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1 Introduction
In RAN2#105 meeting, following agreements were made [1] with the paging based solution excluded as a working assumption:

	Agreements

- DL data in paging message is excluded (Opt A).

- RNTI in paging message to schedule the DL data is excluded (Opt B).

- Working assumption: DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).

- Working assumption: DL data scheduled in paging occasion is excluded (Opt D)


In the last RAN2#105bis meeting, following agreements were made [2]:

	Agreements

- For both UP and CP solutions, an MT-EDT indication is needed in the S1 paging message to eNB. It is up to RAN3 to decide how such indication is provided to the eNB.

- RAN2 assumes that MME initiates MT-EDT.

- It is up to eNB to use MT-EDT based on e.g., UE capability.

- RAN2 assumes that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.

- For the UP solution, the DL data are ciphered and sent over DTCH.

- For both UP and CP solutions eNB sends MT EDT indication to the UE via paging

For Msg-2 based solution (if agreed)

- A CF RACH resource is provided in the paging message to page the UE for MT-EDT. FFS whether/how security related concerns are addressed and how number of repetitions required and RNTI are provided.

For Msg-4 based solution (if agreed)

- For UP solution, RRCConnectionResume is used in Msg4 in case UL transmission is expected in response.


In this contribution, we discuss Msg2 based option more in details.
Compared to document R2-1903411, the main changes are as follows:

· Take into account the agreements made at RAN2#105bis

· Address the FFS raised at RAN2#105bis

2 Discussion
2.1 Procedure overview

At a very high level, the MT-EDT procedure can be summarised as in Figure 1:
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Figure 1 Overview of MT-EDT procedure
1. RAN2 has assumed that DL data information is needed from S-GW/SCEF to the MME to assist MME to initiate MT-EDT.
2. The MME sends the S1 paging to eNB. RAN2 has agreed for both UP and CP solution, that a MT-EDT indication is needed in the S1 paging message to eNB.

3. Upon receiving the S1 paging message with the MT-EDT indication, RAN2 has agreed that it is up to the eNB to use MT-EDT based on e.g. UE capability. If the eNB decides to use MT-EDT, the eNB allocates at least a contention free preamble for the UE.

4. The UE is paged with a paging message that contains at least a dedicated contention free preamble (CFRA).

There is an FFS raised at RAN2#105bis on whether/how security related concerns are addressed and how number of repetitions required and RNTI are provided. 

Security issue:

In [3], it is said that if the RRC paging message is sent without any additional security, it is possible that any fake UE may attempt to send the preamble provided in the paging message and send “false page-response” for early data transmission. Consequently, even though the fake UE cannot decipher the downlink data, the downlink data will be delivered incorrectly compromising the data reliability. Unnecessary signalling overhead in the eNB and MME is foreseen. 
From the Uu interface point of view, it is the same as contention based RACH procedure where fake UEs can send contention based preambles and receive the response. Then from the Uu interface point of view, there is no need to address the security issue. 

From the S1 interface point of view, there is the issue that it cannot be guaranteed that the downlink data has been delivered to the right UE. RAN2 can ask RAN3/SA2 whether this is a problem in all cases. If yes, we think this can be addressed by having always a secured response to the DL data transmission. 
Observation1: From the Uu interface point of view, the issue due to fake UEs using dedicated preamble is same as contention based RACH procedure where fake UEs can also send contention based preambles and receive the response.

Observation2: From the S1 interface point of view, there is the issue that it cannot be guaranteed that the downlink data has been delivered to the right UE.

Proposal1: From the Uu interface point of view, there is no need to address the issue due to fake UEs using dedicated preamble.

Proposal2: From the S1 interface point of view, it is left to RAN3/SA2 to decide whether to address the issue, e.g. by requiring a secured response to the DL data transmission.
Repetition number:
In legacy, when paging the UE, the eNB can determine the number of repetitions required for the paging message using among other the parameter npdcch-NumRepetitionPaging received in the container UEPagingCoverageInformation. For MT-EDT, the eNB can translate the value in npdcch-NumRepetitionPaging to a coverage level and allocate a preamble in the selected coverage level. The preamble can then be indicated to the UE in a similar way as in a PDCCH order, e.g. in eMTC (preamble index, PRACH Mask index and CEL). The UE can get the configuration, e.g. repetition number, from the corresponding (N)PRACH resource in SIB2/SIB2-NB/SIB22-NB. 
Proposal3: The preamble is signalled in a similar way as in the PDCCH order, the UE gets the configuration, e.g. repetition number, from the corresponding (N)PRACH resource in SIB2/SIB2-NB/SIB22-NB.
RNTI:
In a RACH procedure, after preamble transmission, the UE will monitor PDCCH with RA-RNTI to receive RAR. First we think this is not a RACH procedure and it will be better to de-correlate the two. 

We also think that RA-RNTI (used by all UEs using a given PRACH resource) should not be used to transmit data to a specific UE.

Then we see two options, RNTI provided in the paging message or RNTI provided in the RAR. In the former case, the drawback is the overhead for paging message since a RNTI is 16 bits long, which will decrease the paging capacity by 40% in the worst case. In the latter case, the drawback is an additional step in the MT-EDT procedure, which is not power efficient. Therefore, we propose to evaluate the two option. 
Proposal4: Following options can be considered to provide RNTI:
· Dedicated RNTI is carried in paging message;

· Dedicated RNTI is carried in RAR.
5. The UE responds to the paging message with a PRACH transmission using the preamble assigned in the paging message. 

6. The eNB, upon reception of the preamble, establishes/resumes the S1 connection to retrieve the DL data for the UE. For the UP solution, the eNB obtains the UE context internally or from another network node for protection of DL data transmission. 

7. The eNB transmits the DL data using the allocated RNTI in response to the PRACH transmission to the UE. 

8. The UE performs a UL transmission optionally carrying an UL application acknowledgement to complete the procedure.
In the following sections, we discuss more details for the UP solution and the CP solution separately.
2.2 UP Solution
Figure2 illustrates the procedure of Msg2 based option for the UP solution.
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Figure 2 MT-EDT procedure for the UP solution
1. DL data arrives to the S-GW as legacy.

2. The S-GW sends a DL data notification to MME carrying some DL data information. SA2/CT1 need to confirm the feasibility of such DL data information.
3. After receiving the DL data notification from the S-GW, the MME takes the decision whether to initiate MT-EDT. SA2/CT1 needs to confirm the feasibility.
4. The MME sends the S1 paging message to eNB. If the MME decides to use MT-EDT, the MME provides the MT-EDT indication and possibly the DL data size, if available, in the S1 paging message. 

5. After the eNB receives the S1 paging message with the MT-EDT indication, the eNB allocate a CFRA preamble for the UE. The eNB selects the PRACH CFRA preamble based on assistance information provided in the paging message from MME e.g. paging capabilities, Assistance Data for CE capable, Paging Attempt Information etc.
6. The UE is paged with a paging message that contains a PRACH CFRA preamble. The RNTI issue is discussed in section 2.1.
7. Upon reception of the paging message for MT-EDT, the UE restores the AS context, reactivates security and resumes SRBs and DRBs to be able to receive the DL data. 

Proposal5: For the UP solution, the UE restores the AS context, reactivates security and resumes SRB(s)/DRB(s) upon reception of the paging message with a MT-EDT indication.
8. Then the UE responds to the paging message with a PRACH transmission using the preamble assigned in the paging message. 
9. The eNB, upon reception of the preamble, retrieves the UE context (internally or from another eNB) and resumes the S1 connection so the DL data can be delivered.

In order to do so, the eNB needs to obtain the ResumeID of the UE. This could be provided to the MME in the UE CONTEXT SUSPEND REQUEST message and sent back by the MME to the eNB in the S1 paging message. It is left to RAN3/SA2 to decide which information to provide to retrieve UE context for MT-EDT.
Proposal6: For the UP solution, an information to help the eNB to retrieve the UE context (e.g. resumeId) is provided to the MME in the UE CONTEXT SUSPEND REQUEST message and sent back by the MME to the eNB in the S1 paging message.

10. Same as the legacy procedure.
11. Same as the legacy procedure.
12. Same as the legacy procedure.
13. The eNB transmits the DL data using an RNTI in response to the PRACH transmission to the UE. Since the DRB(s) has been resumed and security is reactivated, the eNB can send the DL data ciphered. 

For the Time Advance, it can be provided in the DCI (if feasible in RAN1) or in a MAC CE with the DL data transmission on PDSCH.

Proposal7: RAN2 to study whether and how/when to provide the TA to the UE.
In our view, a RRC message, integrity protected and ciphered, should be multiplexed with the downlink data. This will provide authentication of the eNB at the UE. It could also carry, e.g. a NCC or a ResumeId for the next connection.
Proposal8: For the UP solution, a RRC message is multiplexed with the DL data. Details FFS.
14. The UE completes the procedure by sending a RRC acknowledgement message on DCCH. If an UL application ack is available, the data are ciphered and multiplexed with the RRC message. After successful UL transmission, the UE deactivates security and suspends all DRBs/SRBs. The procedure terminates.

Note that in our view, an Uplink RRC message, security protected, is needed to confirm that the data have been delivered to the right UE and not release the UE context in the source eNB if not.

Proposal9: For the UP solution, a RRC acknowledgment message, ciphered and integrity protected, is sent in response to the DL data. Details FFS.
Proposal10: For the UP solution, if an UL application ack is available, the data are ciphered and multiplexed with the RRC message.
Proposal11: Upon successful UL transmission, the UE deactivates security and suspends all DRBs/SRBs. The procedure terminates.

15. The eNB checks the integrity protection of the RRC message. If the check is successful and UL data are present, the eNB delivers the data to S-GW and releases the UE context in the source eNB.

16. The eNB suspends the S1 connection, stores the UE context and suspends the UE
2.3 CP solution
Figure3 illustrates the procedure of DL data after preamble for the CP solution.
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Figure 3 MT-EDT procedure for the CP solution
Step1 to Step7: Same as the UP solution.
8. Upon reception of the dedicated preamble, the eNB establishes the S1 connection so the DL data can be delivered.
In order to do so, the S1-AP initial UE message procedure needs to be modified as there is no NAS PDU from the UE.

Proposal12: RAN2 to liaise with RAN3 and CT1 to define a new S1-AP initial UE message procedure for MT-EDT for the CP solution.

9. Same as the legacy procedure.
10. Same as the legacy procedure.
11. Same as the legacy procedure.

12. The DL data are transmitted to the UE in PDSCH. Considering that the DL data are encapsulated in a NAS PDU, a RRC message is needed.

Proposal13: For the CP solution, the downlink data are included as a NAS PDU in a RRC message.
13. The UE completes the procedure by sending a NAS acknowledgement message carried in a RRC message, using transparent mode. If an UL application acknowledgement is available, the data are encapsulated in the NAS message. After successful UL transmission, the procedure terminates.

Proposal14: For the CP solution, a NAS acknowledgement message carried in a RRC message using transparent mode, is sent in response to the DL data. Details FFS.

Proposal15: For the CP solution, if an UL application acknowledgement is available, the data are encapsulated in the NAS message.

Proposal16: RAN2 to liaise with CT1 to introduce a new NAS message in response to the DL data.

Note that in our view, an Uplink NAS message, NAS security protected, is needed to confirm that the data have been delivered to the right UE.

14. The eNB forwards the NAS PDU to the MME and initiates the S1 release procedure.
3 Conclusion

This paper discussed the MT-EDT procedure for Msg2 based option. Corresponding observations and proposals are listed as below:
Observation1: From the Uu interface point of view, the issue due to fake UEs using dedicated preamble is same as contention based RACH procedure where fake UEs can also send contention based preambles and receive the response.

Observation2: From the S1 interface point of view, there is the issue that it cannot be guaranteed that the downlink data has been delivered to the right UE.

Proposal1: From the Uu interface point of view, there is no need to address the issue due to fake UEs using dedicated preamble.

Proposal2: From the S1 interface point of view, it is left to RAN3/SA2 to decide whether to address the issue, e.g. by requiring a secured response to the DL data transmission.
Proposal3: The preamble is signalled in a similar way as in the PDCCH order, the UE gets the configuration, e.g. repetition number, from the corresponding (N)PRACH resource in SIB2/SIB2-NB/SIB22-NB.
Proposal4: Following options can be considered to provide RNTI:

· Dedicated RNTI is carried in paging message;

· Dedicated RNTI is carried in RAR.
Proposal5: For the UP solution, the UE restores the AS context, reactivates security and resumes SRB(s)/DRB(s) upon reception of the paging message with a MT-EDT indication.
Proposal6: For the UP solution, an information to help the eNB to retrieve the UE context (e.g. resumeId) is provided to the MME in the UE CONTEXT SUSPEND REQUEST message and sent back by the MME to the eNB in the S1 paging message.

Proposal7: RAN2 to study whether and how/when to provide the TA to the UE.
Proposal8: For the UP solution, a RRC message is multiplexed with the DL data. Details FFS.
Proposal9: For the UP solution, a RRC acknowledgment message, ciphered and integrity protected, is sent in response to the DL data. Details FFS.
Proposal10: For the UP solution, if an UL application ack is available, the data are ciphered and multiplexed with the RRC message.
Proposal11: Upon successful UL transmission, the UE deactivates security and suspends all DRBs/SRBs. The procedure terminates.

Proposal12: RAN2 to liaise with RAN3 and CT1 to define a new S1-AP initial UE message procedure for MT-EDT for the CP solution.

Proposal13: For the CP solution, the downlink data are included as a NAS PDU in a RRC message.
Proposal14: For the CP solution, a NAS acknowledgement message carried in a RRC message using transparent mode, is sent in response to the DL data. Details FFS.

Proposal15: For the CP solution, if an UL application acknowledgement is available, the data are encapsulated in the NAS message.

Proposal16: RAN2 to liaise with CT1 to introduce a new NAS message in response to the DL data.

4 References

[1] R2-1903001, Report of 3GPP TSG RAN WG2 meeting #105, Athens, Greece, 25 February – 1 March, 2019

[2] R2-1905262, Report of 3GPP TSG RAN WG2 meeting #105bis, Xi’an, China, 8 – 12 April, 2019
[3] R2-1814415, Analysis of Downlink EDT options, Nokia, Nokia Shanghai Bell

1/1


UE
eNB
MME
S-GW
1. DL data
2. DL Data Notification
4. Paging (S-TMSI, MT-EDT indication, DL data info)
6. Paging (S-TMSI, CFRA preamble, RNTI?)
7. Preamble
3 MME triggers MT-EDT based on UE capability and DL data info.
8. S1-AP: Initial UE message
9. Modify Bearers
11. S1-AP: DL NAS TRANSPORT
5 eNB allocates CFRA preamble and RNTI
10. DL data
12. CCCH: RRC message (NAS PDU)
13. CCCH: RRC message (optional UL data)
14. S1 release procedure



UE
eNB
MME
2. Paging (S-TMSI, MT-EDT indication)
4. Paging (S-TMSI, CFRA preamble, RNTI?)
5. CFRA Preamble
8. DL data
3 eNB allocates CFRA preamble and RNTI
6. establish/resume S1 connection
7a. DL data
9. UL transmission to complete MT-EDT
1 Decides to trigger MT-EDT based on DL data Info
7b. DL data



UE
eNB
MME
S-GW
1. DL data
2. DL Data Notification
4. Paging (S-TMSI, MT-EDT indication, DL data info)
6. Paging (S-TMSI, CFRA preamble, RNTI?)
8. CFRA Preamble
3 MME triggers MT-EDT based on UE capability and DL data info.
13. DTCH (DL data) + DCCH (RRC msg)
5 eNB allocates CFRA preamble and RNTI
9. S1-AP: UE Context Resume Request
10. Modify Bearers
11. S1-AP: UE Context Resume Response
12. DL data
14. DCCH (RRC msg) + optional DTCH (UL data)
7 Restore UE context and active security
15. S1-AP: UE Context Suspend
16. UL data



