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1. Introduction
In release 14, SA2 introduced functionality for DL NAS acknowledgements to support end-to-end reliable transmission from SCEF to UE [1]. Later, RAN3 implemented the S1 hop acknowledgement functionality [2] as part of the overall flows as documented in TS 23.401 sections 5.3.4B.2 and 5.3.4B.3, and TS 23.682 section 5.13.3.
However, the RAN3 CR did not implement the support indicator sent by the eNB in the Initial UE Message, as described in TS 23.401. In RAN3#97, a CR was not agreed which aimed to fill this gap [3]. Meanwhile, SA2 also discussed the same topic, and decided to send an LS to RAN3 [4]. The LS requests RAN3 to inform SA2 “if such an indication [note: eNB support indication] has been reflected in the Stage 3 specification. If not, please provide feedback so that Stage 2 and Stage 3 specifications can be aligned.”
This document considers the issue raised and possible ways to resolve it.
2. Review of issue
2.1 SA2 flow detail
Initially, the above mentioned two flows in TS 23.401 comprise the following:

The NAS PDU sent in step 1 is relayed to the MME by the eNodeB using a S1-AP Initial UE message with an indication if the eNodeB supports acknowledgments for downlink NAS data PDUs.

Later on, following receipt of a DL NAS Message, we have:
The eNodeB sends a NAS Delivery indication to the MME if requested. If the eNodeB reports an unsuccessful delivery with an S1-AP NAS Non Delivery Indication, the MME should wait for some time until the UE has potentially changed cell and re-established contact with the MME, by which MME should resend the Downlink S1-AP message to the eNodeB, otherwise the MME reports an unsuccessful delivery to the SCEF in case of T6a procedure (see TS 23.682 [74], clause 5.13.3). If the eNodeB reports a successful delivery with an S1-AP NAS Delivery Indication and if the Downlink data was received over the T6a interface, the MME should respond to the SCEF (see TS 23.682 [74], clause 5.13.3). If the eNodeB does not support S1-AP NAS delivery indications, the MME indicates a cause code 'Success Unacknowledged Delivery' to the SCEF otherwise 'Success Acknowledged Delivery', for the SCEF to know if reliable delivery was possible or not.

The actions are very clear, however today the upstream indicator will never be sent, and hence the MME’s actions are not obvious. Some fix is therefore needed, the only question is whether it should cover RAN3 or SA2 specifications, or both.
2.2 Purpose of the Indicator

The use of the indicator is somewhat unusual in several respects:

· Generally, eNB capabilities are not directly signalled in S1AP. Capability mismatch should be avoided via deployment and configuration; in some cases (e.g. CSG) criticality can be used to identify such mismatch.
· Even if capabilities were to be signalled, they would be expected to be static and hence signalling at every single Initial UE Message appears to be highly redundant. 

So, one open question is whether the indicator really signals static capability (as suggested in the TS 23.401 text and SA2 CR [1]); or whether it means to indicate an offer by the eNB to provide reliable acknowledgement service for this UE / transaction. The second case seems more in line with the signalling provided, and would enable the eNB to decide (given existing resources) whether the service should be offered to the MME in each instance.
2.3 MME Use Cases
The second paragraph quoted in section 2.1 can be used to extract the MME use cases, summarized below

	MME knows whether the eNB will provide this functionality (for all or a particular UE, or even a particular PDU)
	If not, MME always responds to SCEF with cause “'Success Unacknowledged Delivery”; else one of the below applies (MME waits for a response after sending DL NAS TRANSPORT)

	MME receives NAS DELIVERY INDICATION indication
	MME responds to SCEF with cause “Success Acknowledged Delivery”

	MME receives NAS NON-DELIVERY INDICATION
	MME waits / retries and if eventually it fails, it responds to SCEF with cause “Unsuccessful delivery”


From this table, it is critical that the MME knows whether it will receive further messages from the eNB when it sends the DL NAS TRANSPORT message (i.e. “MME acknowledgement awareness”). The question is how to do this – which is related to whether this is an eNB capability or a eNB decision. The next section lists several possible options.

Observation 1: The critical design requirement is that the MME should know whether the eNB will provide responses (delivery or non-delivery).

3.  MME acknowledgement awareness
Option A: Current SA2 flow
The eNB sends an indicator to the MME with the INITIAL UE MESSAGE, and the MME can therefore expect to receive NAS delivery on non-delivery indication when it makes a request (else if the indicator is not provided, the MME responds to the SCEF with cause “'Success Unacknowledged Delivery”).
Note that the eNB may in fact send many of these indicators for UEs whose activity does not require reliable delivery. Hence the eNB does not seem able to control the load on “reliable delivery”, i.e. the indicator can be seen as a static support. At most, the eNB could withhold the indicator in case of resource overload.

The solution works as is but it requires a RAN3 CR like the proposal in [3]. However, if this is resubmitted, it may be good to establish that the indicator signals to the MME that the eNB can support reliable delivery “for this UE”. Some similar phraseology could be used in the SA2 flows. It is then up to eNB implementation when the indicator is provided.
Option B: OAM settings
In this case either:

- all eNBs under an MME support the feature (i.e. MME always expects a response), or

- the MME is configured with the eNB IDs (or TAs) that support the feature

Either way, the MME knows of the eNB support (or lack of it), and issues acknowledgement requests to supporting eNBs. For non-supporting eNBs, the MME immediately responds to the SCEF with cause “'Success Unacknowledged Delivery”.

The impact of this solution is solely on TS 23.401: the mention of an indicator in the INITIAL UE MESSAGE would need to be removed, and some different phraseology should be used to describe when the MME decides to request the acknowledgement (involving UE subscription and knowledge of eNB support).

Option C: Per-PDU behaviour using criticality

In this case, the criticality of the DL NAS PDU Delivery Acknowledgment Request IE should be changed to “reject” (late ASN.1 change), or perhaps to “ignore and notify”.
The case of “ignore and notify” is probably the best performing – the MME receives an error indication from non-supporting eNBs (i.e. earlier versions, or that are set to “not understand” the IE), while the eNB continues normal NAS delivery. Meanwhile the MME is immediately able to respond to the SCEF with cause “'Success Unacknowledged Delivery”, once it receives the error indication flagging the Ack Request IE.

This option enables operation with mixes of release without configuration, and could even enable eNBs to decide on whether to provide reliable delivery service on a PDU-by-PDU basis. The impact is a late change of ASN.1, and a modification in the SA2 flow (this could be simplified since the support / non-support would be a stage 3 issue).

Option D: Per-PDU behaviour using signalling

The NAS DELIVERY INDICATION message could be further enhanced in a backward compatible manner by adding to it a new IE, and specifying that the eNB supporting this message should send it to MME (when the MME requests reliable delivery) even if it does not wish to provide an acknowledgement. The IE could have two values

- “Success ack”, or

- “Success unack”

i.e., similarly to the signalling towards the SCEF. With this, a compliant release 14 eNB will always send a message to the MME irrespective of whether it is providing reliable delivery or not – which would be completely at the eNB’s discretion on a per-PDU basis. The message received at the MME could immediately be translated into one of the 3 possible cause values towards the SCEF.

The MME could quickly identify non-supporting or earlier release eNBs as those that provide no message in response. The impact is a backward compatible change in ASN.1 (although a mix of release 14 versions could be a problem), and also new MME behaviour; while the SA2 flow could be somewhat simplified. 
4. Discussion
The previous section has described several options to enable MME awareness of reliable delivery in the RAN. One main difference between these options is the granularity allowed to the eNB, i.e.
· Per-PDU granularity: options C and D

· Per-UE granularity: option A

· No granularity (static): Option B

It is not clear whether per-PDU granularity is required; and additionally options C and D are those that have most impact on release 14 specifications. At the other extreme, option B has no stage 3 impact, but has no support for the eNB to decide not to offer reliable delivery based e.g. on resource considerations. Then the main issue with option A seems to be the implication of signalling static “eNB capability” in stage 2 (TS 23.401).

However, provided this can be modified (as described above), then option A could provide a good compromise with low specification impact, while allowing some freedom to eNB implementations as to when to set the indicator.
Proposal: Adopt the current SA2 flow, and agree a RAN3 CR similar to [3], with the change that the indicator signals to the MME that the eNB can support reliable delivery “for this UE”, and reply to SA2 with a recommendation for a similar change in stage 2.
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