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1. Introduction
There have been several rounds of discussion on EDT support in S1 and this paper summarizes discussion and proposals.
As a reminder, RAN3 has specifically been asked by SA2 in [1]:

SA2 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.

This document summarizes what RAN3 needs to decide, taking into account in particular rest of the information provided in [1]. More detail can be found in [2], as this document takes a summarized approach to the arguments.
2. Discussion on signalling from the MME
As discussed in [1] and [2], the MME has at least the following information:

· Release Assistance Information from the UE (no further Uplink or Downlink Data transmissions are expected, or only a single Downlink data transmission (e.g. Acknowledgement or response to Uplink data) subsequent to this Uplink Data transmission is expected)
· Knowledge of existing pending data (e.g. if the UE is in eDRX)

· Knowledge that other downlink signalling or data is likely to arrive (e.g. due to Non-EPS Alert Flag being set)
With this information, on receiving the uplink signalling, the MME can check whether it has any PDU(s) to send to the UE, and/or estimate the PDUs it may expect to send to the UE as part of this session. Therefore, when sending the first downlink message, the MME can provide what may be considered MME-generated Release Assistance Information.
Observation 1: The MME is able to provide to the eNB an MME-generated Release Assistance Information e.g. with values “No further DL data expected”, “Further DL data expected”.

Once the eNB receives a message with this information, and assuming the UE is still waiting for EDT Msg4, the eNB can decide whether to release the UE by including appropriate EDT RRC message in Msg4, or set up an RRC connection, in the manner of the following table:
	
	Assistance Type

	
	No further DL data expected
	Further DL data expected

	Message Type
	Connection Establishment Indication
	eNB sends EDT Msg4 without payload, returning UE to idle
	eNB should transition UE to RRC_CONNECTED

	
	DL NAS Transport
	eNB sends EDT Msg4 with payload and returning UE to idle,
If received PDU is larger than EDT Msg4 capacity, eNB sets up RRC connection, delivers PDU, and initiates Connection Release.
	eNB transfers UE to RRC_CONNECTED, and starts to deliver data


We now consider specific aspects to the above:
1) Need for “No further DL data” (aka “End Indicator”): 
It should be obvious that this (or equivalent functionality) is essential for EDT, otherwise the eNB will have to guess whether to send the UE to idle, or set up RRC connection. Either way there are possible negative impacts (UE needs to be paged and access again, or UE is kept needlessly in RRC_CONNECTED state).
2) Need for Two-value Assistance Type (no further data, further data)
It has been proposed to have just an “End Indicator”, which is the equivalent of having a single value (“No further DL data”). The main reason for having the two values is to ensure that the indication to the eNB is non-ambiguous and minimizes interoperability issues. 
Note also that the SA2 LS states the following: “SA2 also believe that if the MME knows that downlink signalling or data is likely to arrive (e.g. due to Non-EPS Alert Flag being set), it is necessary to have a mechanism to stop the UE being released and entering Power Save Mode/eDRX deep sleep before the downlink information can be delivered to the UE”
So SA2 are presenting use cases where the “End Indicator / No further DL data” will not be sent, yet simply sending a message without indicator e.g. DL NAS TRANSPORT or CONNECTION ESTABLISHMENT INDICATION may result in the eNB triggering closure of the UE connection, rather than transitioning to RRC_CONNECTED, with negative consequences if the UE enters deep sleep modes. Hence, we conclude that it is generally safer to have two-valued assistance data.

Observation 2: To prevent the scenario outlined by SA2 (UE going to deep sleep with data arriving in the meantime), it seems beneficial to have the option to indicate to the eNB that further data is expected.
3) Alternative signalling by using Context Release:

Use of the Context Release procedure has been proposed in [3] as an alternative to adding indicators in messages (e.g. by enabling a NAS PDU to be delivered in the initiating Context Release message from the MME). In fact, this was previously proposed two years ago at the time of the initial design of CP-CIoT, and RAN3 discussed and decided not to pursue it further. Issues with this alternative are listed below:
· If there is no DL data and the MME thinks no further data is expected, then either the MME sends UE CONTEXT RELEASE REQUEST (which currently is not supposed to be the first DL message), or needs to send a CONNECTION ESTABLISHMENT INDICATION followed by context release. The first DL message may anyway trigger the eNB to initiate RRC connection.

· If there is a single PDU to send and the MME thinks no further data is expected, then either the MME sends UE CONTEXT RELEASE REQUEST with the piggybacked PDU (which currently is not supposed to be the first DL message), or needs to send a CONNECTION ESTABLISHMENT INDICATION followed by context release. The first DL message may anyway trigger the eNB to initiate RRC connection, so the fast move back to idle is not guaranteed even with an upgraded MME.
· 
In addition, piggybacking a NAS PDU in context release will change significantly the context release procedure and cannot be simply restricted to CP-CIoT: while it is simple for the eNB to ignore indicators (i.e. virtually no testing is needed), a NAS PDU is a critical item in system operation, and the eNB must be prepared to receive this piggybacked message in the general case.
· The piggybacked procedure becomes even more complex in the case where the PDU is too large for EDT Msg4, which we believe to be a real possibility. This obviously requires RRC connection setup, but it implies that the eNB must (in response to context release): set up the RRC connection, deliver the NAS PDU, then proceed to release the UE. This seems a gross distortion of the context release procedure.
In short, repurposing the UE Context Release procedure for this functionality is precisely the kind of specification change that should generally be avoided, as it is essentially trying to retrofit a new procedure into an existing one.
Observation 3: Repurposing the UE Context Release procedure for this functionality is precisely the kind of specification change that should generally be avoided, as it is retrofitting a new procedure into an existing one; also, RAN3 already agreed not to do this in release 13.

In conclusion, the following are proposed:

Proposal 1: Add a new IE to the CONNECTION ESTABLISHMENT INDICATION and DL NAS TRANSPORT messages.
Proposal 2: The new IE to be added should have two code points, one to indicate “No further DL data expected” and the other to indicate “Further DL data expected”, and the new IE could be called e.g. “MME-generated Release Assistance Information”.
3. Discussion on signalling to the MME (“MME awareness”)
This was previously discussed in [2]. The main aspect to bear in mind is that this would be the first time that the MME is in the critical path of the transmission of Msg4 without its knowledge. So, although it is acknowledged that the system can work without this signalling, it seems strange not to provide such information to the MME.
The second aspect is that lack of MME awareness immediately implies that any change in DL messages will apply to normal CP-CIoT, i.e. the MME will send DL signalling as discussed in previous sections even for normal CP-CIoT. 

Taking the case of a release 15 eNB, the eNB will have to define behaviour for the case when it receives indicators for normal CP-CIoT (although one easy option would be to ignore such indicators). Critically, this is much worse for the case of the context release piggybacking, because this would imply that normal CP-CIoT handling in the eNB would need to be upgraded too if the MME is not EDT-aware. In fact, there is no way to prevent PDU piggybacking in context release for any case (not just CP-CIoT), and since NAS PDU delivery is a critical system functionality, this choice (adopt the release piggybacking without MME awareness) would have very large system impacts.
Observation 4: If the MME is not EDT aware, it does not realize that it is in the critical path, and also it will apply any new DL signalling to normal CP-CIoT.
Observation 5: If the MME is not EDT aware and the context release piggybacking was adopted, the normal CP-CIoT flow (and potentially all release flows irrespective of CIoT) would need to be changed in the eNB and also SA2 specifications; this should be avoided.

Proposal 3: Add indicator from eNB to MME to signal EDT operation; no MME behaviour shall be mandated, i.e. MME may still use DL IE as in P1 and P2 for CP-CIoT (and for simplicity eNB action does not need to be specified).

4. Conclusions
A summary list of observations and proposals is provided below.

Observation 1: The MME is able to provide to the eNB an MME-generated Release Assistance Information e.g. with values “No further DL data expected”, “Further DL data expected”.
Observation 2: To prevent the scenario outlined by SA2 (UE going to deep sleep with data arriving in the meantime), it seems beneficial to have the option to indicate to the eNB that further data is expected.
Observation 3: Repurposing the UE Context Release procedure for this functionality is precisely the kind of specification change that should generally be avoided, as it is retrofitting a new procedure into an existing one; also, RAN3 already agreed not to do this in release 13.

Proposal 1: Add a new IE to the CONNECTION ESTABLISHMENT INDICATION and DL NAS TRANSPORT messages.
Proposal 2: The new IE to be added should have two code points, one to indicate “No further DL data expected” and the other to indicate “Further DL data expected”, and the new IE could be called e.g. “MME-generated Release Assistance Information”.
Observation 4: If the MME is not EDT aware, it does not realize that it is in the critical path, and also it will apply any new DL signalling to normal CP-CIoT.

Observation 5: If the MME is not EDT aware and the context release piggybacking was adopted, the normal CP-CIoT flow (and potentially all release flows irrespective of CIoT) would need to be changed in the eNB and also SA2 specifications; this should be avoided.

Proposal 3: Add indicator from eNB to MME to signal EDT operation; no MME behaviour shall be mandated, i.e. MME may still use DL IE as in P1 and P2 for CP-CIoT (and for simplicity eNB action does not need to be specified).
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