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1
Discussion
1.1
Overview

TR 23.724 clause 8.2 lists the following solutions as candidates for normative work for infrequent small data: 5, 7, 19, 29, 36, 41. The following section summarizes the key characteristics of each of those solutions followed by section 3, which proposes a way forward for infrequent small data support taking those characteristics into account.
1.2
Solution overview

-
Solution 5 proposes to send MO small data together with an indication of the target UPF and the UL-TEID to the RAN, which in turn forwards the data to that UPF. Security is provided by a per PDU session security association between UE and UPF, i.e. AS security is not used. For MT data a procedure similar to paging in CM-IDLE state is used. The solution impacts both RAN and CN to support the fast-path model; the UE is impacted due to the need to additionally support a per PDU session security association with the UPF.
-
Solution 7 proposes two aspects: (1) to extend RRC-INACTIVE as specified in Rel-15 by support for early data (sending of UL data in Message 3 for UEs in RRC-INACTIVE) and (2) to re-build CM-IDLE state and related HLCom functionality in CM-CONNECTED state with RRC-INACTIVE to support eDRX with long sleep cycles in RRC-INACTIVE. Supporting early data for RRC-INACTIVE has only very limited system impact (UE, RAN and AMF). In contrast to this, RAN and CN impact to support long sleep cycles in RRC-INACTIVE is significant (due to the need to make AMF, SMF and UPF aware about the unreachability of the UE to make the CN behave as if the UE was in CM-IDLE state while the UE is actually in CM-CONNECTED state).
-
Solution 19 proposes to introduce 5G UP optimization similar to EPS UP optimization, i.e. to enable the RAN to suspend the UE's RRC connection, to store the AS context in the RAN and to resume the RRC connection when small data needs to be sent to avoid the full service request procedure. In comparison to EPS UP optimization an additional enhancement has been proposed: avoiding to fully resume the RRC connection if the UE sends a single UL packet only (indicated by AS Release Assistance Indication). As the UE is in CM-IDLE state when its RRC connection has been suspended, the solution can be easily combined with eDRX with long sleep cycles and the related HLCom mechanisms for CM-IDLE. The solution has limited impact to UE, RAN and CN.
-
Solution 29 proposes to send UL small data together with UPF CL Service information (UCLSI) to the RAN. The RAN in turn looks up the target UPF by performing a DNS look-up using the UCLSI and forwards the data to the UPF using a shared tunnel. To identity the UE and PDU session the small data belongs to within the shared tunnel, the UCLSI is included as additional header information. For MT data the UPF keeps track of the last known RAN node serving a UE. Until a UE Location Freshness Timer elapses, the UPF sends DL data to this last known RAN node. If the UE is not reachable in this last known RAN node, the DL data will be dropped and the UE will be paged to determine its new serving RAN node. The solution has significant RAN and CN impact due to the proposed "connectionless" approach and the shared N3 tunnel model; the UE is impacted due to the need to additionally support a per PDU session security association with a UPF.
-
Solution 36 proposes to leverage RRC-INACTIVE with two enhancements for frequent small data: (1) to enable the RAN to avoid switching the N3 tunnel to the new RAN node by establishing a data forwarding tunnel between old and new RAN nodes; and (2) to enable removing UP resources locally in the RAN, i.e. without paging the UE, in case of CN-initiated PDU session deactivation when the UE is in RRC-INACTIVE. While (1) only impacts the RAN, (2) also impacts the AMF. The solution has unresolved issues documented in various Editor's notes.
-
Solution 41 illustrates how RRC-INACTIVE as defined in Rel-15 can be combined with 5G UP optimization (see solution 19 above) and eDRX to efficiently support bursty frequent small data. The key idea is to use RRC-INACTIVE (combined with short eDRX sleep cycles as needed) while a frequent small data burst is sent; during a silence period (i.e. in-between two bursts) the UE's RRC connection is suspended and long eDRX sleep cycles can be applied as needed. To reduce over-the-air signaling when the next frequent small data bursts begins, i.e. when the UE sends small data from CM-IDLE, solution 19 is proposed to be used. The impacts are the same as for solution 19.
1.3
Conclusion

1.3.1
Overview

The solutions summarized in the previous section can be broadly categorized as follows:

-
Enhancements for RRC-INACTIVE

-
Connectionless/fast-path approach

-
5G UP optimization based solutions

1.3.2
Enhancements for RRC-INACTIVE

As illustrated in section 1.2 various solutions suggest that RRC-INACTIVE is one starting point to support frequent small data and propose the following enhancements:

-
Support of early data for RRC-INACTIVE: This enhancement allows for further reduction of over-the air-signaling by allowing small data to be sent in Message 3 already, which is going to benefit especially frequent single UL and single UL/single DL scenarios. Given that the system impact is also limited, it is proposed to select this enhancement for normative work.
-
Support of long eDRX cycles in CM-CONNECTED with RRC-INACTIVE: This enhancement comes significant RAN and CN impact due to the need to make AMF, SMF and UPF aware about the unreachability of the UE to make the CN behave as if the UE was in CM-IDLE state while the UE is actually in CM-CONNECTED state). At the same time the need to support long eDRX cycles in CM-CONNECTED is not obvious as also illustrated in [1]. Therefore it is proposed to not select this enhancement for normative work.

-
Avoiding N3 tunnel switch by data forwarding between new and old RAN nodes: This proposal could potentially be useful to avoid frequent N3 tunnel switching, especially for frequent single UL or single UL/DL scenarios. However, at the time of writing this solution still has some open issues. It is also unclear which scenarios would really benefit from the forwarding tunnel. For instance in case of a single UL packet only, the target RAN node may also be able to forward a single UL packet to the UPF directly based on information contained in the AS context. It is worth mentioning that this proposal has significant RAN 3 dependencies. Therefore it is proposed to send an LS to RAN3 to illustrate the scenario and ask for RAN3's guidance.

Avoiding paging during PDU session deactivation in RRC-INACTIVE: The benefit of this proposal is minor since paging a UE which is sending data frequently is no significant burden; also, CIoT UEs are not expected to have many PDU sessions in parallel anyhow. In other words, PDU session deactivation can be assumed to happen very rarely for CIoT UEs. Therefore it is proposed to not select this enhancement for normative work.

1.3.3
Connectionless/Fast-path approach
It is important to compare the solutions of this category (solution 5 and solution 29) with RRC-INACTIVE as defined in Rel-15 taking into account some of the enhancements to RRC-INACTIVE discussed in the previous section (support of early data for RRC-INACTIVE and avoiding N3 tunnel switch by data forwarding between new and old RAN nodes).

Early data, which has been added to EPS in Rel-16 and which is proposed for RRC-INACTIVE (and 5G UP optimization) allows the UE to send UL data in Message 3. Compared to early data, solutions 5 and 29 do not offer any over the air signaling benefits.
For MO scenarios solution 29 avoids N2 signaling for MO data. However, the same can be achieved by the RRC-INACTIVE enhancement proposed in solution 36, which avoids N3 tunnel switch (and hence the related N2 signaling) by data forwarding between new and old RAN nodes. Solution 5 as per the current solution description always establishes an N2 connection for MO data, i.e. will lead to more signaling than solution 29 or RRC-INACTIVE with the aforementioned data forwarding enhancement. The main benefit of solution 5 is that N11 and N4 signaling for re-establishing an N3 tunnel for MO data (and subsequent DL data) is avoided. However, this can also be achieved by the aforementioned RRC-INACTIVE enhancement. In summary, for MO data solution 5 and 29 do not save any N2 and CN internal compared to enhancing RRC-INACTIVE to avoid tunnel switching.
For MT scenarios and if the fast path is not active, solution 5 is similar to DL data handling in CM-IDLE in terms of CN internal and RAN-CN signaling overhead. The same applies to solution 29 if the UCLSI state is "not reachable" in the UPF. Both solutions allow the UPF to remember the last known RAN node and forward DL data to that RAN node for a while to avoid having to page the UE for DL data. However, this requires to keep the UE in RRC-CONNECTED state (or a similar state for solution 29, which has omitted RRC details in the solution description). As a consequence it can be assumed that the related timers will be kept short to avoid unnecessary battery drain. It is also worth mentioning that UE mobility negatively impacts sending data to the last known RAN node: if the UE is not reachable in the last known RAN node, solution 29 proposes to drop the DL data and page the UE. This means that DL data is likely to often require retransmissions if a UE is changing RAN nodes frequently. In conclusion, the benefit of sending data to the last known RAN node is limited and will typically only help for DL data triggered by UL data. More importantly, for MT scenarios RRC-INACTIVE (especially when combined with the proposal to avoid path switch by data forwarding between new and old RAN nodes) offers the same benefits as solutions 5 and 29 since the UPF can forward DL data directly to the RAN, which in turn can deliver the data to the UE.
In conclusion, it is proposed to not select solution 5, solution 29 and solution 36 for normative work.
1.3.4
5G UP optimization based solutions
RRC-INACTIVE, specifically when combined with some of the enhancements discussed in section 1.3.2 to further reduce over-the-air and network-internal signaling overhead, is a good fit for truly frequent small data. Although not the most important goal for frequent small data (which anyhow has a high battery power demand), also a certain level of UE power saving can be achieved by enabling short eDRX sleep cycles in RRC-INACTIVE as proposed in [2].
However, to efficiently address bursty frequent small data scenarios, i.e. scenarios where frequent small data occurs in bursts with significantly long silence periods in-between the bursts, solutions are required to enable UE power saving during those silence periods. As discussed in [1] and [2], long eDRX cycles cannot be supported efficiently in CM-CONNECTED with RRC-INACTIVE (due to the significant system impact); instead, the UE should be moved to CM-IDLE instead to leverage long eDRX sleep cycles. This has also been confirmed by the related conclusion of key issue 4 during SA2#129.
To reduce over-the-air signaling when the UE sends small data from CM-IDLE, 5G UP optimization (solution 19) has been proposed, which avoids the Service Request procedure by suspending and resuming the UE's RRC connection (and storing the UE's AS context in the RAN). The additional enhancement proposed in comparison to EPS UP optimization, namely to avoid fully resuming the RRC connection if the UE sends a single UL packet only (indicated by AS Release Assistance Indication), has the additional benefit that N11 and N4 signaling for re-establishing an N3 tunnel can be completely avoided.

Solution 41 in turn combines 5G UP optimization with RRC-INACTIVE to jointly ensure that bursty frequent small data can be sent with minimal signaling overhead while extended DRX sleep cycles ranging from a few seconds to hours can be supported without causing significant system impacts
The similarity of 5G UP optimization and EPS UP optimization is another benefit worth mentioning since it enables CIoT devices that support both EPC and 5GC connectivity to use the same approach for sending UP-based small data while also reducing over the air signaling overhead by avoiding a full service request.
In conclusion it is proposed to select solution 41 (which includes 5G UP optimization as defined in solution 19) for normative work.
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3
Proposal

The following changes are proposed for TR 23.724.
*** Start of changes ***

7.2
Key Issue 2: Frequent small data communication

7.2.1
Overview
The following solutions are addressing key issue 2:

-
Solution 5 proposes to send MO small data together with an indication of the target UPF and the UL-TEID to the RAN, which in turn forwards the data to that UPF. Security is provided by a per PDU session security association between UE and UPF, i.e. AS security is not used. For MT data a procedure similar to paging in CM-IDLE state is used. The solution impacts both RAN and CN to support the fast-path model; the UE is impacted due to the need to additionally support a per PDU session security association with the UPF.
-
Solution 7 proposes two aspects: (1) to extend RRC-INACTIVE as specified in Rel-15 by support for early data (sending of UL data in Message 3 for UEs in RRC-INACTIVE) and (2) to re-build CM-IDLE state and related HLCom functionality in CM-CONNECTED state with RRC-INACTIVE to support eDRX with long sleep cycles in RRC-INACTIVE. Supporting early data for RRC-INACTIVE has only very limited system impact (UE, RAN and AMF). In contrast to this, RAN and CN impact to support long sleep cycles in RRC-INACTIVE is significant (due to the need to make AMF, SMF and UPF aware about the unreachability of the UE to make the CN behave as if the UE was in CM-IDLE state while the UE is actually in CM-CONNECTED state).
-
Solution 19 proposes to introduce 5G UP optimization similar to EPS UP optimization, i.e. to enable the RAN to suspend the UE's RRC connection, to store the AS context in the RAN and to resume the RRC connection when small data needs to be sent to avoid the full service request procedure. In comparison to EPS UP optimization an additional enhancement has been proposed: avoiding to fully resume the RRC connection if the UE sends a single UL packet only (indicated by AS Release Assistance Indication). As the UE is in CM-IDLE state when its RRC connection has been suspended, the solution can be easily combined with eDRX with long sleep cycles and the related HLCom mechanisms for CM-IDLE. The solution has limited impact to UE, RAN and CN.
-
Solution 29 proposes to send UL small data together with UPF CL Service information (UCLSI) to the RAN. The RAN in turn looks up the target UPF by performing a DNS look-up using the UCLSI and forwards the data to the UPF using a shared tunnel. To identity the UE and PDU session the small data belongs to within the shared tunnel, the UCLSI is included as additional header information. For MT data the UPF keeps track of the last known RAN node serving a UE. Until a UE Location Freshness Timer elapses, the UPF sends DL data to this last known RAN node. If the UE is not reachable in this last known RAN node, the DL data will be dropped and the UE will be paged to determine its new serving RAN node. The solution has significant RAN and CN impact due to the proposed "connectionless" approach and the shared N3 tunnel model; the UE is impacted due to the need to additionally support a per PDU session security association with a UPF.

-
Solution 36 proposes to leverage RRC-INACTIVE with two enhancements for frequent small data: (1) to enable the RAN to avoid switching the N3 tunnel to the new RAN node by establishing a data forwarding tunnel between old and new RAN nodes; and (2) to enable removing UP resources locally in the RAN, i.e. without paging the UE, in case of CN-initiated PDU session deactivation when the UE is in RRC-INACTIVE. While (1) only impacts the RAN, (2) also impacts the AMF. The solution has unresolved issues documented in various Editor's notes.

-
Solution 41 illustrates how RRC-INACTIVE as defined in Rel-15 can be combined with 5G UP optimization (see solution 19 above) and eDRX to efficiently support bursty frequent small data. The key idea is to use RRC-INACTIVE (combined with short eDRX sleep cycles as needed) while a frequent small data burst is sent; during a silence period (i.e. in-between two bursts) the UE's RRC connection is suspended and long eDRX sleep cycles can be applied as needed. To reduce over-the-air signaling when the next frequent small data bursts begins, i.e. when the UE sends small data from CM-IDLE, solution 19 is proposed to be used. The impacts are the same as for solution 19.
These solutions can be broadly categorized as follows:

-
Enhancements for RRC-INACTIVE

-
Connectionless/fast-path approach

-
5G UP optimization based solutions

7.2.2
Enhancements for RRC-INACTIVE

As illustrated in the previous clause, various solutions suggest that RRC-INACTIVE is one starting point to support frequent small data and propose the following enhancements:

-
Support of early data for RRC-INACTIVE: This enhancement allows for further reduction of over-the air-signaling by allowing small data to be sent in Message 3 already, which is going to benefit especially frequent single UL and single UL/single DL scenarios. Given that the system impact is also limited, it is proposed to select this enhancement for normative work.

-
Support of long eDRX cycles in CM-CONNECTED with RRC-INACTIVE: This enhancement comes significant RAN and CN impact due to the need to make AMF, SMF and UPF aware about the unreachability of the UE to make the CN behave as if the UE was in CM-IDLE state while the UE is actually in CM-CONNECTED state). At the same time the need to support long eDRX cycles in CM-CONNECTED is not obvious as also illustrated in [1]. Therefore it is proposed to not select this enhancement for normative work.

-
Avoiding N3 tunnel switch by data forwarding between new and old RAN nodes: This proposal could potentially be useful to avoid frequent N3 tunnel switching, especially for frequent single UL or single UL/DL scenarios. However, at the time of writing this solution still has some open issues. It is also unclear which scenarios would really benefit from the forwarding tunnel. For instance in case of a single UL packet only, the target RAN node may also be able to forward a single UL packet to the UPF directly based on information contained in the AS context. It is worth mentioning that this proposal has significant RAN 3 dependencies. Therefore it is proposed to send an LS to RAN3 to illustrate the scenario and ask for RAN3's guidance.

Avoiding paging during PDU session deactivation in RRC-INACTIVE: The benefit of this proposal is minor since paging a UE which is sending data frequently is no significant burden; also, CIoT UEs are not expected to have many PDU sessions in parallel anyhow. In other words, PDU session deactivation can be assumed to happen very rarely for CIoT UEs. Therefore it is proposed to not select this enhancement for normative work.

1.3.3
Connectionless/Fast-path approach
It is important to compare the solutions of this category (solution 5 and solution 29) with RRC-INACTIVE as defined in Rel-15 taking into account some of the enhancements to RRC-INACTIVE discussed in the previous section (support of early data for RRC-INACTIVE and avoiding N3 tunnel switch by data forwarding between new and old RAN nodes).

Early data, which has been added to EPS in Rel-16 and which is proposed for RRC-INACTIVE (and 5G UP optimization) allows the UE to send UL data in Message 3. Compared to early data, solutions 5 and 29 do not offer any over the air signaling benefits.

For MO scenarios solution 29 avoids N2 signaling for MO data. However, the same can be achieved by the RRC-INACTIVE enhancement proposed in solution 36, which avoids N3 tunnel switch (and hence the related N2 signaling) by data forwarding between new and old RAN nodes. Solution 5 as per the current solution description always establishes an N2 connection for MO data, i.e. will lead to more signaling than solution 29 or RRC-INACTIVE with the aforementioned data forwarding enhancement. The main benefit of solution 5 is that N11 and N4 signaling for re-establishing an N3 tunnel for MO data (and subsequent DL data) is avoided. However, this can also be achieved by the aforementioned RRC-INACTIVE enhancement. In summary, for MO data solution 5 and 29 do not save any N2 and CN internal compared to enhancing RRC-INACTIVE to avoid tunnel switching.
For MT scenarios and if the fast path is not active, solution 5 is similar to DL data handling in CM-IDLE in terms of CN internal and RAN-CN signaling overhead. The same applies to solution 29 if the UCLSI state is "not reachable" in the UPF. Both solutions allow the UPF to remember the last known RAN node and forward DL data to that RAN node for a while to avoid having to page the UE for DL data. However, this requires to keep the UE in RRC-CONNECTED state (or a similar state for solution 29, which has omitted RRC details in the solution description). As a consequence it can be assumed that the related timers will be kept short to avoid unnecessary battery drain. It is also worth mentioning that UE mobility negatively impacts sending data to the last known RAN node: if the UE is not reachable in the last known RAN node, solution 29 proposes to drop the DL data and page the UE. This means that DL data is likely to often require retransmissions if a UE is changing RAN nodes frequently. In conclusion, the benefit of sending data to the last known RAN node is limited and will typically only help for DL data triggered by UL data. More importantly, for MT scenarios RRC-INACTIVE (especially when combined with the proposal to avoid path switch by data forwarding between new and old RAN nodes) offers the same benefits as solutions 5 and 29 since the UPF can forward DL data directly to the RAN, which in turn can deliver the data to the UE.

In conclusion, it is proposed to not select solution 5, solution 29 and solution 36 for normative work.
1.3.4
5G UP optimization based solutions
RRC-INACTIVE, specifically when combined with some of the enhancements discussed in section 1.3.2 to further reduce over-the-air and network-internal signaling overhead, is a good fit for truly frequent small data. Although not the most important goal for frequent small data (which anyhow has a high battery power demand), also a certain level of UE power saving can be achieved by enabling short eDRX sleep cycles in RRC-INACTIVE as proposed in [2].

However, to efficiently address bursty frequent small data scenarios, i.e. scenarios where frequent small data occurs in bursts with significantly long silence periods in-between the bursts, solutions are required to enable UE power saving during those silence periods. As discussed in [1] and [2], long eDRX cycles cannot be supported efficiently in CM-CONNECTED with RRC-INACTIVE (due to the significant system impact); instead, the UE should be moved to CM-IDLE instead to leverage long eDRX sleep cycles. This has also been confirmed by the related conclusion of key issue 4 during SA2#129.

To reduce over-the-air signaling when the UE sends small data from CM-IDLE, 5G UP optimization (solution 19) has been proposed, which avoids the Service Request procedure by suspending and resuming the UE's RRC connection (and storing the UE's AS context in the RAN). The additional enhancement proposed in comparison to EPS UP optimization, namely to avoid fully resuming the RRC connection if the UE sends a single UL packet only (indicated by AS Release Assistance Indication), has the additional benefit that N11 and N4 signaling for re-establishing an N3 tunnel can be completely avoided.

Solution 41 in turn combines 5G UP optimization with RRC-INACTIVE to jointly ensure that bursty frequent small data can be sent with minimal signaling overhead while extended DRX sleep cycles ranging from a few seconds to hours can be supported without causing significant system impacts
The similarity of 5G UP optimization and EPS UP optimization is another benefit worth mentioning since it enables CIoT devices that support both EPC and 5GC connectivity to use the same approach for sending UP-based small data while also reducing over the air signaling overhead by avoiding a full service request.
In conclusion it is proposed to select solution 41 (which includes 5G UP optimization as defined in solution 19) for normative work.
*** Next change ***

8.2
Key Issue 2: Frequent small data communication

The following enhancements to RRC-INACTIVE are recommended for normative work:

-
Support of early data for RRC-INACTIVE as defined in clause 6.7.4.1.2
In addition, solution 41 (which includes 5G UP optimization as defined in solution 19) is recommended for normative work. In line with the evaluation of solution 19, the CN-initiated UP Deactivation procedure (clause 6.19.4.5) that is described as part of solution 19 is not recommended for normative work.

NOTE:
Support of RDS will be decided as part of the conclusion for key issue 8.
*** End of changes ***
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