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1. Introduction
RAN2 sent an LS regarding flow aspects in EDT [1], which was discussed but not replied to during RAN3#98. The LS discusses procedures for EDT as well as AS/NAS interactions.
Response LSs (and further related traffic) have now been received from CT1 and SA2, which are summarised below:

· In C1-175072 [2], CT1 makes some considerations with respect to the RAN2 LS, and comments that CT1 assumes the MME should not need to know whether the UE is using EDT or not (albeit without justification)
· In S2-179614 [3], SA2 discusses issues 1 and 2 of the RAN2 LS, and specifically requests RAN3 to decide whether the “End Indicator” needs to be provided to the eNB and whether it is preferable to trigger this behaviour via an indication in the S1 INITIAL UE MESSAGE. It also requests CT1 to clarify whether NAS Control Plane service request procedure has to be completed (with Service Accept or other DL NAS PDU).
· In C1-180638 [4], CT1 replies to SA2 on the last point and clarifies that the indication of RRC connection release from the lower layers can be considered a successful completion of the NAS control plane service request procedure. 
This paper revisits the issues raised by the original RAN2 LS, considering in particular the question now posed to RAN3 by SA2.

2. Review of inputs from other groups
RAN2 envisaged the flow shown below [1]:
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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 to the UE even if the UE moves to idle state.

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

Then RAN2 highlights some aspects requiring discussion and feedback, specifically

On point 3, it is our understanding that the UE will trigger EDT under quite specific circumstances (e.g. 1 UL packet which is small enough to fit in msg3, and 1/0 DL packets expected), through a combination of decision points in the RRC and upper layers of the UE.

Then looking into the reply LS from SA2 [3], which focusses on issues 1 and 2, we note the following points:

· For the MME, the decision on whether to keep the UE connected depends on (1) contents of the UE’s Release Assistance Information, if provided; (2) knowledge of DL activity (response or pending data), and (3) potential DL signalling activity (e.g. due to a Non-EPS Alert Flag/SMS message waiting flag being set)
· SA2 assumes that in any case the eNB would be expected to send Msg4 if no reply is seen in S1 from the MME within a period set by a guard timer; however, in case of “potential DL activity”, the MME should have the possibility to stop the eNB from releasing the UE.

· For UP CIoT EPS optimization, SA2 notes that the MME does not have direct visibility of the user plane, nor does it have access to Release Assistance Indication; and so there does not seem to be any use case for an “End Indicator” from the MME.  For any response data, SA2 believes it is important to consider the UE power consumption aspects and encourages RAN to make potential information from the UE available in the eNB which could minimize the time in RRC connected mode.
· SA2 could not conclude if the “End Indicator” needs to be provided to the eNB , and whether it is preferable to trigger this behaviour via an indication in the S1 INITIAL UE MESSAGE.
4 CP-CIoT analysis
It is useful to start the analysis by assuming no change in S1AP, and analyse any weaknesses in the legacy flow when applied to EDT.

First, the eNB sends the INITIAL UE MESSAGE to the MME, carrying a NAS PDU with data. The MME has to treat this as a normal CP-CIoT Service Request. We can assume that the UE has no other data to send. Assuming that the MME receives the Release Assistance Information, the MME is aware of whether DL data is likely in response, and also knows about pending or potential data. There are then 3 cases:
Case 1: MME is not aware of any DL data, and so the UE should be released.

Case 2: MME is aware of DL data (e.g. response, pending or potential data).

· Here there are two subcases: in Case 2A, the MME can determine that there is only one PDU to send down (e.g. response only, or pending data), while in Case 2B the MME cannot determine this and so it is likely that the UE will complete the transition to RRC_connected.

Meanwhile, the UE is running timer T300 waiting for a response from the eNB; but at the MAC level, it is running the mac-ContentionResolutionTimer, and it will retransmit on expiry of this timer. The release 8 values of this timer are in the range 8 - 64 ms, while from release 13 this has been extended to the range 80 – 960 ms. Obviously, it would be interesting to minimize the probability of retransmission (with power ramp-up), but it should be taken into account that the timer values are cell-wide, and setting large values may not be desirable for the general case (non-EDT and even non-CIoT UEs).
Logically, the eNB should be running a guard-timer for EDT interaction, and a reasonable design would be to proceed in legacy way (i.e. set up the RRC connection) if the MME response does not arrive in time. The guard-timer value needs to be longer than the mac-ContentionResolutionTimer, but may not be much longer. So, if the MME does not respond fast enough, the UE will either be moved on to RRC-connected, or will retransmit. Both options are not desirable in EDT unless there is multiple PDU DL traffic, or further DL traffic is expected.

Note that the eNB should not behave in the opposite direction i.e. release the UE early in case a S1AP message (or even RELEASE COMMAND) is not received. This could lead to even more inefficient handling e.g. if there is DL data (in the worst case, if UE enters Power Save Mode/eDRX s pointed out by SA2).
Observation 1: The eNB should not release the UE in the absence of a timely response from the MME, and should instead complete a normal RRC connection.

Now let us consider how efficiently the existing S1AP signalling will handle these cases. 
For case 1, the MME should send a CONNECTION ESTABLISHMENT INDICATION message, followed by initiation of a context release procedure. S1AP is very clear about which messages can be the first downlink messages, and this is clearly not the case for UE CONTEXT RELEASE COMMAND. So, the MME would send two messages in succession, but it has no incentive to treat the UE with priority, since it would assume that the UE is RRC-connected (normal case).
For case 2, the MME might hold off sending a DL NAS TRANSPORT message until data is available. In case 2A, the MME would then send the UE CONTEXT RELEASE COMMAND, so this is similar to case 1 except that the first message is different, and the MME may wait a little longer if the NAS PDU is not already buffered. Again there is no incentive to treat the UE with priority. In case 2B, the MME does not initiate the release, and relies on an eNB timer to avoid failure of the air interface procedure (and power wastage at the UE).
We can now consider the consequences of the above:

1) Should the MME be aware of EDT operation?

One critical point is that, until today, the INITIAL UE MESSAGE always reaches the MME when the RRC connection is already set. Conversely, in the cases when the eNB sends a message to the MME after receiving Msg3, the INITIAL UE MESSAGE is never used. Therefore, in EDT the MME cannot infer that it is in the critical path of contention resolution.

Observation 2: If there are no signalling changes, the MME cannot infer that it is in the critical path of contention resolution.

The consequences are clear. The MME handles the transaction without prioritization, and so there is a greater probability that the eNB will be forced to set up the RRC connection or that UE power is wasted (depending of course on the setting of the various timers, the MME load and processing time, etc).
So, although it is recognized that the process can work without MME awareness, this seems sub-optimal. Of course, MME implementations may anyway handle CP-CIoT Service Requests differently, or generally have less need of EDT awareness, so MME actions should be fully optional.

Proposal 1: MME awareness of EDT transactions should be supported in S1AP, but no MME action should be mandated.
Proposal 2: Add a new IE (e.g. Pending RRC Request) to INITIAL UE MESSAGE.

2) MME signalling towards eNB (i.e. End Indication)
For cases 1 and 2A, two messages are sent in succession, so the only open question is whether there is significant timing gain in reducing the number of messages from 2 to 1 (taking again into account that any delay increases the probability of UE power wastage).
For case 2B, the main problem is that the UE may remain waiting for Msg4 for some time. In addition, to mitigate this, the eNB might decide to release the UE.
With both these use cases in mind, it seems useful to have the possibility for the MME to indicate to the eNB that it should proceed with Msg4 in a particular direction (either release the UE or set up the RRC connection). Examples are:
· Case 1 (no DL data): MME sends “End Indication” with CONNECTION ESTABLISHMENT INDICATION; eNB sends Msg4 to release UE; MME later releases S1 resources using Context Release procedure

· Case 2A (single PDU in DL): MME sends “End Indication” with DL NAS TRANSPORT; eNB sends Msg4 to release UE; MME later releases S1 resources using Context Release procedure

· Case 2B (further DL activity): MME sends “RRC Setup Indication” with either CONNECTION ESTABLISHMENT INDICATION or DL NAS TRANSPORT; eNB sends Msg4 to set up RRC Connection.

Note that MME awareness is required for both these enhancements; however, they are still optional.

Proposal 3: Add an optional RRC Connection Response IE to CONNECTION ESTABLISHMENT INDICATION and DL NAS TRANSPORT with values “Setup” and “Do not setup”.

5. UP-CIoT Analysis
The SA2 LS [2] already stated that there does not seem to be any use case for an “End Indicator” from the MME for UP-CIoT. SA2 also noted that it is preferable if the eNB can use a timing allowing pending data to be transmitted in the RRC command message.  Also, SA2 encourages RAN (RAN2!) to make potential information from the UE available in the eNB which could minimize the time in RRC connected mode. And finally, SA2 would like to see a mechanism to stop the UE being released and entering Power Save Mode/eDRX deep sleep before downlink information can be delivered to the UE.
In [5], it is proposed to use EDT for UP-CIoT, in connection with the resume/suspend operation as shown below:
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Assuming this general flow is also adopted as a working assumption, there are two issues:

·  How the eNB is made aware that there is no more data from the CN
· Whether the CN should be EDT aware
For the first issue, it was previously suggested that an end marker could be used. This also implies that the eNB must wait for the end marker before sending msg4 to the UE.
This increases the CN impact as the SGW now needs to be aware of EDT operation; and also, it is not clear how the SGW can know whether it will receive more data from the application.

An alternative would be for the eNB to apply a short timer for inactivity detection and to release the UE (initiate S1 suspension) on timer expiry. But this seems to counter the SA2 request that the MME is able to stop the UE being released.

One option is to assume that the EDT feature in UP-CIoT facilitates early uplink transmission, but not early return to idle, i.e. in step 6 above the eNB always chooses to set up the RRC connection. Then suspension may follow depending on existing triggers (i.e. inactivity). This has no signalling impact.
However, since eNB implementations can use short inactivity timers for this use case, and could indeed release the UE, a new IE would be needed in the UE CONTEXT SUSPEND RESPONSE message to provide the functionality requested by SA2. Of course, if this was implemented, then this option should be triggered by an indicator to the MME in the UE CONTEXT SUSPEND REQUEST message.
So an alternative is to add an optional Pending RRC Request IE to UE CONTEXT SUSPEND REQUEST, and an optional RRC Connection Response IE to UE CONTEXT SUSPEND RESPONSE. This would allow the MME to pre-empt release in Msg4.
Observation 3: For UP-CIoT, since the MME has no direct visibility of the activity on the User Plane, it seems safer for the eNB to always proceed to set up, but explicit signalling is needed if the MME is to be able to pre-empt possible release action by the eNB. Such signalling could consist of adding an optional Pending RRC Request IE to UE CONTEXT SUSPEND REQUEST, and an optional RRC Connection Response IE to UE CONTEXT SUSPEND RESPONSE.
The use case here is not as clear as for CP-CIoT, so in our view this is an open point that could even be left to implementation (i.e. eNB should use normal inactivity timers).
Proposal 4: RAN3 to discuss whether there is sufficient justification to add new IEs in UE CONTEXT SUSPEND REQUEST and UE CONTEXT SUSPEND RESPONSE messages.

6. Conclusions

This contribution has considered the response to the RAN2 and SA2 LSs in [1] and [2] regarding the required S1AP procedure impact for both CP-CIoT and UP-CIoT EDT. The following summarises the observations and proposals above:

Observation 1: The eNB should not release the UE in the absence of a timely response from the MME, and should instead complete a normal RRC connection.
Observation 2: If there are no signalling changes, the MME cannot infer that it is in the critical path of contention resolution.

Proposal 1: MME awareness of EDT transactions should be supported in S1AP.
Proposal 2: Add a new IE (e.g. Pending RRC Request) to INITIAL UE MESSAGE.

Proposal 3: Add an optional RRC Connection Response IE to CONNECTION ESTABLISHMENT INDICATION and DL NAS TRANSPORT with values “Setup” and “Do not setup”.

Observation 3: For UP-CIoT, since the MME has no direct visibility of the activity on the User Plane, it seems safer for the eNB to always proceed to set up, but explicit signalling is needed if the MME is to be able to pre-empt possible release action by the eNB. Such signalling could consist of adding an optional Pending RRC Request IE to UE CONTEXT SUSPEND REQUEST, and an optional RRC Connection Response IE to UE CONTEXT SUSPEND RESPONSE.

Proposal 4: RAN3 to discuss whether there is sufficient justification to add new IEs in UE CONTEXT SUSPEND REQUEST and UE CONTEXT SUSPEND RESPONSE messages.

A CR implementing P1-P3 is provided in [6], and a response LS is drafted in [7]. 
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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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