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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
2.1. Scenarios for CG based SDT
For the CG based SDT, the first issue that needs to be discussed is the target scenarios for CG based SDT transmission. And the following two different scenarios can be considered:
· Scenario 1: UE remains in the cell where UE enters INACTIVE state.
· Scenario 2: Cell reselection has been performed during INACTIVE state (UE camped in one cell other than the cell where UE enters INACTIVE state)
The WID objective requires that the CG based SDT is only applicable in case TA is valid, and the TA is not valid in case the UE moves to a new cell.
Observation 1: CG based SDT is only applicable in case TA is valid, and the TA seems no longer valid in case the UE reselect to a new cell.
Even in case of 0ms TA (e.g. for small cell), more discussion will be required to address the CG resource configuration for SDT in multiple cells. For example, the following two alternatives can be discussed:
· Alt1: NW may configure SDT CG resource for multiple cells before UE enter INACTIVE state, and UE can select the corresponding CG resource according to the cell camped.
· Alt2: NW can broadcast multiple CG resource in SIB, and UE can select one CG resource according to the SIB in the cell camped. 
Significant complexity can be foreseen and more discussion will be required to address the corresponding open issues if Alt2 has to be supported. Further, even if CG resources are broadcast, context fetch will be required to support the UE in new cell and context fetch and data forwarding related enhancements are clearly confined to only the RACH based solutions within the WID.  
Observation 2: Supporting CG based SDT after cell re-selection will lead to higher complexity and is as such not supported in the WID. 
Based on the consideration above and taking the limited time budget into account, we propose that the CG based SDT can only be used in case the UE remains in the cell where UE enters INACTIVE state.
Proposal 1: The CG based SDT can only be used in case UE remains in the cell where UE enters INACTIVE state.
2.2. Stage 2 procedure for CG based SDT
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 2: 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.
Configured grant used for CG based SDT
According to the description in the WID that “Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1)”, it is clear that configured grant type 1 shall be used for the CG based SDT.
Proposal 3: For the CG based SDT, the configured grant type 1 will be used.
Which RRC message shall be 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.
Which UE specific RNTI shall be 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.
Based on the analysis above, we think reusing the C-RNTI and CS-RNTI in CG based SDT seems a simpler and straight forward solution, compared to introducing a new RNTI (with similar functionality) and corresponding behavior in MAC. Therefore, we propose to monitor C-RNTI and CS-RNTI during CG-SDT instead of defining a new RNTI.
Proposal 5: Once RRC message is transmitted through CG type 1 resource, the UE should monitor both C-RNTI and CS-RNTI during SDT. CS-RNTI will be used to schedule the retransmission of configured grant (i.e. same as Rel-16 CG type 1) and C-RNTI will be used for the scheduling of new transmissions and retransmission of dynamic grant.

Retransmission of initial CG type 1 transmission
Another issue for step 1 is the retransmission of CG type 1 transmission. In Rel-17, autonomous retransmission for CG has been introduced. For CG based SDT, considering NW has no idea when the SDT will be triggered by UE, no retransmission will be scheduled by CS-RNTI in case the UL CG based initial transmission is missed by NW. Therefore, we think the autonomous retransmission is useful for the CG based SDT, and shall be supported. The detail for the autonomous retransmission for CG based SDT can be FFS.
Proposal 6: The autonomous retransmission for CG shall be supported in CG based SDT.

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 7: 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. 
2.3. Configuration of CG based SDT
Resource configuration for CG based SDT
If it is agreed that the CG resource is only applicable in the cell where UE enter INACTIVE state (i.e. the last PCell of UE in CONNECTED mode), then we think it is sufficient to provide the SDT CG resource configuration to UE in CONNECTED mode with dedicated signaling. One issue to further discuss is whether we should include this in RRCReconfiguration or RRCRelease or both. In general, it should be possible for the network to release or reconfigure the CG resources during the CG-SDT phase. Given that RRCRelease message is sent in DL during the CG-SDT, it makes sense to include the CG resources in RRCRelease message. Then whether we also need to include the CG-SDT resources in RRCReconfiguration message can be left for further discussion. For now, we don’t see a specific use case for this. 
Proposal 8: The CG-SDT resources should be configured to UE in CONNECTED mode through dedicated signaling. RRCRelease message is used for configuring these resources.  
According to current signaling structure, since the CG resource is configured per BWP, it is straight forward that the CG resource for SDT shall be associated to a BWP as well. For the BWP of CG resource for SDT, the following two alternatives can be considered:
· Alt1: The CG resource for SDT shall be configured on initial UL BWP
· Alt2: The CG resource for SDT shall be configured on a UE specific dedicated BWP
In the two alternatives above, since NW needs to store/reserve the CG resource configured for SDT anyway, it seems more flexible to use the dedicated BWP. Therefore, we propose the following:
Proposal 9: A pair of dedicated UL/DL BWP shall be configured to UE for CG based SDT, and the corresponding UL/DL BWP will be activated once the CG based SDT is initiated.
For the CG resource for SDT, one issue is the mapping between CG resource and beam (i.e. SSB). Since the beam management is mainly a RAN1 issue, we think the mapping between CG resource and beam should be discussed in RAN1, together with other beam management related issues for SDT.
Proposal 10: The beam management related issues in CG based SDT shall be discussed in RAN1, including the association between beam and CG resource.
Validity of CG resource
In NR CONNECTED mode, the CG resource will be cleared once TAT expired. Considering the CG based SDT is only applicable in case TA is valid, we think similar rule shall be applied to CG based SDT that the CG resource for SDT shall be removed once TAT expired.
In addition, if proposal x is agreed that the CG based SDT is only applicable in case the UE remains in the cell whether UE enter INACTIVE state, then in case the UE initiates SDT/RESUME in the new cell, the CG resource for SDT can be removed as well.
Therefore, we propose the following:
Proposal 11: The CG resource for SDT shall be removed autonomously on UE side in the following two cases:
· Case1: UE initiates the resume procedure in another cell
· Case2: SDT TAT timer expires
3. Conclusion and proposals
Based on the analysis above, we give our observations and proposals as follow:
Scenarios for CG based SDT
Observation 1: CG based SDT is only applicable in case TA is valid, and the TA seems no longer valid in case the UE reselect to a new cell.
Observation 2: Supporting CG based SDT after cell re-selection will lead to higher complexity and is as such not supported in the WID. 
Proposal 1: The CG based SDT can only be used in case UE remains in the cell where UE enters INACTIVE state.
Procedure for CG based SDT
Proposal 2: 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.

Configured grant used for CG based SDT
Proposal 3: For the CG based SDT, the configured grant type 1 will be used.

Which RRC message shall be used in the initial transmission through CG resource?
Proposal 4: RRCResumeRequest message will be reused in the CG based SDT.
Which UE specific RNTI shall be monitored during SDT?
Proposal 5: Once RRC message is transmitted through CG type 1 resource, the UE should monitor both C-RNTI and CS-RNTI during SDT. CS-RNTI will be used to schedule the retransmission of configured grant (i.e. same as Rel-16 CG type 1) and C-RNTI will be used for the scheduling of new transmissions and retransmission of dynamic grant.

Retransmission of initial CG type 1 transmission
Proposal 6: The autonomous retransmission for CG shall be supported in CG based SDT.

Security aspects for CG based SDT
Proposal 7: 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 8: The CG-SDT resources should be configured to UE in CONNECTED mode through dedicated signaling. RRCRelease message is used for configuring these resources.  
Proposal 9: A pair of dedicated UL/DL BWP shall be configured to UE for CG based SDT, 
and the corresponding UL/DL BWP will be activated once the CG based SDT is initiated.
Proposal 10: The beam management related issues in CG based SDT shall be discussed in RAN1, including the association between beam and CG resource.

Validity of CG resource
Proposal 11: The CG resource for SDT shall be removed autonomously on UE side in the following two cases:
· Case1: UE initiates the resume procedure in another cell
· Case2: SDT TAT timer expires
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