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Abstract of the contribution: Discusses the system impacts from Early Data Transmission feature of RAN. 
1. Introduction
SA2 has received two LSs from RAN2 on EDT [1,2]. The first LS [1] was discussed and answered in SA2#123 and as far as SA2 is concerned indicated in [3] that there is no need to provide certain parameters in Msg3, where these parameters may be provided today via Msg5. The second LS [2] discusses procedures for EDT as well as AS/NAS interactions.

This paper discusses the issues raised by the second LS [2], considering also the resulting Core network procedure impact.

2. Discussion of EDT Procedures

Following the second LS in [2], RAN2 envisages the flow shown below:
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Some points to note are:

· RRC messages may be the same as legacy, or new

· S1AP messages / flows are to be determined by RAN3

· In steps 4-6, it is assumed that there will be a decision to send UE to connected mode, or back to idle (which node triggers such actions is FFS)

· Step 7.1 can be used to communicate the eventual state to the UE (as in 7.2), and may also carry data and CP Service Request Accept to the UE even if the UE moves to idle state.

· The presence of both steps 4.1.2 and 5.1 cannot be justified (as in the RAN2 document) by the need to acquire UE capabilities, since the MME should already have these, and passing these to the eNB may be done with either procedure. Therefore we expect that the choice of first DL procedure would depend (as in legacy CP CIoT EPS Optimisation) on whether there is DL data to send at the point of establishing the S1 connection.

Then RAN2 highlights some aspects requiring discussion and feedback, specifically

2.1 Considerations for response LS

We consider only issues 1 and 2 in scope of SA2 (3, 4 are in scope of RAN2/CT1, and 5 that we consider in scope of RAN3):

Issue #1: The MME should normally be in control of whether the UE is connected or not. It is assumed that the UE triggers EDT because it has data to send. Therefore, the decision on whether to keep the UE connected depends on the expected DL data activity (NAS response or pending data). 

For the case of CP CIoT EPS optimisation, the MME decision is facilitated by the presence of Release Assistance Information in existing flows in clause 5.3.4B of TS 23.401. One option therefore is to use the existing Release Assistance Indication of NAS PDU. With this, the MME would have a good picture of the data activity (expected and actual), and would be able to decide on whether the UE should be moved to connected mode or not. 
The MME can therefore

· Decide which procedure to use depending on whether it has data to send at the point of responding

· Decide whether to include the “End Indicator” depending on whether it expects further DL (or UL data), or not.

It is anyway assumed that the eNB would be running a timer and may decide to send Msg4 to the UE in case of non-receipt of an S1 message in time. In this case the safe action would be for the eNB to set up the RRC connection; then, if the MME eventually responds with an “End Indicator”, the eNB can initiate the release.

For the case of UP CIoT EPS optimisation, the situation is different because the MME does not have direct visibility of the user plane, nor does it have access to Release Assistance Indication. In this case, there does not seem to be any use case for an “End Indicator” from the MME. The eNB could default to setting up the RRC connection after resumption, and proceed as normal thereafter (i.e. suspend on inactivity).

Observation 1: An “End Indicator" from the MME to the eNB seems beneficial for CP CIoT EPS optimisation, but not for UP CIoT EPS optimisation.
Observation 2: Provision of Release Assistance Indication would also be useful in this case for CP CIoT EPS optimisation.

Observation 3: In case of no timely response from the MME, or timely response without an “End Indicator”, it is safer for the eNB to proceed to set up the RRC connection.


Issue #2: Even if the Release Assistance Indication is provided to the MME in the NAS PDU encapsulated in Msg3, the range of possible behaviours in the MME is still quite wide, and it is quite possible that the MME will be slower to respond than ideal if not aware that EDT is/was used.

The second aspect is that, if the MME is not EDT aware (e.g. legacy) and there is the option of an "End Indicator", then the MME would have to use this indicator all the time, i.e. for release or continuation in non-EDT flows. This causes possible less optimal performance for legacy CP CIoT EPS optimisation supporting MME, e.g. having sent an “End Indicator” the MME may have no urgency to terminate the S1 connection (may even now wait for S1 Release Request from the eNB), while either (1) the eNB interprets this as a trigger to release, which is a new flow for normal CP CIoT EPS optimisation, or (2) the eNB ignores the indicator, does not initiate release, and so nothing happens until timers run out.

Observation 4: It seems to be beneficial [but not essential] to make the MME aware of EDT operation in CP CIoT EPS optimisation: this provides a trigger to use (or not) the “End Indication”, and makes the procedure distinct from normal CP CIoT EPS optimisation.

For UP CIoT EPS optimisation, the use case seems weaker if it is assumed that there is no “End Indicator” (i.e. eNB will set up the RRC connection and proceed as normal for the eventual suspension).

Observation 5: It does not seem useful to make the MME aware of EDT operation in UP CIoT EPS optimisation.

3. 
MME impact for CP CIoT EPS optimisation
S1AP: INITIAL UE MESSAGE is used to provide the UL Data received in Msg3 towards the MME, and following this, the MME may have DL traffic to send towards the eNB. In principle, such data could be sent towards the UE in a new Msg4 and the S1 context released.

The MME uses a new End Indicator to inform the eNB that further DL data is not pending. If this is received, the eNB triggers the UE Context release after sending the CPSR Accept and DL NAS PDU to the UE via the new msg4; if there is no DL PDU to be transmitted, msg4 will only contain the CPSR Accept. 

As per the above discussion, we need also to consider the MME awareness of EDT. There are two options:

· Supporting MME always sends the End Indicator even for non-EDT interactions, if it has no data, or if it sends a single PDU. This means that the end indicator would apply for situations where the RRC connection is setup, and where in principle it is the MME that initiates the context release, impacting existing CP CIOT EPS optimisation procedures. In principle issues could occur in case of a non-supporting eNB as the MME may wait for eNB action before triggering release.

· The MME is explicitly informed of the EDT transaction e.g. via an EDT indicator in the INITIAL UE MESSAGE. Then a supporting MME may choose to include End Indicator or not in the first downlink message (i.e. enable EDT or RRC connection setup). A non-supporting MME ignores this and by definition RRC setup follows. 
The second alternative appears more controlled, and does not impact existing flows. Therefore, we suggest

Proposal 1: In CP CIoT EPS optimisation, MME should be made aware that the UE has initiated an EDT transaction: this provides a trigger to use (or not) the “End Indication”, and makes the procedure distinct from normal CP CIoT EPS optimisation.
The detail of how this awareness is achieved can be considered further.

Then the question given Proposal 1 is whether some impact should be considered for "MME selection" i.e. UE that support EDT to always have to select a supporting MME. A non-supporting MME ignores the indication that the UE initiated an EDT transaction and does not provide an "End Indication" to eNB even when the Release Assistance Indication in NAS PDU indicates that the UE will send only one packet. This will result in [unnecessary] RRC setup by eNB. Finally the MME that is aware of the likely traffic via the Release Assistance Indication will release the S1 connection or RRC inactivity timer will release the RRC connection.

Arguably there is some inefficiency in terms of power consumption and signalling overhead but no interoperability issues are identified. 

It is therefore proposed that ideally when eNB supports EDT it shall use a "supporting MME" but is not essential to be taken into account for MME selection by the UE. 

Proposal 2: In CP CIOT EPS optimisation, MME support or not for EDT is not taken into account for MME selection.  

4. 
MME impact for UP CIoT EPS optimisation
For UP CIOT EPS optimisation so far can be assumed that the CN behaviour is unchanged. The eNB should set up the RRC connection (or it could decide not to, depending on the relationship between inactivity timers and Msg4 guard timer). There does not seem to be a strong motivation to make the CN EDT-aware in this case.

Proposal 3: In UP CIoT EPS optimisation, the CN does not need to be made aware of an EDT transaction.

5. Conclusions

This contribution has considered the response to the RAN2 LS [2] The following are proposed:

Proposal 1: In CP CIoT EPS optimisation, MME should be made aware that the UE has initiated an EDT transaction: this provides a trigger to use (or not) the “End Indication”, and makes the procedure distinct from normal CP CIoT EPS optimisation.

Proposal 2: In CP CIOT EPS optimisation, MME support or not for EDT is not taken into account for MME selection. 

Proposal 3: In UP CIoT EPS optimisation, the CN does not need to be made aware of an EDT transaction.

A response LS is drafted in [4] which addresses the questions raised by RAN2, and additionally provides some feedback for some topics discussed. 
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7.1: RRC Command with [CP] NAS PDU or [UP] DL Data





7.2 RRC Connected Mode or RRC Idle Mode 





4.2.2: [UP] S1AP: UE Context Resume





4.2.3: [UP] S1-U: UL Data





5.2: [UP] S1-U: DL Data





5.1: [CP] S1AP: DL NAS Transport (NAS PDU)





4.1.2: [CP] S1AP: Connection Est Indication





6: S1AP: UE Context Release or [UP] Suspend





Existence, content and order of steps to be decided by RAN3





3.1: [UP] Resume of L2 (DRBs and SRBs) 





1: Before step 7.1, it is not clear whether the eNB needs to be informed by the MME whether the MME prefers/requires the UE to stay connected afterwards. 


2: If it is confirmed that the MME needs to indicate preference/requirement as in 1, then it is not clear whether MME needs to be aware that the UE is using EDT, e.g. to use this information to expedite response to eNB.


3: RAN2 hasn’t agreed any details on how the decision is taken in the UE to use or attempt to use EDT. RAN2 agreed the following: “The intention to use EDT is for data, i.e. not for NAS signalling.” 


4: RAN2 hasn’t discussed details of AS/NAS interaction for EDT. RAN2 would appreciate input from CT1 on to what extent legacy AS/NAS interaction can be applied or whether a need for new interaction or indications is identified.


5: In order to define the correct timing between msg3 and msg4 as well as to meet the timing requirements defined for an RRC connection, RAN2 asks for input on the expected delay of steps 4, 5 and 6 in figure 2.
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