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1 Introduction

In RAN2#107 meeting, it was agreed that Msg2-based solution is not pursued in Rel-16. Following agreements were made.
Agreements

- Working assumptions:



- For CP solution UE triggers RA using a Rel-15 EDT preamble.


- For UP solution, UE may trigger RA using a non-EDT preamble.


- For CP and UP solutions no new TB size for Msg3 is introduced.
- No indication is sent in Msg3 regarding whether an UL grant needs to be provided in Msg4, i.e. up to network implementation.
- In Msg4, same as MO-EDT, the network may move the UE to connected mode or release the UE to idle mode. FFS how to include user data in Msg4 for the CP solution if the UE is moved to connected mode.
- Msg2 based solution is not pursued in this release.
This contribution discusses the remaining issues for MT EDT solution when UEs use UP C-IoT EPS optimization.
2 Discussion
2.1 MT EDT for UP solution
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Figure 1 MT EDT for User Plane CIoT EPS Optimization
0. MME receives DL data arrival indication and its size information from the S-GW if UE is using UP C-IoT EPS optimization. In this stage, MME can decide whether to initiate MT EDT (i.e., include MT EDT information in S1AP paging) based on DL size information, further DL data expected or UL ACK to the DL data is required and UE’s subscription information. 

1. MME decides to initiate MT EDT and adds 1 bit MT EDT indication in the S1AP paging message.

2. eNB sends the paging message with MT EDT indication to UE. If UE receives the paging and recognizes MT EDT indication, it activates AS security.

3. The UE uses legacy PRACH to respond the paging (legacy procedure).

4. UE receives the legacy RAR in Msg2 (legacy procedure).

5. UE responds with RRCConnectionResumeRequest message with resume cause “mt-Access” (legacy procedure).

6. The eNB initiates the S1-AP Context Resume procedure to resume the S1 connection and re-activate the S1-U bearers (legacy procedure).
7. The MME requests the S-GW to re-activate the S1-U bearers for the UE (legacy procedure).
8. The MME confirms the UE context resumption to the eNB (legacy procedure). In addition, MME has to indicate to eNB that the intended UE responded to the paging message that included MT EDT indication (i.e., responding to MT EDT request). This helps eNB to determine whether the UE has activated AS security or not (i.e., UE is the intended UE to receive DL data in Msg4).
9. The S-GW sends the downlink data to the eNB (legacy procedure).

10. If the eNB decides to use MT EDT based on UE CE level, maximum TBS size, UE capability, no further UL/DL data are expected from S-GW and UE (i.e., RAI from UE and MME) and if UE has activated AS security (i.e., the UE responded to MT EDT request and the UE received NCC in the previous suspend message), the eNB can initiate the suspension of the S1 connection and the deactivation of the S1-U bearers. Otherwise;

a. If UE has activated AS security, eNB sends RRCConnectionResume message with ciphering.
b. If UE has NOT activated AS security, eNB sends RRCConnectionResume message without ciphering.
11. The eNB sends the RRCConnectionRelease message to keep the UE in RRC_IDLE. The message includes the releaseCause set to rrc-Suspend, the resumeID, the NextHopChainingCount and drb-ContinueROHC which are stored by the UE (legacy procedure).
As described above, after receiving paging message with MT EDT indication, UE can activate AS security and respond to the paging message. For this purpose, eNB can assume that MT EDT capable UE always activates AS security upon receiving MT EDT indication in paging. However, from ResumeID (i.e., UE’s context only), eNB may not know the intended UE for MT EDT responded.
There are few options that can be considered on how eNB can determine from Msg3 that UE has activated AS security. For example,
1. eNB maps the UE’s S-TMSI to the ResumeID. In this case, when eNB receives resume ID in Msg3, it can determine the UE responded to the paging that included the UE’s S-TMSI and MT EDT indication.

2. Before sending Msg4, eNB can check the condition i.e., UE is MT EDT capable (new UE capability), UE is responding to the paging message that includes “MT-EDT” indication (i.e., resume cause is “mt-Access” and MME confirms UE is responding to MT EDT request) and UE has received the NCC in the previous suspend message.

3. All Rel-16 UEs that received NCC in the suspend message activates AS security before Msg1 during resumption regardless of MO or MT traffic. Before sending Msg4, eNB can wait MME to confirm if UE is responding to MT EDT request.
4. Using a spare value of resume cause or spare bit in the resume request message (i.e., UE indicates it intends to receive MT EDT data).

5. A new critically extended RRC resume request message (i.e., UE indicates it intends to receive MT EDT data). In [1], it is shown that it is possible to define a new RRC resume request message within the limit of TBS size of 48 bits.
Since eNB is not supposed to store and use S-TMSI of the UE, the option 1 is not preferable.
Proposal 1. RAN2 decide which solution to adopt for eNB to know that UE has activated AS security. The possible solutions for discussion includes
1.
eNB checks if UE is MT EDT capable and waits Context Resume Response message where MME confirms to eNB that UE is responding to MT EDT request (i.e., the UE intended to receive MT EDT responded).
2.
All Rel-16 UEs that received NCC in the suspend message activates AS security before Msg1 during resumption regardless of MO or MT traffic. Before sending Msg4, eNB can wait MME to confirm if UE is responding to MT EDT request.
3.
Using a spare value of resume casue or spare bit in the resume request message.

4.
A new critically extended RRC resume request message. In [1], it is shown that it is possible to define a new RRC resume request message within the limit of TBS size of 48 bits.
As described above, whether or not AS security has been activated can be determined after eNB receives Msg3 (not the preamble). In UP solution, legacy minimum UL grant size in RAR is sufficient. Therefore, UE can still use the legacy preamble in Msg1 as only RRC resume request message needs to be sent in Msg3 as described above. After receiving the Msg3, eNB follows legacy procedure to receive the MT data from S-GW. The MT data can be transmitted in Msg4 (RRC message multiplexed with ciphered DL data) if the eNB determines that the UE meets MT-EDT conditions.

Observation 1. In UP solution, UE does not require larger UL grant in RAR. Therefore, UE can still use the legacy preamble in Msg1 as only RRC resume request message needs to be sent in Msg3.
Proposal 2. When using UP CIoT EPS optimization, confirm the WA that UE uses legacy PRACH resource (for the selected CE level) to receive DL data in Msg4 in response to the paging message that includes “MT-EDT” indication. 
3 Conclusion

The observations captured are the following:
Observation 1.
In UP solution, UE does not require larger UL grant in RAR. Therefore, UE can still use the legacy preamble in Msg1 as only RRC resume request message needs to be sent in Msg3.

The proposal captured are the following:
Proposal 1.
RAN2 decide which solution to adopt for eNB to know that UE has activated AS security. The possible solutions for discussion includes
1.
eNB checks if UE is MT EDT capable and waits Context Resume Response message where MME confirms to eNB that UE is responding to MT EDT request (i.e., the UE intended to receive MT EDT responded).
2.
All Rel-16 UEs that received NCC in the suspend message activates AS security before Msg1 during resumption regardless of MO or MT traffic. Before sending Msg4, eNB can wait MME to confirm if UE is responding to MT EDT request.
3.
Using a spare value of resume casue or spare bit in the resume request message.
4.
A new critically extended RRC resume request message. In [1], it is shown that it is possible to define a new RRC resume request message within the limit of TBS size of 48 bits.
Proposal 2.
When using UP CIoT EPS optimization, confirm the WA that UE uses legacy PRACH resource (for the selected CE level) to receive DL data in Msg4 in response to the paging message that includes “MT-EDT” indication.
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