityListEUTRA                                               OPTIONAL,       -- Need M
    freqPriorityListNR                  FreqPriorityListNR                                                  OPTIONAL,       -- Need M
    t320                                ENUMERATED {min5, min10, min20, min30, min60, min120, min180, spare1} OPTIONAL,     -- Need R
    ...
}

PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}

FreqPriorityListEUTRA ::=           SEQUENCE (SIZE (1..maxFreq)) OF FreqPriorityEUTRA

FreqPriorityListNR ::=              SEQUENCE (SIZE (1..maxFreq)) OF FreqPriorityNR

FreqPriorityEUTRA ::=               SEQUENCE {
    carrierFreq                         ARFCN-ValueEUTRA,
    cellReselectionPriority             CellReselectionPriority,
    cellReselectionSubPriority          CellReselectionSubPriority                                          OPTIONAL        -- Need R
}

FreqPriorityNR ::=                  SEQUENCE {
    carrierFreq                         ARFCN-ValueNR,
    cellReselectionPriority             CellReselectionPriority,
    cellReselectionSubPriority          CellReselectionSubPriority                                          OPTIONAL        -- Need R
}

RAN-NotificationAreaInfo ::=        CHOICE {
    cellList                            PLMN-RAN-AreaCellList,
    ran-AreaConfigList                  PLMN-RAN-AreaConfigList,
    ...
}

PLMN-RAN-AreaCellList ::=           SEQUENCE (SIZE (1.. maxPLMNIdentities)) OF PLMN-RAN-AreaCell

PLMN-RAN-AreaCell ::=               SEQUENCE {
    plmn-Identity                       PLMN-Identity                                                       OPTIONAL,   -- Need S
    ran-AreaCells                       SEQUENCE (SIZE (1..32)) OF  CellIdentity
}

PLMN-RAN-AreaConfigList ::=         SEQUENCE (SIZE (1..maxPLMNIdentities)) OF PLMN-RAN-AreaConfig

PLMN-RAN-AreaConfig ::=             SEQUENCE {
    plmn-Identity                       PLMN-Identity                                                       OPTIONAL,   -- Need S
    ran-Area                            SEQUENCE (SIZE (1..16)) OF  RAN-AreaConfig
}

RAN-AreaConfig ::=                  SEQUENCE {
    trackingAreaCode                    TrackingAreaCode,
    ran-AreaCodeList                    SEQUENCE (SIZE (1..32)) OF  RAN-AreaCode                            OPTIONAL    -- Need R
}

SDT-Config-r17 ::=                   SEQUENCE {
    sdt-DRB-List                     SEQUENCE (SIZE (1..maxDRB)) OF DRB-Identity                             OPTIONAL,   -- Need S
    sdt-SRB2-Indication              ENUMERATED {allowed}                                                    OPTIONAL,   -- Need R
    sdt-MAC-PHY-Config               OCTET STRING {CONTAINING SDT-MACPHY-Config}                             OPTIONAL,   -- Need R
    sdt-DRB-ContinueROHC             ENUMERATED { cell, rna }                                                OPTIONAL    -- Need R
    sdt-DataVolumeThreshold          FFS                                                                     OPTIONAL    -- Need R
}

SDT-MAC-PHY-Config ::=       SEQUENCE {
    -- CG-SDT specific configuration
    -- FFS on BSR configuration (e.g. i.e. for the FFS on the logicalChannelSR-DelayTimer)
	-- FFS on delta signalling (We need to clarify how this works, for instance, whether initial BWP dedicated can be considered as baseline to enable delta configuration or not etc). 

    cg-SDT-Config-Initial-BWP-NUL       SetupRelease {BWP-Uplink-Dedicated-SDT}                         OPTIONAL,   -- Need M
    cg-SDT-Config-Initial-BWP-SUL       SetupRelease {BWP-Uplink-Dedicated-SDT}                         OPTIONAL,   -- Need M
    cg-SDT-Config-Initial-BWP-DL        BWP-Downlink-Dedicated-SDT                                      OPTIONAL,   -- Need M
    cg-SDT-timeAlignmentTimer           TimeAlignmentTimer                                              OPTIONAL,   -- Need N
    cg-TA-ValidityThresholdSSB          RSRP-Range                                                      OPTIONAL,   -- Need R
    cg-nrofSS-BlocksToAverage           INTEGER (1.. maxRS-IndexCellQual-r15)                           OPTIONAL,   -- Need R
    ...
}

-- TAG-RRCRELEASE-STOP
-- ASN1STOP


	SDT-Config field descriptions

	sdt-DRB-List
Indicates the ID(s) of the DRB(s) that are configured for SDT.

	sdt-SRB2-Indication
Indiates whether SRB2 is configured for SDT or not. 

	sdt-DRB-ContinueROHC
Indicates whether the PDCP entity for the radio bearers configured for SDT, during SDT operation continues or resets the ROHC header compression protocol during PDCP re-establishment, as specified in TS 38.323 [5]. Value cell indicates that ROHC header compression continues when the UE resumes in the same cell as the cell in which the previous RRCRelease message is received. Value rna indicates that ROHC header compression continues when the UE resumes in a cell belonging to the same RNA as the cell in which the previous RRCRelease message is received.

	sdt-DataVolumeThreshold
Data volume threshold used to determine whether SDT can be initiated, as specified in TS 38.321 [3].



The UE is allowed to initiate subsequent UL data transmission only after the reception of confirmation of initial transmission from the gNB

After the initial PUSCH transmission during the SDT procedure, subsequent transmissions are handled differently depending on the type of resource used to initiate the SDT procedure:	Comment by Samsung (Anil Agiwal): Add the following at the beginning of this para:

“The initial PUSCH transmission during the SDT procedure at least includes the CCCH message.”



RAN2#112e agreement:
The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message):
-	CCCH message (needs to be included)

-	When using CG resources, the network can schedule subsequent UL transmissions using dynamic grants or they can take place on the following CG resource occasions. The DL transmissions are scheduled using dynamic assignments. The UE can initiate subsequent UL transmission only after reception of confirmation for the initial PUSCH transmission from the network.
-	When using RACH resources, the network can schedule subsequent UL and DL transmissions using dynamic UL grants and DL assignments, respectively, after the completion of the RA procedure.
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