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Since it has been stated in the Rel-17 SDT Work Item Description (WID) [1] that both context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions should be supported, it is possible for a UE to trigger SDT and request for subsequent data transmissions via sending the BSR to a serving gNB that does not possess UE’s context. In this case, the serving gNB has to process UE’s BSR that is not really targeting to the serving gNB but rather to the gNB possessing UE’s context. More importantly, such information (i.e., UE needs subsequent data transmissions) is not passed to the anchor gNB and therefore the anchor gNB may make a poor decision regarding whether to perform anchor relocation or not upon receiving the Retrieve UE Context Request message sent by the serving gNB.
In this paper, several observations are made with the intention to bring the awareness that 1) network may not have sufficient information supporting it to make the anchor relocation decision, and 2) UE might trigger another RA procedure soon after the termination of the current SDT procedure. At the end, several remedies are proposed with the intention to address these issues.
[bookmark: _Ref178064866]Discussion
Indication for the subsequent data transmission
Since it is assumed in RAN2 that UE will reuse and transmit RRCResumeRequest/RRCResumeRequest1 upon triggering the SDT procedure (i.e., upon detecting the arrival of SDT traffic and the criteria for triggering the SDT procedure are satisfied), the legacy RRC resume framework and messages applied in Uu and Xn should be applied to the SDT operation as well with some necessary modifications, as shown in Figure 1. From RAN2 perspective, the necessary modifications include but not limited to the RACH resource separation for SDT and non-SDT, allowing UE to resume SDT SRBs/DRBs and multiplex the user data (and MAC CEs, e.g., BSR) with the RRC resume request message, introducing a new T319 timer (a.k.a. SDT failure detection timer) that regulates the UE behavior upon detecting the SDT failure taking into account the possible subsequent data transmission(s), and the security key updating mechanism after the 1st RRC resume request message.
Figure 1 illustrates the case where UE has moved to another gNB that is different from the anchor gNB (i.e., the gNB possessing UE’s context) while triggering the SDT procedure. The serving gNB, upon receiving the RRC resume request from the UE, is able to know whether UE is performing an SDT procedure or a legacy RRC resume procedure, by checking the RACH resource transmitted prior to the RRC resume request message, or by checking whether the RRC resume request message is multiplexed with user data or with a BSR MAC CE. The serving gNB can further know the UE would need subsequent data transmission(s) in the uplink direction if a BSR is received together with the RRC resume request message.
The anchor gNB, on the other hand, may not be able to know whether UE is performing an SDT procedure or a legacy RRC resume procedure, upon receiving the Retrieve UE Context Request message from the serving gNB. Based on the existing Retrieve UE Context Request message, the anchor gNB may know UE is performing an SDT procedure only if it also receives UE’s user data forwarded by the serving gNB. However, this would require the interaction between the Xn-CP and Xn-UP, and it is not always guaranteed that the Xn-UP can forward UE’s user data to the anchor gNB before the anchor gNB responding with the Retrieve UE Context Failure/Response message to the serving gNB. On the other hand, UE’s user data may not be available in the first place at the serving gNB side if the serving gNB does not provide sufficient MSG3/MSGA grant for UE to accommodate its user data. The anchor gNB also does not know whether UE needs subsequent data transmissions for SDT (in the uplink direction) upon receiving the Retrieve UE Context Request message, since the message itself does not contain such information.
Observation 1: Upon receiving the Retrieve UE Context Request message, the anchor gNB may not be able to distinguish whether UE is performing the SDT or the legacy resume procedure.
Observation 2: Upon receiving the Retrieve UE Context Request message, the anchor gNB does not know whether UE needs subsequent data transmissions for SDT in the uplink direction.
Therefore, it is possible the anchor gNB may respond with either the Retrieve UE Context Response or the Retrieve UE Context Failure message (and hence make the anchor relocation decision) before knowing whether UE needs subsequent data transmissions for SDT or whether UE is performing SDT or not. As a result, the anchor gNB may make the anchor relocation decision inappropriately based on insufficient information, as depicted in the example in Figure 1, where the anchor gNB decides to not perform the anchor relocation as it does not know UE is performing SDT and needs subsequent data transmissions following the SDT in the uplink direction. As a consequence, shown in the later part of this example, all the subsequent data transmissions taking place between UE and the serving gNB are forwarded to/from the anchor gNB (step 5/6), which increases significantly the user data latency. The anchor gNB also needs to distinguish between the SDT and legacy RRC resume procedure, as in the legacy RRC resume the anchor relocation is almost a ‘must’ operation while in the SDT procedure the anchor relocation is not always needed especially if no subsequent data transmission is going to take place.
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Figure 1. The SDT procedure reusing the RRC resume framework (in case of no anchor relocation) in Uu and Xn.
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 Figure 2. The same ResumeCause is carried in both the RRC Resume Request and Retrieve UE Context Request message.

Observation 3: Anchor gNB could make anchor relocation decision inappropriately if it is not aware that UE is performing SDT or UE needs subsequent data transmissions for SDT in the uplink direction.
In order to make the anchor gNB aware of UE’s situation with regard to the SDT status or the subsequent data transmission status, one way is to let the serving gNB inform the anchor gNB about UE’s situation since the serving gNB has learned all these information from UE already. However, as this would change the Xn-AP specification and require the involvement from RAN3, we think it is less desirable considering the limited time left for this release. Another way is to let UE inform the anchor gNB directly by adding new ResumeCause values carried in RRCResumeRequest/RRCResumeRequest1, since the added ResumeCause values will also be encapsulated in the Retrieve UE Context Request message without being altered, as shown in Figure 2. Although in the legacy RRC resume procedure, the ResumeCause value is given by NAS and RRC simply encapsulates the given ResumeCause value into the RRC resume request message, we think the new ResumeCause values should be managed and used by RRC in case of the SDT operation, since RRC is more aware of the SDT status (SDT vs. non-SDT, subsequent data transmission, etc.). RRC can use the new ResumeCause value to replace the ResumeCause value given by NAS if needed. We think this way is more preferable as the involvement from other working groups can be minimized.
Observation 4: The ResumeCause is delivered to the serving gNB via RRCResumeRequest/RRCResumeRequest1, and is then passed to the anchor gNB via Retrieve UE Context Request. Hence the information provided via the ResumeCause is known to both the serving and anchor gNB.
Proposal 1: Introduce new ResumeCause values in RRCResumeRequest/RRCResumeRequest1 for the SDT purpose. These new ResumeCause values are only available in the RRC and can be used by the RRC to replace the ResumeCause value provided by NAS.
[bookmark: OLE_LINK1078][bookmark: OLE_LINK1079][bookmark: OLE_LINK1080][bookmark: OLE_LINK1081][bookmark: OLE_LINK1082][bookmark: OLE_LINK1083]The new ResumeCause values should at least indicate the UE status with regard to whether the UE is performing the SDT or the legacy RRC resume procedure, and whether UE needs subsequent data transmissions following the SDT in the uplink direction, in order to address the issue described in Observation 3. The new ResumeCause value may also facilitate the serving gNB to determine whether UE is performing the SDT or the legacy RRC resume in case the RACH resources are not fully separated between the SDT-RACH and normal RACH, which is possible (from the implementation perspective) according to the agreements made in RAN2#112_e and RAN2#113_e, captured in the following.

	Agreements in RAN2#112_e:
10: As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed



	Agreements in RAN2#113_e:
1: RAN2 continues to progress the work based the separate RACH resources for SDT (i.e. explicit mechanisms to support common resources won’t be pursued unless there is sufficient support for this. However, use of common RACH resources will not be precluded if possible via implementation



In addition, as some companies pointed out in the email discussion “[Post114-e][507][SData] Non-SDT data arrival handling (Intel)” [2] that the RRC resume request message might need to provide an explicit indication to allow gNB to differentiate the 1st and 2nd resume request message in case the CCCH approach is taken while handling the arrival of non-SDT traffic during the SDT procedure, the new ResumeCause value may also serve for this purpose and indicate whether the RRC resume procedure is triggered by the SDT or by the non-SDT traffic.
Proposal 2: The new RRC ResumeCause values provide the indication regarding whether UE: 1) is performing SDT or not, 2) needs subsequent data transmission or not, and 3) detects the arrival of non-SDT traffic or not.

UL transmission opportunities after RRCRelease
Assuming anchor gNB decides to perform the anchor relocation upon receiving the Retrieve UE Context Request from the serving gNB, the serving gNB then establishes a new data route to the CN and prepares the new RNA/security/SDT configurations for UE. However, if the SDT procedure is extended by subsequent data transmissions, the new RNA/security/SDT configurations would be delivered to UE with some delay, whose length depends on the number of subsequent data transmissions taken place. As a result, UE could still apply the original/stored RNA/security/SDT configurations (which is out-of-date from the network perspective) for an extended period, which may further result in some unexpected/undesired behaviors at the UE side. For instance, UE may perform an RNAU based on the original/stored RNA configuration, or perform a legacy RRC resume procedure based on the original/stored SDT configuration. All these unexpected/undesired could result in more signaling overheads and hence should be prevented. Sending RRCRelease to UE at the earliest timing can avoid having such issue, but since it also ends the SDT procedure immediately, UE may need to initiate another RACH-based SDT later to resume transmitting the SDT data remained in UE’s buffer at upper layers.
Another scenario that needs to send RRCRelease to UE in the middle of an SDT is when the network (serving or anchor gNB) decides to transition the UE into CONNECTED state and perform the anchor relocation in the middle of an SDT procedure (that did not trigger the anchor relocation), as discussed in the email discussion “[Post114-e][507][SData] Non-SDT data arrival handling (Intel)” [2]. In this scenario, most of the companies think the network should first send the UE back to INACTIVE (probably with updated suspendConfig configurations), and then let the UE trigger the RRC resume procedure again to enter CONNECTED state.
Observation 5: gNB may end the on-going SDT procedure and send RRCRelease to UE, even it knows that UE needs further uplink grants to clear it uplink data accumulated at the UE buffer.
In order to mitigate the delay and RACH congestion/collision caused by UE initiating anther RA procedure soon after receiving RRCRelease, UE can be provided with an UL transmission opportunity, or be indicated/instructed to continue monitoring the PDCCH for a certain period of time (in order to obtain the UL transmission opportunity) in the received RRCRelease. 
Proposal 3: Introduce a new IE in the suspendConfig of RRCRelease, which allocates an one-shot dynamic UL grant (in PUSCH) that UE can utilize, or instructs UE to continue monitoring the PDCCH for a certain period of time.
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Figure 3. The updated RNA/security/SDT configurations may be delivered to UE with some delay due to subsequent data transmissions.

Conclusion
In this paper, several observations are made with regard to the issues that gNB may not have sufficient information supporting it to make the anchor relocation decision, and UE may trigger another RA procedure soon after the termination of the current SDT procedure. 
Observation 1: Upon receiving the Retrieve UE Context Request message, the anchor gNB may not be able to distinguish whether UE is performing the SDT or the legacy resume procedure.
Observation 2: Upon receiving the Retrieve UE Context Request message, the anchor gNB does not know whether UE needs subsequent data transmissions for SDT in the uplink direction.
Observation 3: Anchor gNB could make anchor relocation decision inappropriately if it is not aware that UE is performing SDT or UE needs subsequent data transmissions for SDT in the uplink direction.
Observation 4: The ResumeCause is delivered to the serving gNB via RRCResumeRequest/RRCResumeRequest1, and is then passed to the anchor gNB via Retrieve UE Context Request. Hence the information provided via the ResumeCause is known to both the serving and anchor gNB.
Observation 5: gNB may end the on-going SDT procedure and send RRCRelease to UE, even it knows that UE needs further uplink grants to clear it uplink data accumulated at the UE buffer.
Based on the observations, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1: Introduce new ResumeCause values in RRCResumeRequest/RRCResumeRequest1 for the SDT purpose. These new ResumeCause values are only available in the RRC and can be used by the RRC to replace the ResumeCause value provided by NAS.
Proposal 2: The new RRC ResumeCause values provide the indication regarding whether UE: 1) is performing SDT or not, 2) needs subsequent data transmission or not, and 3) detects the arrival of non-SDT traffic or not.
Proposal 3: Introduce a new IE in the suspendConfig of RRCRelease, which allocates an one-shot UL grant (in PUSCH) that UE can utilize, or instructs UE to continue monitoring the PDCCH for a certain period of time.
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