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1. [bookmark: _Toc18403966][bookmark: _Toc18404533][bookmark: _Toc18413600]Introduction
RAN2 has sent an LS to RAN3 asking some feedback about the CCCH solution for non-SDT data arrival in UL when SDT is ongoing (see R3-221667/R2-2201977). In this contribution the CCCH solution is analysed.  
2. Background
Non SDT data in UL can arrive whilst SDT is ongoing and RAN2 are currently discussing two separate solutions for indicating to the network that non-SDT data arrives whilst SDT is ongoing. 
First solution is the so-called DCCH based indication. This solution relies on a DCCH message sent over SRB1 to indicate non-SDT data arrival. The advantage of this solution is that the DCCH message is automatically routed to the gNB that terminates the RRC protocol layer. Hence, in case of anchor relocation, the DCCH message is automatically routed to the target gNB whilst in case of no-anchor relocation the DCCH message is routed automatically to the old anchor gNB. Since the network node that terminates the RRC layer also has the UE context, it can simply respond and either move the UE to RRC connected state (in case of anchor relocation) or release the UE and trigger a new RRC resume procedure (in case of no anchor relocation). Thus, the entire procedure is transparent to RAN3. 
Observation 1: The DCCH solution ensures that the non-SDT data arrival indication UL is automatically routed to the gNB that terminates the RRC layer and hence is transparent to RAN3
On the otherhand, the CCCH solution depends on a second RRCResumeRequest message to be sent. Since the CCCH message is routed based on the I-RNTI included in the message, there are different scenarios possible on handling this in the network and the overall impact to RAN3 in this case is different with and without anchor relocation. Further, the impact to RAN3 also depends on which node processes the second CCCH message. So, these aspects need further investigation in RAN3 and RAN3 needs to identify the overall solution for CCCH message based on the RAN3 impacts.
Observation 2: The impact of CCCH message on overall RAN3 procedure depends on which node is expected to process the second CCCH message and these aspects need further analysis
3. RAN3 impacts with the CCCH solution
3.1. Routing of the second RETRIEVE UE CONTEXT REQUEST
SDT is supported both with and without anchor relocation. There are different implications on the network side with and without anchor relocation for the second RRCResumeRequest. 
With anchor relocation
When anchor relocation is performed, UE context is relocated to the target gNB (i.e. the target gNB will be the gNB with full UE context) and path switch is performed. Then when the UE sends a second RRCResumeRequest, there are two options: 
Option 1: The target gNB processes the second RRCResumeRequest
Option 2: The old anchor gNB (i.e., the last serving gNB) processes the second RRCResumeRequest
The advantage of option 1 is that it eliminates the need for a second round of UE context retrieval and hence minimises the Xn round trip delay for the second RRCResumeRequest (i.e., the step 18-20 in the following figure 1 can be avoided) and it does not need the old anchor gNB to keep the UE context during the SDT peirod. On the other hand, option 1 requires that the target gNB process the second RRCResumeRequest (although it includes the I-RNTI which is associated with the old anchor gNB). It should be noted that the I-RNTI is used in the RAN to route the RRCResumeRequest to the correct gNB. So, it is unclear whether it is possible to update the routing decision locally at the target gNB such that a second RRCResumeRequest can be locally processed at the target gNB after anchor relocation – see figure below. 


Figure 1: CCCH solution for option 1 and option 2
Note: step 18, 19 and 20 in option 2 cause extra Xn delay.
Furthermore, RAN2 is also considering the possibility to send the 2nd Resume request even if the first resume request is not yet acknowledged. If this option is to be supported, then there could be cases where the the second resume request is routed to the old anchor gNB regardless of whether or not there is anchor relocation. So, this should also be kept in mind. 
Observation 3: After anchor relocation, processing the second RRCResumeRequest at the old anchor gNB (option 2) increases the Xn round trip delay, and it needs the old anchor gNB to keep the UE context during the SDT period.
Observation 4: If second resume request is sent before the first resume request is received/processed in the network, then the second resume request would have to be forwarded to the old anchor gNB
In contrast, if an RRC message other than the CCCH message is adopted, then the message is automatically routed to the gNB that currently terminates the RRC layer. This is depicted in the figure below. 


Figure 2: solution where the non-SDT data indication is processed in target gNB (e.g. DCCH solution)
Note: Non-SDT data indication processed by the new serving gNB
Observation 5: In case of anchor relocation and path switch, if new serving gNB can process the non-SDT data indication, this will avoid the extra round trip delay. 
Proposal 1: RAN3 should inform RAN2 the following: 
· Processing the second resume request in the target gNB (i.e. new anchor gNB)
· avoids the unnecessary Xn round trip delay for the case where there is path switch (if in the old anchor gNB), but
· requires the new serving gNB to update the local routing procedure for CCCH messages and to process the CCCH message locally even though the I-RNTI points to the old anchor gNB (feasibility of this needs to be analysed in RAN3) – in case CCCH solution is used
· cannot support the case where the second resume request is sent before the first one is processed in the network – in case of CCCH solution is used
· can be supported without any changes to RAN3 if an RRC message over DCCH is used
Without anchor relocation
When the anchor relocation is not performed, the PDCP entity is located at the last serving gNB (i.e. the old anchor gNB). Hence, the second RRCResumeRequest should be processed at the last serving gNB. In this case the decision seems straight forward
Proposal 2: In case of no anchor relocation, the second RRCResumeRequest should be processed at the anchor gNB
3.2. Identification of the UE Context
In case of anchor relocation and no anchor relocation (i.e., either the target gNB or the old anchor gNB), the gNB-CU will have to process the second resume request message. 
In case of anchor relocation (i.e., Option 1), when the gNB-DU receives the second CCCH, it has no idea of association with an onging SDT due to lack of UE id, it shall send Initial UL RRC Message Transfer message including the second CCCH to gNB-CU.  After receiving this F1AP message from gNB-DU, the gNB-CU can find this CCCH associates to an ongoing SDT based on the UE id. Then gNB-CU can either modify the UE context stored in the gNB-DU, or establish new UE context in the gNB-DU and release the one associated to the ongoing SDT.
In case of no anchor relocation, if the old anchor gNB should still process the second RRCResumeRequest message (i.e., Option 2), above F1AP impact still exists. Moreover, it also introduce XnAP impact, overall procedure looks as shown in figure 3 as below. 



Figure 3: Option 2 for non-SDT data arrival indication via CCCH message
As can be seen, the CCCH solution relies on the target gNB sending a first RETRIEVE UE CONTEXT REQUEST message for the first resume request (in step 5) and then sending another RETRIEVE UE CONTEXT REQUEST for the second resume request (in step 18). In the meanwhile, the target gNB would have created a UE context after the first RETRIEVE UE CONTEXT RESPONSE message (i.e. after step 7) and the SDT session would have started between the UE and the target gNB after path switch. Thus, the target gNB shall uniquely identify that the second RETRIEVE UE CONTEXT RESPONSE is associated with a onging SDT session (otherwise, a new context will be created in the target gNB and the second RRCResume message in step 21 may not be routed to the UE with ongoing SDT session).
Observation 6: For option 2, the second RETRIEVE UE CONTEXT RESPONSE message in step 20 should be associated by the target gNB with an ongoing SDT session with the UE  
The following options are possible for the association of the UE context. 
Sub-option 1: The last serving gNB includes an indication in the RETRIEVE UE CONTEXT RESPONSE message that the response corresponds to a UE with active SDT session
Sub-option 2: The target gNB detects the UE using the I-RNTI in the UE Context ID
Option 2 requires the target gNB to remember the I-RNTIs of the UEs with active SDT sessions. Since the I-RNTI in this case is allocated by the last serving gNB, it is not always the case that the target gNB would keep track of the active I-RNTIs with SDT sessions. Thus, it seems option 1 is a better way forward for this. 
Proposal 3: RAN3 should discuss the XnAP impact on how to identify and associate the RETRIEVE UE CONTEXT RESPONSE message with an ongoing SDT session at target gNB CU, and F1AP impact on how to handle the UE context in DU for the ongoing SDT procedure (e.g. modify the existing UE context for SDT, or establish a new UE context and release the old one).
3.3. Open issues with the timing of UL non-SDT data arrival
When DL data arrives at the gNB during SDT, the data is sent to the UE if the data is mapped to SDT RBs. Otherwise, DL non-SDT data arrival procedure is invoked (in case of anchor relocation, this means that the UE is moved to RRC_CONNECTED and in case of no anchor relocation, the UE is released). 
However, since the UE terminates the SDT session autonomously in case of CCCH solution, there could be cases where the network invokes the non-SDT data arrival procedure at a time when the UE invokes the second RRCResumeRequest.
For the case of no anchor relocation, the NW may send RRC release message to UE with new NCC, in which case no UE context can be retrieved due to the failure of integrity verification (i.e. the NW will use the key derived based on new NCC to verify the resume MAC-I of second CCCH message, but the resume MAC-I in second CCCH message for non-SDT data arrival is generated by UE with old NCC and horizontal key derivation).
For the case of anchor relocation, if it is up to old anchor to process the UE verification, then extra round trip delay involved between the two procedures includes Xn delay (in case of no anchor relocation), the DL non-SDT data arrival procedure may time out. For instance, the RRCResume message sent by the target gNB (see Figure 4 - step 19) may be lost (since the UE terminated the ongoing procedure) and the network may release the UE context. It seems this may lead to error scenarios which require a recovery procedure to be triggered and would delay the second resume procedure significantly in many such cases (the recovery procedure involves the UE moving to IDLE mode and performing a NAS recovery using RRC Setup procedure). This is not preferable since the non-SDT data arrival may be of higher priority in such cases (e.g., emergency call). This is depicted in the figure below. 


[bookmark: _Ref95214456]Figure 4: Error cases with DL data arrival during the second resume procedure

Observation 7: If DL data arrives during the second resume procedure, then the UE context retrieve may fail due to the mismatch of key for the Resume MAC-I verification or due to the earlier release of UE context caused by the failure transmission of RRC resume through SDT procedure, and additional delay may be introduced for the second resume procedure for Non-SDT data arrival (i.e. RRC setup may be used due to the failure of UE context retrieve).
Proposal 4: RAN3 should discuss whether and how to avoid the extra delay caused by the DL data arrives during/just before the second resume procedure.
Further, there can also be other cases that may need consideration, for instance iIf the second RRCResumeRequest is sent whilst the Pathswitch or the RETRIVE UE CONTEXT procedure for the first request is ongoing, what is the behaviour of the target gNB and what is the behaviour of the anchor gNB. This issue is depicted in Figure 4 below. It should be noted that the contention resolution of the UE can happen before UE context retrieval. So, the UE can send the second RRCResumeRequest at any point (i.e. even before the context fetch is complete). 


[bookmark: _Ref95215317]Figure 4: Open issues with the timing of the arrival of the second resume request
Observation 8: If the second RRCResumeRequest arrives whilst the UE context retrival for the first RRCResumeRequest is still ongoing, then, the network behaviour needs further discussion: 
· Option 1: The target gNB buffers the second RRCResumeRequest until the UE context retrieval procedure for the previous resume request is complete
· Option 2: The target gNB initiates the second retrieve UE context request procedure immediately. 
Note that if option 2 is chosen, then the behaviour of the old Anchor gNB may also need to be clarified. 
Proposal 5: If the second RRCResumeRequest arrives whilst the UE context retrival for the first RRCResumeRequest is ongoing then the network behaviour needs to be clarified
3.4. Identifying the second resume request
RAN2 asks RAN3 if an explicit indication is needed in the second resume message to identify the UE making the second resume request. It should be noted that if the second resume request is only sent after the first resume request is acknowledged, then there is no ambiguity at the network to identify the UE uniquely based on the I-RNTI. However, it is clear from the RAN2 LS to SA3 (R3-221668) that RAN2 is also considering the scenario where the second resume request may be sent even before the first resume request message is successfully received/processed at the network side. If this is the case, then there will be impact on the network side since the network cannot identify the UE uniquely. At network side, there are three options: 
Option 1: if the second resume request is received before the first resume request is processed/received, the the network simply sends RRCSetup 
Option 2: if the second resume request is received before the first resume request is processed/received, the network would try to process the second resume request with both the old security key and the new security key (i.e. double decoding at the network side)
Option 3: There is an explicit indication in the second resume request which identifies that this is the second resume request
The pros and cons of the above options are discussed in the table below: 
	Option
	Pros
	Cons

	Option 1
	No changes required to the existing network procedures
	Sending second resume request before the first one is processed will always fail in this case (and would lead to NAS recovery). 
In this case, it seems there is no point in sending the second resume request before the first one is acknowledged. 

	Option 2
	The second resume request can be processed even if the first one is not received
	Double decoding is required at the network side
It should be noted that the double decoding should be performed everytime the first resume request fails (i.e. regardless of whether the first one is from a genuine UE or not, the network has to blindly check the second possibility every time the first resume request fails for an SDT UE)

	Option 3
	The second resume request can be processed even if the first one is not received
No double decoding is needed
	RAN2 may need to define new IEs for the second message indication



As can be seen from the above, there are pros and cons for all the options. From a pure RAN3 signalling perspective, option 3 seems the best option. However, this may have impact on RAN2 design and the final decision on this can be left to RAN2. However, if option 3 is not feasible, then RRCSetup can be used as a fallback option (however, this will lead to extra signalling and will delay the overall procedure).  
Proposal 6: RAN3 should indicate to RAN2 that from RAN3 perspective it would be preferable to have an explicit indication in the second resume request message to identify that this is for non-SDT data indication (otherwise, fallback with RRCSetup may be needed in some cases which will delay the second resume procedure). 

3.5. Way forward proposed
Since this is the last meeting to finalize the stage 3 issue for Rel-17 WIs, RAN3 should try to have agreeable CRs for the CCCH based solution in this meeting, if possible. However, considering there is still another alternative solution (i.e. DCCH based solution) with no requirement on RAN3, if the agreeable CRs can not be ready by the end of this meeting, then RAN3 should inform RAN2 that RAN3 will not work on this in Rel-17
Proposal 7: RAN3 should try to have agreeable set of draft CRs for the CCCH based solution in this meeting. However, if the agreeable set of draft CRs are not ready in time, then RAN3 should inform RAN2 that RAN3 will not work on the CCCH based solution in Rel-17.
4. Conclusion and proposals
Based on the above analysis, we provide the following observations and proposals.
Observation 1: The DCCH solution ensures that the non-SDT data arrival indication UL is automatically routed to the gNB that terminates the RRC layer and hence is transparent to RAN3
Observation 2: The impact of CCCH message on overall RAN3 procedure depends on which node is expected to process the second CCCH message and these aspects need further analysis
Observation 3: After anchor relocation, processing the second RRCResumeRequest at the old anchor gNB (option 2) increases the Xn round trip delay, and it needs the old anchor gNB to keep the UE context during the SDT period.
Observation 4: If second resume request is sent before the first resume request is received/processed in the network, then the second resume request would have to be forwarded to the old anchor gNB
Observation 5: In case of anchor relocation and path switch, if new serving gNB can process the non-SDT data indication, this will avoid the extra round trip delay. 
Proposal 1: RAN3 should inform RAN2 the following: 
· Processing the second resume request in the target gNB (i.e. new anchor gNB)
· avoids the unnecessary Xn round trip delay for the case where there is path switch (if in the old anchor gNB), but
· requires the new serving gNB to update the local routing procedure for CCCH messages and to process the CCCH message locally even though the I-RNTI points to the old anchor gNB (feasibility of this needs to be analysed in RAN3) – in case CCCH solution is used
· cannot support the case where the second resume request is sent before the first one is processed in the network – in case of CCCH solution is used
· can be supported without any changes to RAN3 if an RRC message over DCCH is used
Proposal 2: In case of no anchor relocation, the second RRCResumeRequest should be processed at the anchor gNB
Observation 6: For option 2, the second RETRIEVE UE CONTEXT RESPONSE message in step 20 should be associated by the target gNB with an ongoing SDT session with the UE  
Proposal 3: RAN3 should discuss the XnAP impact on how to identify and associate the RETRIEVE UE CONTEXT RESPONSE message with an ongoing SDT session at target gNB CU, and F1AP impact on how to handle the UE context in DU for the ongoing SDT procedure (e.g. modify the existing UE context for SDT, or establish a new UE context and release the old one).
Observation 7: If DL data arrives during the second resume procedure, then the UE context retrieve may fail due to the mismatch of key for the Resume MAC-I verification or due to the earlier release of UE context caused by the failure transmission of RRC resume through SDT procedure, and additional delay may be introduced for the second resume procedure for Non-SDT data arrival (i.e. RRC setup may be used due to the failure of UE context retrieve).
Proposal 4: RAN3 should discuss whether and how to avoid the extra delay caused by the DL data arrives during/just before the second resume procedure.
Observation 8: If the second RRCResumeRequest arrives whilst the UE context retrival for the first RRCResumeRequest is still ongoing, then, the network behaviour needs further discussion: 
· Option 1: The target gNB buffers the second RRCResumeRequest until the UE context retrieval procedure for the previous resume request is complete
· Option 2: The target gNB initiates the second retrieve UE context request procedure immediately. 
Note that if option 2 is chosen, then the behaviour of the old Anchor gNB may also need to be clarified. 
Proposal 5: If the second RRCResumeRequest arrives whilst the UE context retrival for the first RRCResumeRequest is ongoing then the network behaviour needs to be clarified
Proposal 6: RAN3 should indicate to RAN2 that from RAN3 perspective it would be preferable to have an explicit indication in the second resume request message to identify that this is for non-SDT data indication (otherwise, fallback with RRCSetup may be needed in some cases which will delay the second resume procedure). 

Way forward
Proposal 7: RAN3 should try to have agreeable set of draft CRs for the CCCH based solution in this meeting. However, if the agreeable set of draft CRs are not ready in time, then RAN3 should inform RAN2 that RAN3 will not work on the CCCH based solution in Rel-17.
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