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1. [bookmark: _Toc18413600][bookmark: _Toc18404533][bookmark: _Toc18403966]Introduction
In this document, the control plane aspects of SDT are discussed.  
2. SDT type selection and switching
Based on the email discussion [POST113-e][501], the overall framework for SDT looks as shown in Figure 1. 


[bookmark: _Ref61359927]Figure 1: Overall procedure for SDT selection and switching
Although the assumption seems to be that there will be no switching between RA-SDT and CG-SDT, it seems there is some preference to allow the UE to switch from SDT to non-SDT upon a configured number of failures. (Proposal 10, case 2 from the summary). Until now, a counter based solution is not used to terminate the initial access attempt (i.e., RACH will continue even after the RACH problem is notified to upper layers). However, with the proposal in the email discussion 501, it seems the intention is to change this. In our view, the initial access procedure in RACH can still continue even after the counter reaches the maximum value (until the timer in RRC runs out). However, if the UE has to switch to non-SDT after some maximum number of failures, then, from MAC perspective this can be modelled as SDT procedure failure and the new non-SDT procedure then can be initiated by RRC. However, one question is how to handle the initial UL packet in the MSG3 buffer and whether we need to ensure lossless transfer of this packet. If lossless transfer is to be ensured, some solution is needed (e.g., PDCP level recovery to be triggered). However, if lossless transmission of this initial packet is not needed, then the UE can move to IDLE mode and trigger a new non-SDT based procedure (e.g., a new connection setup procedure). 
Proposal 1: For any failure scenario (i.e., CG-SDT failure or RA-SDT failure or T319 like timer expiry, cell reselection etc), MAC will indicate a failure cause to the RRC and then it is up to RRC to take further action. 
Proposal 2: For all failure scenarios, the same recovery mechanism will be specified
· If lossless transmission of the UL data included in msgA/msg3/CG resource is not needed, then the UE moves IDLE mode and then connection setup procedure is triggered (i.e. same as Resume failure today). 
· If lossless transmission is needed, then UE has to stay in INACTIVE and trigger a new RRCResume procedure and RAN2 should consider further enhancements based on PDCP level recovery etc. 
3. Failure detection and recovery
3.1. Failure detection
The triggers for failure detection during SDT phase may include the following: 
· Expiry of T319-like (or a new) timer
· Cell reselection during SDT
· RLC max retransmissions reached
· Etc
During the SDT phase failure may be detected for a number of reasons. Currently, in case of RACH, the failure detection is based on the T319 timer and similar approach can be adopted for both RA-SDT and CG-SDT. However, one question is whether the T319 timer needs to be extended and if so, by how much. In general, the target should be to cover the round-trip time for any response messages in the other direction and to allow sufficient time for the subsequent data transfer phase. The round-trip time in general for typical applications is only in the order of a few 100s of milli seconds anyway. Thus, an extended T319 in the order of a few seconds would be more than sufficient to handle the RA-SDT phase. We propose to cover the range up to 10 sec. As in legacy, the extended T319 timer should cover the time between the first UL message and the RRC response message (i.e. either RRCRelease or RRCResume) in DL. 
The other alternative to the above is to use a new mechanism such as using a new timer which is restarted after each SDT UL/DL packet. However, such a mechanism will in theory extend the SDT phase indefinitely and as such is not the main target scenario for small data transmissions (which is meant to be for small and infrequent data bursts). Given the above, we think there should be an overall upper bound on the SDT phase and an extended T319 like timer should be used to control this. 
Proposal 3: A new extended T319 like timer is used for failure detection and the value of this timer is configurable (up to 10 s) 

3.2. Failure recovery 
When failure occurs in the same cell during the SDT (e.g., MSGA/MSG3/CG resource fails configured number of times), it seems the preference is to switch to non-SDT mode of operation. Thus, in this case, the UE will trigger a new RRCResume procedure in the same cell.
But if the failure occurs after the initial UL message is transmitted, then we need to discuss the UE behaviour a bit further. The relevant failures here are: 
a) RLC transmax reached
b) Cell reselection happens
c) Expiry of the failure detection timer
As discussed during the email discussion [POST113-e][503], there are three options for handling this failure: 
1) UE moves to IDLE mode and NAS recovery is performed (same as legacy)
2) UE stays in INACTIVE state and initiates a new resume procedure
3) UE stays in INACTIVE state but initiates an RRCReestablishment procedure
In the table below, we look at the implications of each of the approach above

	 
	Move to IDLE
	New Resume
	Reestablishment

	UP handling and data loss
	☹ Data loss cannot be prevented

	😊 Data loss can be prevented by using PDCP level reestablishment
- For UM RLC, the TX_NEXT will be set to initial value, which means the same key and COUNT will be reused unless the key change happens (via RRCResume message in DL), however, it is unclear whether network can know that UE has performed an SDT attempt before or not if the failure happens prior to contention resolution. One option could be to only perform RRCResume after contention resolution. 
	😊 Data loss can be prevented by using PDCP level reestablishment

	Security handling
	- AS security is discarded and new security context is created via NAS recovery
😊 No impact to SA3
	- In the same cell case ResumeMAC-I will be repeated (need to check with SA3)
- In different cell case, the ResumeMAC-I is not repeated, but is calculated using the same NCC (again needs to be checked by SA3)
- If there is any message during SDT over DL SRB1, the same key and COUNT may be reused in case of same cell case. So, some special handling may be required for DL SRB1 handling if UE were to stay in INACTIVE state. 
	- The reestablishment MAC-I calculation uses the same NCC (again needs to be checked by SA3)

	RAN3 impacts
	😊 No impacts to RAN3
	- In case of anchor relocation, if the Resume procedure is used, then the old anchor node will receive the new RRCResumeRequest and may not have the UE context since this has been relocated to the new target gNB. Some impact to RAN3 hence will result from this approach and RAN3 should be made aware of this if we go this way
	- In case of no-anchor relocation, if the reestablishment procedure is used again, then the new target node will receive the new RRCReestablishmentReq, but the UE ID will point to the old gNB where the UE tried to resume. Then, again there will be some impact to RAN3 since the UE context will need to be fetched from the old anchor via the old target gNB. Thus, RAN3 needs to be involved here too



Based on the above, the following proposal is made: 
Proposal 4: Both RAN3 and SA3 need to be involved for Resume or Reestablishment based solutions
· RAN3 should be informed about the new ResumeRequest that could be potentially received by the old anchor gNB if a failure event happens after anchor relocation
· SA3 involvement may be needed after further discussion in RAN2 about the possible key reuse for RLC UM/DL SRB1 transmissions
4. Support of RRC-Less
At RAN2#111e, it was agreed to study RRC-less for limited use cases (e.g. same serving cell and/or CG) with a lower priority. As analysed in [2], RRC-less approach has limited applicability and is an optimisation for a special case when there is no cell change. Further, specification of an optimization for a solution in the first release of standardizing a feature is not usual. Given this, we propose to specify only one solution for SDT in Rel-17. 
However, if a majority of companies in RAN2 agree to support RRC-less solution, we should at least ensure that the solution with and without RRC are not too divergent so that the work load in Rel-17 is manageable. To ensure this, we think the following framework for RRC-less can be considered further (but only if RAN2 agrees to specify this solution in Rel-17): 
· For the security framework, the same framework is used as the RRC-based solution: 
· The stored security material in the INACTIVE context of the UE is used to generate the integrity protection token (i.e. short-MACI) and is included in the first UL message sent over CG
· New security key is generated based on the stored security context like in RA-SDT case and this is used for encrypting and/or integrity protection of data
· The UAC framework is applicable as in RA-SDT and the resume cause may be included in the first UL message
· MAC CEs are defined to carry the contents that are normally included in the CCCH message (i.e. short-MACI, resumeCause etc)
· No RRC-message is included in the first UL message but the UE can still receive an RRC-message in DL in response to the first UL UP message (i.e. the control procedure for RRC-based and RRC-less are unified after the first UL message)
· The RRC-less approach can be applied to both RACH and CG based solutions as long as the UE resumes in the same cell in which it was moved to RRC-INACTIVE (i.e. only for no cell change case)
· Network shall be under control of whether the UE shall use RRC-less approach or not (e.g. via indication in system information or via dedicated configuration – details TBD)
Based on the above, the following is proposed: 
Proposal 5: RAN2 should continue to focus on RRC-based solution in Rel-17 for SDT (i.e., the RRC-based SDT)
Proposal 6: RAN2 should only consider RRC-less solution if time is left after specifying RRC-based solution and in this case, the RRC-less solution should adopt the same security and UAC framework as in RRC-based solution and ensure that network is in control of state transitions (i.e., UE shall be able to receive an RRC message in DL even if there is no RRC message included in the first UL message). 
5. Conclusion and proposals
The CP aspects of SDT are discussed in this contribution and the following proposals are made: 
Proposals:
Proposal 1: For any failure scenario (i.e., CG-SDT failure or RA-SDT failure or T319 like timer expiry, cell reselection etc), MAC will indicate a failure cause to the RRC and then it is up to RRC to take further action. 
Proposal 2: For all failure scenarios, the same recovery mechanism will be specified
· If lossless transmission of the UL data included in msgA/msg3/CG resource is not needed, then the UE moves to IDLE mode and then connection setup procedure is triggered (i.e., same as Resume failure today). 
· If lossless transmission is needed, then UE has to stay in INACTIVE and trigger a new RRCResume procedure and RAN2 should consider further enhancements based on PDCP level recovery etc. 
Proposal 3: A new extended T319 like timer is used for failure detection and the value of this timer is configurable (up to 10 s) 
Proposal 4: Both RAN3 and SA3 need to be involved for Resume or Reestablishment based solutions
· RAN3 should be informed about the new ResumeRequest that could be potentially received by the old anchor gNB if a failure event happens after anchor relocation
· SA3 involvement may be needed after further discussion in RAN2 about the possible key reuse for RLC UM/DL SRB1 transmissions
Proposal 5: RAN2 should continue to focus on RRC-based solution in Rel-17 for SDT (i.e., the RRC-based SDT)
Proposal 6: RAN2 should only consider RRC-less solution if time is left after specifying RRC-based solution and in this case, the RRC-less solution should adopt the same security and UAC framework as in RRC-based solution and ensure that network is in control of state transitions (i.e., UE shall be able to receive an RRC message in DL even if there is no RRC message included in the first UL message). 
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