


[bookmark: _Toc18404533][bookmark: _Toc18413600][bookmark: _Toc18403966]3GPP TSG-RAN WG2 #114-e	R2-2105930
eMeeting, 19 - 27 May 2021
Agenda item:	   8.6.5
Source:	ZTE Corporation, Sanechips
[bookmark: OLE_LINK3]Title:	Open issues for CG based SDT 
Document for:	Discussion and Decision
1. Introduction
For the CG based small data transmission, the work item has the following objectives:
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
The intention of the contribution is to discuss the detailed solutions for CG based small data transmission.
2. CG based small data transmission
Stage 2 procedure for CG based SDT
Based on the agreement made in the previous meeting that “Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes”, similar as the RACH based SDT, one RRC message shall be included in the configured SDT CG resource once the CG based SDT initiated, and the following figure shows the overall procedure.


Figure x: Example of CG based SDT
Based on the procedure illustrated above, in case the UE determines to initiate CG based SDT:
· Step 1: UE should transmit RRC message through the CG resource. Besides the RRC message, the UE can include BSR and DRB data packet as well.
· Step 2: Once initial CG transmission is performed, the UE should monitor UE specific-RNTI for (subsequent) data transmission and retransmission. The DL transmission will be made based on dynamic scheduling addressed to UE specific RNTI, and UL transmission can be made by either dynamic grant addressed to UE specific RNTI or configured grant.
· Step 3: Once the RRC release message is received, the UE will stop the monitor of UE specific C-RNTI and enter normal INACTIVE state.
Based on the steps above, we propose to adopt the baseline of CG based SDT procedure as follow:
Proposal 1: The following procedure shall be taken as baseline for the CG based SDT.
· Step 1: UE transmits RRC message through the type 1 CG resource. Besides the RRC message, the UE can include MAC CE (e.g. BSR) and DRB data packet as well.
· Step 2: Once RRC message is transmitted, the UE should monitor UE specific-RNTI for (subsequent) data transmission and retransmission. The DL transmission will be based on the dynamic scheduling addressed to UE specific RNTI, and UL transmission can be made by either dynamic grant addressed to UE specific RNTI or the type 1 CG resource.
· Step 3: Once the RRC release message is received, the UE will stop monitoring UE specific RNTI and enter INACTIVE state.

RRC message used in the initial transmission through CG resource
One issue in step 1 is which RRC message shall be used in CG based SDT. In RACH based solution, it seems majority companies think RRCResumeRequest message can be reused. 
For CG based SDT, since configured grant type 1 will be used, UE specific DMRS can be configured, and the UE specific DMRS can be used to identify the UE. 
In addition, considering the CG resource will be reserved on NW side for the UE, the UE context will be maintained in both CU and DU. Also considering the CG based SDT is only applicable in the cell where UE enter INACTIVE state, and the UE can be identified by DMRS, it seems the SRB1 is still applicable when the SDT is initiated. With the SRB1, since the DCCH can be used to transmit the RRC message in CG based SDT, the RRC message can be security protected by the PDCP of SRB1 (i.e. integrity and ciphering can be performed in the PDCP of SRB1) and resumeMAC-I seems not needed in the RRC message.
So, for the RRC message used in CG based SDT, the following two alternatives can be considered:
· Alt1: Reuse the RRCResumeRequest message, in which case we can have a common RRC level procedure.
· Alt2: Define a new DCCH RRC message, in which case the I-RNTI and resumeMAC-I will not be included.
In general, both alternatives are feasible, and each solution has pros and cons. 
	
	Pros
	Cons

	Reuse RRCResumeRequest 
	Have a common RRC level procedure for both RACH based SDT and CG based SDT
Common security framework can be reused for SDT and non-SDT
	There will be slightly more overhead in the RRC message for CG based SDT.

	Define a new DCCH message
	Save the fields for I-RNTI and resumeMAC-I. PDCP of SRB1 can be used for the security protection.
	Different RRC procedure will be used for RACH based SDT and CG based SDT, thus extra complexity will be introduced in both implementation and standardization.
New security framework is needed 



Considering a common RRC procedure will save the complexity in both implementation and standardization, we prefer alternative 1. The RRC resume procedure will be applied to both RACH based SDT and CG based SDT, and the same timer based approach (e.g. T319 similar timer) should be applied
Proposal 2: The same RRC procedure (i.e. RRC resume) shall be used for both RACH based SDT and CG based SDT, and the same protection timer (e.g. T319 similar timer) shall be used as well.


RNTI monitored during SDT
For the step 2, one issue is which UE specific RNTI shall be monitored after the transmission of RRC message. In LTE PUR, the PUR-RNTI is introduced, and UE will monitor PUR-RNTI only during the LTE PUR procedure. However, the situation is different in NR SDT and LTE PUR. In LTE PUR, only one shot transmission is supported. However, in NR SDT, the subsequent data transmission can be supported and the following type of scheduling shall be considered:
· Dynamic scheduling for UL/DL new transmission and corresponding retransmission
· Dynamic scheduling for the retransmission of CG type 1
Since CG type 1 will be reused in CG based SDT, thus CS-RNTI should be used for the scheduling of retransmission for CG transmission according to current specs. Also considering C-RNTI will be stored in UE INACTIVE context anyway for the security key derivation, we think it is quite straight forward to use the C-RNTI for the dynamic scheduling of UL/DL new transmission and corresponding retransmission during SDT.
Proposal 3: Once RRC message is transmitted through CG type 1 resource, the UE should monitor at least the C-RNTI during SDT for the scheduling of new transmissions and retransmission of dynamic grant.

Autonomous retransmission for CG type 1
In Rel-16, two different schemes of autonomous retransmission method has been defined for CG in NR-U and URLLC accordingly. In NR-U, a CG-UCI is included to indicate the HARQ process ID, NDI and RVID of the transmission, and when CG is configured, gNB can feedback HARQ-ACK for UL transmission by CG-DFI.
In CG based SDT, in case the first UL CG transmission is made on UE side, the UE has no idea whether the UL transmission is received successfully or not until the feedback from NW is received. If no explicit feedback is introduced, then the UE can only detect the UL transmission failure upon the expiration of failure detection timer. To improve the reliability of UL CG transmission, the autonomous retransmission scheme defined in Rel-16 NR-U shall be considered as baseline (i.e. the CG-DFI shall be used as feedback from NW to UE).
Proposal 4: The UE autonomous retransmission for CG should be supported in the CG based SDT, and the autonomous retransmission scheme defined in Rel-16 NR-U shall be considered as baseline (i.e. a CG-UCI is included to indicate the HARQ process ID, NDI and RVID of the transmission, and the CG-DFI shall be used as feedback from NW to UE).

Security aspects for CG based SDT
The security handling mainly depends on whether DCCH message can be used in the CG based SDT, and the following alternatives can be considered:
· Alt1: Reuse a common solution for both RACH based SDT and CG based SDT, in which case the resumeMAC-I in RRCResumeRequest will be generated based on old key, and the DRB data packet and all the message after RRCResumeRequest will use the new key derived based on the NCC value stored on UE side.
· Alt2: Old key (i.e. the key used before UE enter INACTIVE state) will always be used in the CG based SDT
· Alt3: New key will always be used (i.e. UE will derive the new key based on the NCC stored on UE side, and apply the new key in SRB/DRB before the transmission of RRC message)
Since the CG based SDT is only applicable in the cell where UE enter INACTIVE state, all the alternatives above are feasible from RAN2 perspective. In addition, it seems the security handling depends on which RRC message will be used in the CG based SDT. If RRCResumeRequest is reused in CG based SDT, then a common security handling should be used for both RACH based SDT and CG based SDT, in which case the resumeMAC-I in RRCResumeRequest will be generated based on the old key, and the new key will be used to protect DRB data packet and all the message after RRCResumeRequest. Considering that RRCRelease message will be used to move the UE back to INACTIVE state anyway after the completion of the CG-SDT, it seems NCC can again be included in this message as today and thus a unified solution for RA-SDT and CG-SDT is possible.
Based on the views above, we again prefer to have a unified solution for RA-SDT and CG-SDT and propose the following:
Proposal 5: A common security handling should be used for both RACH based SDT and CG based SDT, i.e. the resumeMAC-I in RRCResumeRequest will be generated based on old key, and the DRB data packet and all the message after RRCResumeRequest will use the new key. 

Resource configuration for CG based SDT
For the resource configuration of CG based SDT, one issue is whether the CG resource can only be configured on initial BWP. As NW vendor, we see some benefit to allow the configuration of CG SDT resource on BWP other than initial BWP, with which the unnecessary congestion can be avoided. To enable this, one SDT BWP can be configured. The SDT BWP will be activated once the CG based SDT is initiated, and will be deactivated once RRC release message is received.
Proposal 6: A separate SDT BWP can be configured for CG based SDT. The SDT BWP will be activated once the CG based SDT is initiated, and will be deactivated once RRC release message is received.

3. Conclusion and proposals
Based on the analysis above, we give our observations and proposals as follow:
Procedure for CG based SDT
Proposal 1: The following procedure shall be taken as baseline for the CG based SDT.
· Step 1: UE transmits RRC message through the type 1 CG resource. Besides the RRC message, the UE can include MAC CE (e.g. BSR) and DRB data packet as well.
· Step 2: Once RRC message is transmitted, the UE should monitor UE specific-RNTI for (subsequent) data transmission and retransmission. The DL transmission will be based on the dynamic scheduling addressed to UE specific RNTI, and UL transmission can be made by either dynamic grant addressed to UE specific RNTI or the type 1 CG resource.
· Step 3: Once the RRC release message is received, the UE will stop monitoring UE specific RNTI and enter INACTIVE state.

Which RRC message shall be used in the initial transmission through CG resource?
Proposal 2: The same RRC procedure (i.e. RRC resume) shall be used for both RACH based SDT and CG based SDT, and the same protection timer (e.g. T319 similar timer) shall be used as well.

Which UE specific RNTI shall be monitored during SDT?
Proposal 3: Once RRC message is transmitted through CG type 1 resource, the UE should monitor at least the C-RNTI during SDT for the scheduling of new transmissions and retransmission of dynamic grant.

Retransmission of initial CG type 1 transmission
Proposal 4: The UE autonomous retransmission for CG should be supported in the CG based SDT, and the autonomous retransmission scheme defined in Rel-16 NR-U shall be considered as baseline (i.e. a CG-UCI is included to indicate the HARQ process ID, NDI and RVID of the transmission, and the CG-DFI shall be used as feedback from NW to UE).

Security aspects for CG based SDT
Proposal 5: A common security handling should be used for both RACH based SDT and CG based SDT, i.e. the resumeMAC-I in RRCResumeRequest will be generated based on old key, and the DRB data packet and all the message after RRCResumeRequest will use the new key. 

Resource configuration for CG based SDT
Proposal 6: A separate SDT BWP can be configured for CG based SDT. The SDT BWP will be activated once the CG based SDT is initiated, and will be deactivated once RRC release message is received.
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