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1 Introduction

In RAN2#105bis and RAN2#106 meetings following agreements were made for Msg2 based MT-EDT [1]:

	Agreements in RAN2#105bis
- 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.

Agreements in RAN2#106

For Msg2-based solution (if agreed):

- No need to cipher the dedicated RACH resource provided in the paging message.

- RAN2 intends to introduce a mechanism to acknowledge that Msg2 was received by the intended UE.

- At least one dedicated RACH resource is provided in the paging message for MT-EDT. FFS what other parameters, e.g., CE level, subcarrier index, are needed to be provided.

- FFS: whether RNTI is provided in the paging message.


In this contribution, we discuss Msg2 based option more in details.
Compared to document R2-1906153, the main changes are as follows:

· Take into account the agreements made at RAN2#106
· Address the FFS raised at RAN2#106
· Address issues raised in e-mail discussions [106#65][R16 NB-IoT/eMTC] CP MT-EDT and [106#64][R16 NB-IoT/eMTC] UP MT-EDT
2 Discussion
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. SA2 has confirmed in [2] the feasibility of providing the DL data size information from S-GW/SCEF to the MME to assist MME to initiate MT-EDT. 
2. If MME decides that the MT call is suitable for MT-EDT, the MME sends the S1 paging to eNB including the DL data size in the S1 paging message.
3. Upon receiving the S1 paging message with the DL data size, it is up to the eNB to use MT-EDT, e.g. based on e.g. UE capability, DL data size etc. If the eNB decides to use MT-EDT, the eNB allocates a contention free preamble for the UE.

4. The UE is paged with a paging message that contains information for MT-EDT, i.e. CFRA and FFS RNTI.

In email discussions [106#65][R16 NB-IoT/eMTC] CP MT-EDT and [106#64][R16 NB-IoT/eMTC] UP MT-EDT, a number of other issues have been raised w.r.t the provision of the CFRA and the RNTI.

CFRA: 

The preamble can 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. 
Proposal 1: For eMTC, CEL is signalled with 2 bits.

Proposal 2: For NB-IoT, the NPRACH resource index (i.e. NPRACH repetition level) is signalled with 2 bits.
For eMTC, in addition to the CEL, preamble index and PRACH Mask index are included in the PDCCH order, which are needed to determine the PRACH resource. 
Proposal 3: For eMTC, preamble index (6 bits) and PRACH mask index (4 bits) are signalled.
For NB-IoT, in addition to the number of PRACH repetitions, preamble format indicator, subcarrier index and carrier index are included in PDCCH order. 
Proposal 4: For NB-IoT, preamble format indicator (1 bit), subcarrier index (5 or 7 bits) and carrier index (4 bits) are signalled.
In order to minimize the overhead of the paging message, only one CFRA resource for one given CEL is provided in the paging message. If the actual CEL of the UE based on measured RSRP is different, the UE can ‘adapt’ the PRACH resource according to predetermined rules, e.g. use the number of repetitions associated to the actual CEL level, or select another PRACH resource in a similar way to CEL level change during PDCCH order in NB-IoT.
Proposal 5: Only one CFRA resource for a given CEL is provided in the paging message. Rules are defined for the resource to be adapted to the measured CEL level.
RNTI:
In our view, a dedicated RNTI needs to be provided in the paging message. In order to minimize the overhead of the paging message, a pool of RNTIs can be reserved for MT-EDT and only the index of the RNTI in this pool will need to be signalled. 
Proposal 6: Define a pool of RNTIs for MT-EDT and signal the RNTI as the index of the RNTI in this pool. 
5. The UE responds to the paging message with a PRACH transmission using the preamble assigned in the paging message. 
In legacy RACH, power ramping and preamble retransmission is supported. MT-EDT is not a random access procedure and the resource is dedicated, it is preferable to avoid power ramping and retransmission to reduce the latency and power consumption, this is similar to the transmission of a physical layer scheduling request in NB-IoT. This would also avoid to reserve the dedicated preamble for a long time. 
Proposal 7: Preamble retransmission is not supported.
In absence of retransmission, a high performance of preamble transmission is required, this is usually achieved by adjusting the power of the UL transmission and should be discussed in RAN1. 

Proposal 8: Send a LS to RAN1 to ask them to consider power control for the preamble transmission in MT-EDT. 
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 needs to retrieve the UE context internally or from another eNB and in order to do so, the eNB needs the ResumeID of the UE. One option is to store it in the MME with the UE CONTEXT SUSPEND REQUEST message and the MME to send it back in the S1 paging message. 

Proposal 9: For the UP solution, the UE 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.

For the CP solution, the eNB needs to send a S1-AP initial UE message to the MME. As there is no NAS PDU received from the UE, the initial UE message procedure needs to be modified.

Proposal 10: For the CP solution, RAN2 to liaise with RAN3 and CT1 to define a new S1-AP initial UE message procedure not carrying a NAS PDU for MT-EDT.
7. The MME/S-GW delivers the DL data to eNB. For the CP solution, the DL data delivery may be performed in Step 6 along with the connection establishment procedure.
8. The eNB transmits the DL data using the allocated RNTI in response to the PRACH transmission to the UE. 
For the UP solution, since the DRB(s) has been resumed and security is reactivated, the eNB can send the DL data ciphered. 

In our view, a RRC message, integrity protected and ciphered, should be multiplexed with the downlink data to provide authentication of the eNB at the UE. It could also carry, e.g. a NCC or a ResumeId for the next connection. Additionally, some other parameters such as redirection parameter can also be provided in the RRC message.
Proposal 11: For the UP solution, the DL transmission includes DL data, a DL RRC message (including NCC, optionally a new ResumeId and some other parameters such as redirection parameter) and TA.
Proposal 12: For the UP solution, the DL data is ciphered and the DL RRC message is ciphered and integrity protected.
In the UE side, prior to receive the data, the UE shall restore the AS context, reactivate security and resume SRBs and DRBs. In our view, the simplest way is to do it before MSG2 reception, in a similar way to MO-EDT. This requires that the UE has been provided with a NCC in the previous connection.

Proposal 13: For the UP solution, the UE restores the AS context, reactivates security and resumes SRB(s)/DRB(s) when sending the CFRA for MT-EDT. The UE needs to have been provided with a NCC in the previous connection.
For the CP solution, the DL data are encapsulated in a NAS PDU and will be carried in a RRC message. SA3 has been asked by SA2 to look at the security aspect

Proposal 14: For the CP solution, the downlink data are included as a NAS PDU in a RRC message.
9. The UE performs a UL transmission optionally carrying an UL application acknowledgement to complete the procedure.
In email discussions [106#65][R16 NB-IoT/eMTC] CP MT-EDT and [106#64][R16 NB-IoT/eMTC] UP MT-EDT, a number of other issues have been raised w.r.t. the UL grant for the UL transmission in response to the DL data:

· How to provide the UL grant?

One option is to provide the UL grant via further scheduling after the DL data transmission; this is the same as legacy dedicated DL transmission. 
· How to decide the size of the UL grant?

Considering there is no prior information about the potential UL data, the eNB has to decide the size of the UL grant blindly. One option is to reuse the flexible TBS scheme introduced in MO-EDT.
Proposal 15: The UL grant for the UL transmission in response the DL data is provided by further scheduling.
Proposal 16: Reuse the flexible TBS scheme introduced for MO-EDT to address the issue of the UL grant size.

RAN2 has agreed to introduce a mechanism to acknowledge that Msg2 was received by the intended UE, this will address the charging issue raised in SA2 LS. A straightforward way is to introduce a secure UL response to Msg2. 
Proposal 17: The UL transmission in response to the DL data includes an UL RRC message and possible UL data.

Proposal 18: For the UP solution, the UL RRC message is integrity protected and ciphered by AS security.

Proposal 19: For the CP solution, the UL RRC message carries a NAS PDU integrity protected and ciphered by NAS security. 

Proposal 20: For the UP solution, upon reception of the UL transmission, the eNB authenticates the UE, and then delivers the data to S-GW and releases the UE context in the source eNB.

Proposal 21: For the CP solution, the eNB forwards the NAS PDU to the MME that will authenticate the UE.

Finally, after successful UL transmission if there is no further data pending, the MT-EDT procedure ends. There is no need for a further DL message. 

Proposal 22: If there is no further UL data, upon successful UL transmission, the MT-EDT procedure ends. There is no need for a further DL message.

Then the eNB suspends the S1 connection, stores the UE context and suspends the UE or initiates the S1 release procedure.
3 Proposals
In this contribution, we discussed the open issues for Msg2 based option and we proposed:
Proposal 1: For eMTC, CEL is signalled with 2 bits.

Proposal 2: For NB-IoT, the NPRACH resource index (i.e. NPRACH repetition level) is signalled with 2 bits.

Proposal 3: For eMTC, preamble index (6 bits) and PRACH mask index (4 bits) are signalled.
Proposal 4: For NB-IoT, preamble format indicator (1 bit), subcarrier index (5 or 7 bits) and carrier index (4 bits) are signalled.

Proposal 5: Only one CFRA resource for a given CEL is provided in the paging message. Rules are defined for the resource to be adapted to the measured CEL level.

Proposal 6:  Define a pool of RNTIs for MTD-EDT and signal the RNTI as the index of the RNTI in this pool. 

Proposal 7: Preamble retransmission is not supported.

Proposal 8: Send a LS to RAN1 to ask them to consider power control for the preamble transmission in MT-EDT. 

Proposal 9: For the UP solution, the UE 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.

Proposal 10: For the CP solution, RAN2 to liaise with RAN3 and CT1 to define a new S1-AP initial UE message procedure not carrying a NAS PDU for MT-EDT.

Proposal 11: For the UP solution, the DL transmission includes DL data, a DL RRC message (including NCC, optionally a new ResumeId and some other parameters such as redirection parameter) and TA.

Proposal 12: For the UP solution, the DL data is ciphered and the DL RRC message is ciphered and integrity protected.

Proposal 13: For the UP solution, the UE restores the AS context, reactivates security and resumes SRB(s)/DRB(s) when sending the CFRA for MT-EDT. The UE needs to have been provided with a NCC in the previous connection.

Proposal 14: For the CP solution, the downlink data are included as a NAS PDU in a RRC message.

Proposal 15: The UL grant for the UL transmission in response the DL data is provided by further scheduling.

Proposal 16: Reuse the flexible TBS scheme introduced for MO-EDT to address the issue of the UL grant size.

Proposal 17: The UL transmission in response to the DL data includes an UL RRC message and possible UL data.

Proposal 18: For the UP solution, the UL RRC message is integrity protected and ciphered by AS security.

Proposal 19: For the CP solution, the UL RRC message carries a NAS PDU integrity protected and ciphered by NAS security. 

Proposal 20: For the UP solution, upon reception of the UL transmission, the eNB authenticates the UE, and then delivers the data to S-GW and releases the UE context in the source eNB.

Proposal 21: For the CP solution, the eNB forwards the NAS PDU to the MME that will authenticate the UE.

Proposal 22: If there is no further UL data, upon successful UL transmission, the MT-EDT procedure ends. There is no need for a further DL message.
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