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1	Introduction
MT EDT was discussed in recent four RAN2 meetings, i.e., from RAN2#103bis. RAN2 now focus on the two remaining options, i.e., DL data transmission after the preamble transmission, i.e., Msg2 option and DL data transmission in Msg4, i.e., Msg4 option.  In recent RAN2#106 meeting, the following agreements were made:
- DL data scheduled, i.e. DL grant, in paging message is excluded (Opt C).
- DL data scheduled in paging occasion is excluded (Opt D).
- DL data transmitted in Msg4 option B is excluded (Msg4-B).

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.

For Msg4-based solution (if agreed)
- Working assumption: UE should be able to indicate in Msg3 if it intends to send data in the UL.
In addition, two email discussions are being progressed to primarily identify open issues in both Msg2-based and Msg4-based solutions for MT UP-EDT and MT CP-EDT in [2] and [3], respectively. Solutions to some identified issues are also briefly discussed in the email discussions. It is assumed that RAN2 will focus on the two email discussion reports in RAN2#107. This contribution elaborates our views expressed in the two email discussions for Msg2-based UP and CP solutions. Corresponding discussions about Msg4-based solution are are provided in [4].
[bookmark: _Ref178064866]2	Discussion
2.2 	S1-connection establishment/resumption
It is necessary to have DL data at MME/eNB before eNB can send DL transmission containing or scheduling DL data, i.e., before eNB receives Msg3. This requires the establishment/resumption of the UE-associated logical S1-connection before Msg2 transmission, i.e., significantly earlier than in legacy so that S-GW/SCEF can forward DL data to MME/eNB before DL transmission. Thus, upon reception of Msg1, the eNB should somehow establish/resume a S1-connection in CP and UP solution, respectively.
[bookmark: _Toc16677186][bookmark: _Toc16677793][bookmark: _Toc16682301][bookmark: _Toc16784811][bookmark: _Toc16806758]MT DL data can only be forwarded to MME/eNB if there exists a UE-associated logical S1-connection between eNB and MME.
[bookmark: _Toc16677193][bookmark: _Toc16677802][bookmark: _Toc16682310][bookmark: _Toc16784819][bookmark: _Toc16806763]RAN2 assumes some form of S1-connection needs to be established/resumed upon reception of Msg1 at the eNB to have the DL data available for MT-EDT.
In MO-EDT, the eNB triggers the S1-AP procedure for connection establishment/resumption, i.e., S1-AP initial UE message and S1-AP UE context resume, respectively, once it receives Msg3 with UE ID (e.g., S-TMSI or resumeID). If the Msg2-based option is agreed, it is proposed that RAN2 should liaise with RAN3 and other working groups to specify how to trigger S1-AP initial UE message and UE context resume for MT CP and UP solution, respectively.
[bookmark: _Toc16806764]If Msg2- based option is agreed, RAN2 sends an LS to RAN3 about triggering S1-AP initial UE message and UE context resume for MT CP and UP solution, respectively.
2.3 	UE-specific RNTI
In legacy, RA-RNTI is a common RNTI, which is used to scramble (M)PDCCH for Random Access Response message and is associated with the PRACH in which the CFRA preamble is transmitted. This common RNTI is not suitable for scheduling DL data transmission for a specific UE.
A UE specific RNTI (e.g., MT-EDT RNTI or E-RNTI) should be introduced to schedule the DL transmission. The network can provide this RNTI to the UE via paging message together with the CFRA preamble. This, however, leads to negative impact on paging capability. Another way to signal the RNTI to MT-EDT is, for example, to include the RNTI in Msg2, i.e., providing RNTI for possible MT-EDT procedure in the next connection. This approach means RNTI may be assigned and provided to UEs who do not actually perform MT-EDT in the next connection, i.e., over-provisioning issue. In addition, this leads to other questions such as whether to store the RNTI in UE AS context or not, what if the UE does not appear again after MT-EDT procedure. We prefer the former approach. 
[bookmark: _Toc16806765]A UE-specific RNTI is provided to the UE in paging message for scheduling DL transmission containing data.
2.4 	Contents of Msg2
Currently legacy RAR message containing TA command, UL grant, and temporary C-RNTI is a MAC PDU. The common understanding is Msg2 includes DL data in addition to some control information in existing RAR as well as new RRC signaling. For example, timing advance command is needed for the UE to obtain synchronization with network for UL transmission in response to the DL data. In addition, the UE also needs an UL grant for the UL transmission.
[bookmark: _Toc16806766]Msg2 includes DL data and TA command, UL grant, RRC message with release information.
We assume that in case the UE is moved to RRC_CONNECTED, the UE-specific RNTI can be promoted to C-RNTI and thus there is no need for temporary C-RNTI in Msg2. To reduce the signaling overhead, it is proposed to not reuse the RAR message. Then, it is possible that TA command and UL grant would be sent either in a new MAC CE or in form of IEs in the RRC message in Msg2. Given that the RRC message may be different in UP and CP cases, we prefer the former approach.
[bookmark: _Toc16806767]Define a new MAC CE containing Timing advance command and UL grant to be included in MT-EDT Msg2.
In terms of RRC message in Msg2, for CP solution, the existing RRCEarlyDataComplete is used in MO CP-EDT to end the procedure, whereas it is assumed to have an UL response message irrespective of having UL user data or not. For UP, a RRC message with NCC value, resumeID, IP information, i.e., similar to RRCConnectionRelease, can be defined.
[bookmark: _Toc16806768]For CP solution, define a new DL-CCCH RRC message to be included in Msg2. For UP solution, define a new DL-DCCH RRC message to be included in Msg2.
2.5 	Security and reliability
For reliability, it is desired for the network to know that its DL data was successfully delivered to the intended UE. Thus, there should be a UL feedback in response to DL transmission. A HARQ ACK over PUCCH is not sufficient since such feedback can be sent by any UE and network has no means to know if that is a valid feedback, i.e., such feedback is sent with no authentication. Thus, an integrity protected UL transmission in response to DL data is preferred. This means UL response is needed in this DL data after preamble option irrespective of whether there is UL user data or not. It is proposed to reuse RRCConnectionResume and RRCEarlyDataRequest message for the signaling part in the UL response. Given that the UE always sends a UL response in Msg2-based solutions, Msg3 should include both the signaling discussed above and the possible UL data part.
[bookmark: _Toc16806759]For the network to know if DL data was successfully sent to the intended UE, secure acknowledgment from the UE is needed.
[bookmark: _Toc16806769]UE sends a protected UL response to MT DL data transmission irrespective of having UL user data or not. 
[bookmark: _Toc16806770]The RRCConnectionResumeRequest and RRCEarlyDataRequest can be used in the UL response (Msg3) in UP and CP solution, respectively. UL user data, if any, are sent in Msg3 as in MO-EDT.
2.6 	Fallback
We think fallback can be initiated by either network or the UE. The network initiates fallback after MT-EDT initiation in case of, for example, more DL data arrived after paging, unable to retrieve UE context (in UP solution), or DL data transmission is not successfully acknowledged, i.e., no UL response or UL response received with integrity failure. Whereas, the UE initiates fallback after receiving MT-EDT indication in case, for example, it is not able to perform PRACH transmission according to configuration indicated by the network, or it cannot receive DL data.
[bookmark: _Toc16677797][bookmark: _Toc16682305][bookmark: _Toc16784814][bookmark: _Toc16806760]Fallback is mainly initiated by network but can also be initiated by the UE
The eNB can either page the UE again for a legacy MT call or send a legacy random access response (RAR) message in Msg2 to implicitly indicate the fallback to the UE. The latter is preferred in RAN2.
[bookmark: _Toc16806771]In case of network-initiated fallback, the eNB can send legacy RAR to implicitly indicate the UE the fallback to legacy connection setup/resume. 
It is up to UE to initiate any other legacy procedures if it is not able to perform MT-EDT or no MT-EDT Msg2 is received.
2.6 	Procedure completion
For UP solution, since new resumeID and NCC need to be sent to the UE, the existing RRCConnectionRelease can be used in response to RRCConnectionResumeRequest in case there is no more data transmissions. 
[bookmark: _Toc16806772]For UP solution, the RRCConnectionRelease is used in Msg4 to release the connection. 
In CP solution, in case there is no more data transmissions, the existing RRCEarlyDataComplete or RRCConnectionRelease can be considered to be used in Msg4. However, given no need for such an explicit release message, Msg4 can be skipped for reduced signaling. To skip Msg4, based on DL data condition, e.g., using the End indicator as introduced in MO-EDT, the eNB can indicate in Msg2 that the UE can go to RRC_IDLE without a release message. It is assumed that there is HARQ ACK for Msg3 and the UE waits until the reception of a HARQ ACK and returns to RRC_IDLE.
[bookmark: _Toc7188510][bookmark: _Toc16806773][bookmark: _Toc7187425][bookmark: _Toc7187648][bookmark: _Toc7187809][bookmark: _Toc7187894][bookmark: _Toc7188454][bookmark: _Toc7188511][bookmark: _Toc7188512]For CP solution, the eNB can indicate in Msg2 that the UE can move to RRC_IDLE after sending Msg3 without waiting for a release message.
[bookmark: _Toc16806761]“End indicator” from MME to eNB introduced for MO CP-EDT can be used to facilitate immediate release in MT CP-EDT.
2.7 	Response window
Currently, once preamble is transmitted, UE monitors PDCCH for random access response(s) in the RAR window, whose length is defined by ra-ResponseWindowSize. In MT EDT, it takes time for the eNB to get DL data from S-GW/SCEF before it can schedule DL transmission in response to the PRACH. In addition, in UP solution, the eNB may need to obtain the UE context before the DL transmission. Thus, the current value range of the legacy RAR window size may not be applicable to the case for MT EDT.
[bookmark: _Toc16806762]The RAR window size may not be sufficient for the eNB to be able to respond a CFRA PRACH transmission.
Therefore, it is proposed to consider having a suitable response window dedicated to MT EDT. For example, the value range of the legacy ra-ResponseWindowSize can be extended for MT EDT or a configured offset can be introduced to indicate when the UE should start monitoring for Msg2. This allows for an extended duration in which a MT EDT UE can monitor for data in the DL data in response to the transmitted CFRA preamble.
[bookmark: _Toc16806774]RAN2 to discuss size and start of the response window after CFRA preamble for monitoring MT-EDT DL data.
2.8	Signaling flow
Based on the discussion in previous sections about multiple aspects as well as the options for UE context handling in UP solution discussed in [4], examples of signaling flow for CP and UP solutions are provided in Figure 1 and Figure 2, respectively.

[image: ]
[bookmark: _Ref7647542]Figure 1: Example of signaling flow for MT CP-EDT

[bookmark: _Toc7631960][bookmark: _Toc7633328]
[image: ]
[bookmark: _Ref7647100]Figure 2: Example of signaling flow for MT UP-EDT (s_eNB: source eNB, t_eNB: target eNB)
Conclusion
In the previous sections we made the following observations: 
Observation 1	MT DL data can only be forwarded to MME/eNB if there exists a UE-associated logical S1-connection between eNB and MME.
Observation 2	For the network to know if DL data was successfully sent to the intended UE, secure acknowledgment from the UE is needed.
Observation 3	Fallback is mainly initiated by network but can also be initiated by the UE
Observation 4	“End indicator” from MME to eNB introduced for MO CP-EDT can be used to facilitate immediate release in MT CP-EDT.
Observation 5	The RAR window size may not be sufficient for the eNB to be able to respond a CFRA PRACH transmission.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 assumes some form of S1-connection needs to be established/resumed upon reception of Msg1 at the eNB to have the DL data available for MT-EDT.
Proposal 2	If Msg2- based option is agreed, RAN2 sends an LS to RAN3 about triggering S1-AP initial UE message and UE context resume for MT CP and UP solution, respectively.
Proposal 3	A UE-specific RNTI is provided to the UE in paging message for scheduling DL transmission containing data.
Proposal 4	Msg2 includes DL data and TA command, UL grant, RRC message with release information.
Proposal 5	Define a new MAC CE containing Timing advance command and UL grant to be included in MT-EDT Msg2.
Proposal 6	For CP solution, define a new DL-CCCH RRC message to be included in Msg2. For UP solution, define a new DL-DCCH RRC message to be included in Msg2.
Proposal 7	UE sends a protected UL response to MT DL data transmission irrespective of having UL user data or not.
Proposal 8	The RRCConnectionResumeRequest and RRCEarlyDataRequest can be used in the UL response (Msg3) in UP and CP solution, respectively. UL user data, if any, are sent in Msg3 as in MO-EDT.
Proposal 9	In case of network-initiated fallback, the eNB can send legacy RAR to implicitly indicate the UE the fallback to legacy connection setup/resume.
Proposal 10	For UP solution, the RRCConnectionRelease is used in Msg4 to release the connection.
Proposal 11	For CP solution, the eNB can indicate in Msg2 that the UE can move to RRC_IDLE after sending Msg3 without waiting for a release message.
Proposal 12	RAN2 to discuss size and start of the response window after CFRA preamble for monitoring MT-EDT DL data.
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