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Abstract of the contribution: This document discusses the system level impacts of CIoT MT-EDT.
1. Discussion on Message 2 based solution
In last SA2#134 meeting, SA2 has discussed the RAN2 Message 2 and Message 4 solutions for both CP CIoT EPS Optimisation and UP CIoT EPS Optimisation, and sent the related LS S2-1908629 to RAN2, RAN3, SA3, CT1, CT4.

For Message 2 based solution, the response from other Work Group are as following:

· RAN2 LS (S2-1908681/ R2-1911603):
RAN2 thanks SA2 for the Reply LS on Mobile-terminated Early Data Transmission in S2-1908629 and would like to provide the following information regarding agreements made in RAN2: 

-
Msg2 based solution is not pursued in this release.
· CT1 LS (S2-1908659/ C1-195111):

•
CT1 would like to indicate that message 2 option for CP CIoT EPS optimization involves numerous associated NAS impacts.
•
CT1 would like to indicate that message 2 option for UP CIoT EPS optimization cannot provide benefits compared to message 4 option if this requires a NAS message to confirm the legitimacy of the recipient UE.
· SA3 LS (S2-1908711/S3-193059):

Q1: SA2 asks SA3, RAN2, RAN3 and CT1 to consider the security procedure for the message 2 solution for both CP CIoT EPS Optimisation and UP CIoT EPS Optimisation.

SA3 Answer: For message 2 based solutions, new security solutions are required to ensure the delivery of packet to the correct UE and to avoid incorrect charging. This is true for MT-EDT for both CP and UP CIoT optimization UEs.
Considered the responses from RAN2, CT1 and SA3, it can be observed that the Message 2 based solution shall be not pursued in this release because of NAS impacts and security issues.
Observation 1: the Message 2 based solution shall be not pursued in this release.
2. Discussion on Message 4 based solution

2.1 Responses from other WGs
For message 4 based solution, the responses from other Work Group are as following:

· RAN2 LS (S2-1908681/ R2-1911603):

Regarding SA2 considerations in S2-1908629 on fallback to normal user plane DL data transmission, RAN2 has made the following agreement:

-
Fallback is supported in the case there is more downlink data to be sent, i.e. network can move the UE to connected mode in Msg4.
· CT1 LS (S2-1908659/ C1-195111):

CT1 would like to indicate that:

•
Message 4 option for CP CIoT EPS optimization can be supported without NAS impacts, and

•
Message 4 option for UP CIoT EPS optimization may have NAS impacts. CT1 has not fully analyzed this.

Regarding MT EDT in 5GC, message 4 option can also be used for CP CIoT 5GS optimization and UP CIoT 5GS optimization. However, CT1 would like to highlight that in Release 15, there is a requirement to allocate a new 5G-GUTI after the establishment of a NAS signalling connection following a network paging procedure. This SA3 requirement may have an impact on the MT EDT solutions for both CP CIoT 5GS optimization and UP CIoT 5GS optimization. CT1 would like to ask SA3 whether the allocation of a new 5G-GUTI will still be required for MT EDT and inform SA2 to consider this requirement if confirmed by SA3.
· SA3 LS (S2-1908711/S3-193059):

Q2: SA2 asks SA3 to provide feedback on the SA2 assumptions and potential security issues for MT-EDT options discussed above.

SA3 Answer: SA3 confirm that SA2’s assumption on the re-use of the MO-EDT for UP and CP optimization security procedures for Message 4 solutions are correct. No new security solutions are required to secure Message4 based solutions.
Observation 2: For Message 4 based solutions, it needs further discussion on the issues including fallback to normal procedure and 5G-GUTI re-allocation.
2.2 Message 4 based solution for CP

For message 4 based solution for CP EPS CIoT Optimization, the procedure is as following:
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Figure 1: MT-EDT for CP Optimization on Message 4
There will be no indication from the UE about whether subsequent uplink data were expected or not. This means that the eNB has no information for deciding whether to move the UE to connected mode or terminate the connection immediately. Whatever the eNB implementation is, it is expected that it will always take the wrong decision 50% of the time based on the traffic model in TR 45.820 where 50% of network command requires a UL application ACK.

Observation 3: Without information on whether a subsequent UL transmission is expected, the eNB is likely to be wrong 50 % of the time when deciding RRC_IDLE or RRC_CONNECTED mode.
If the UE is sent back to Idle mode and has UL data to transmit in response, it will have to initiate a new RRC Connection establishment procedure or MO-EDT procedure, which means that the MT-EDT procedure has been a complete waste of power. 

Observation 4: If the UE is kept in idle and has uplink data in response, then the MT-EDT procedure has a negative impact on power consumption.

If the UE is moved to RRC-Connected and the DL data can be transmitted in MSG4 then there is no benefit in power consumption compared to the legacy procedure as the increased power consumption for sending MSG3 will overcome any gain of skipping a DL transmission. However, there is some latency gain.

Observation 5: If the UE is moved to connected mode and the DL data can be transmitted in Message 4, then there is no benefit in power consumption compared to the legacy procedure. There is some latency gain.

The SGW includes the DL data size along with the MT-EDT indication in the DL Data Notification message to for MME to decide to initiate the MT-EDT. To support this, The MME includes UE’s Communication Patterns (which includes UE’s traffic profile) to the S-GW, and S-GW gets the UE’s traffic profile before providing the data size of DL data for MT-EDT.

Observation 6: to support MT-EDT, the signalling interactions between MME and S-GW for DL data size information are introduced.
2.3 Message 4 based solution for UP
For Message 4 based solution for UP EPS CIoT Optimization, the procedure is as following:


[image: image2.emf]UE eNodeB MME S-GW P-GW

1. Downlink data

2a. Downlink data Notification 

(MT-EDT indication+DL data)

2b. Downlink data Notification ACK

3. Paging (MT-EDT indication)

4. Paging (MT-EDT indication)

5. UE receives 

paging

6. Random Access preamble

11. UE context Resume response

8. RRC Connection Resume Request 

(resume ID, short resume eMAC-I) 

13. S1 Suspend procedure

7. Random Access Response

12. RRC Connection Release (DL data)

9. UE context Resume request

10. Modify Bearer reqeust/response

DL data

14. Modify Bearer reqeust/response


Figure 2: MT-EDT for UP Optimization on Message 4
For the UP solution, a similar analysis as section 2.2 can be done. 

Observation 3: Without information on whether a subsequent UL transmission is expected, the eNB is likely to be wrong 50 % of the time when deciding RRC_IDLE or RRC_CONNECTED mode.

Observation 4: If the UE is kept in idle and has uplink data in response, then the MT-EDT procedure has a negative impact on power consumption.

Observation 5: If the UE is moved to connected mode and the DL data can be transmitted in Message 4, then there is no benefit in power consumption compared to the legacy procedure. There is some latency gain. 

Observation 6: to support ME-EDT, the signalling interactions between MME and SGW for DL data size information are introduced.

3. Conclusion and proposal
This discussion paper analysed the MT-EDT to identify its system level impacts based on the available information in the current standard situation on MT-EDT.
Based on analysis, following observations were provided:

Observation 1: the Message 2 based solution shall be not pursued in this release.
Observation 2: For Message 4 based solutions, it needs further discussion on the issues including fallback to normal procedure and 5G-GUTI re-allocation.
Observation 3: Without information on whether a subsequent UL transmission is expected, the eNB is likely to be wrong 50 % of the time when deciding RRC_IDLE or RRC_CONNECTED mode.

Observation 4: If the UE is kept in idle and has uplink data in response, then the MT-EDT procedure has a negative impact on power consumption.

Observation 5: If the UE is moved to connected mode and the DL data can be transmitted in Message 4, then there is no benefit in power consumption compared to the legacy procedure. There is some latency gain. 

Observation 6: to support ME-EDT, the signalling interactions between MME and SGW for DL data size information are introduced.
Based on these observations, it can be conclude that the Message 4 based solution for both CP and UP provide minor benefits while with many impacts on UE, RAN and CN. Thus the following proposal is provided:
Proposal: Message 4 based solution provide minor benefits while with many impacts on UE, RAN and CN. The MT-EDT feature shall be not pursued in this release because of no satisfactory solution.
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