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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 RAN2#105bis, following agreements were made:
· 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
This contribution discusses our view on how to develop UP and CP solutions for DL data after preamble with a focus on common aspects for both UP and CP solutions. An accompanying contribution for handling UE context in UP solution is provided in [2]. Our view on the details regarding the Msg4 based option for MT-EDT is provided in [3].
[bookmark: _Ref178064866]2	Discussion
2.1	General description
This section discusses some aspects applicable to both CP and MT UP-EDT. At a high-level description (see Figure 1 and Figure 2), the procedure to enable MT DL data transmission after preamble can be summarized in some steps as below:
1. The UE is paged with a paging message that contains a dedicated contention free preamble (CFRA).
2. The UE responds to the paging message with PRACH transmission using the CFRA preamble to the eNB from which the paging message is received. 
3. The eNB, upon reception of the PRACH transmission with CFRA preamble from the UE, communicates with the core network (MME/S-GW/SCEF) to have DL data forwarded to MME/eNB to be sent to the UE. In case of UP solution, the eNB may need to obtain UE context from another network node where the context is stored for protection of DL data transmission [2].
4. The eNB then transmits the DL data in response to the PRACH transmission to the UE. In case of CP solution, the eNB forwards the DL NAS PDU received from the MME.
5. In case the reliable delivery of MT DL data is needed, the UE needs to provide the network with a security protected UL response to the DL data transmission.
2.2 	S1-connection establishment/resumption
It is necessary to have DL data at MME/eNB before eNB sends the 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 significantly earlier than in legacy so that S-GW/SCEF can forward DL data to MME/eNB before DL transmission.
[bookmark: _Toc7752856]MT DL data can only be forwarded to MME/eNB if there exists a UE-associated logical S1-connection between eNB and MME in CP/UP MT-EDT solution.
Thus, to have DL data available for MT EDT, upon reception of Msg1, the eNB should somehow establish/resume a S1-connection in CP and UP solution, respectively.
[bookmark: _Toc7752845]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). This cannot be the case in MT-EDT Msg2-based option. Thus, 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: _Toc7752846]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
It was agreed that a CFRA preamble is sent to the UE in the paging message. As for UE identity, 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.
[bookmark: _Toc7752857]RA-RNTI cannot be used to schedule DL 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 the release message, similar to the concept of NCC signaling in MO-EDT. This approach means RNTI may be assigned and provided to UEs who do not actually perform MT-EDT, i.e., over-provisioning issue. We prefer the former approach. 
[bookmark: _Toc7752847]A UE-specific RNTI is provided to the UE in paging message for scheduling DL transmission containing data.
2.4 	Contents of Msg2
For transmission of DL data, the legacy Random Access Response (in Msg2) cannot be directly used since it was not designed for carrying or scheduling any DL user data. Thus, in addition to control information, Msg2 should include also DL data or information scheduling DL data. 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: _Toc7752858]UE needs timing advance command for any UL transmission in response to DL data. UE also needs an UL grant for transmission to respond to DL data.
To reduce the signaling overhead and minimize latency, it is proposed to combine the timing advance, UL grant in the DL transmission containing DL data. This DL transmission is referred to as Msg2 in this contribution.
[bookmark: _Toc7752848]Timing advance command and UL grant are included in Msg2 transmission with MT-EDT DL data.
It has been agreed that for UP solution, DL data are ciphered and sent over DTCH. For CP solution, it is assumed that DL data is contained in a NAS PDU which is piggybacked with an RRC message. The existing RRCEarlyDataComplete can be considered.
[bookmark: _Toc7752849]RRCEarlyDataComplete is used in Msg2 for MT CP-EDT.
2.5 	Security and reliability
There is a security aspect with sending DL data to the UE just after receiving a PRACH transmission, i.e., reception of CFRA preamble may not be sufficient to authenticate UE: Any unintended UE in the same tracking area receiving the paging message containing information about the CFRA preamble can respond the paging with a CFRA PRACH transmission as if it is the intended UE.
[bookmark: _Toc7752859]Unintended UEs can respond to receive the DL transmission using the dedicated CFRA preamble provided in the paging message. 
Note that protection of CFRA preamble can be provided. But assuming that there are a limited/small number of CFRA preambles, attackers can still guess and attempt, i.e., the problem cannot be avoided.
In addition, if the E-RNTI is sent unprotected via paging, unintended UEs can monitor and receive DL data in Msg2. In addition, it may be possible to guess the E-RNTI from the DCI and CRC, i.e., encryption of E-RNTI may not be effective. Furtherr, without proper key, it is not able to decipher the DL data. If the Msg2-based solution is agreed, RAN2 should send an LS to SA3 asking their view on this aspect.
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: _Toc7752860]For the network to know if DL data was successfully sent to the intended UE, secure acknowledgment from the UE is needed.
[bookmark: _Toc7752850]UE sends a protected UL response to MT DL data transmission irrespective of having UL user data or not. 
[bookmark: _Toc7752851]The RRCConnectionResumeRequest and RRCEarlyDataRequest are 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 	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: _Toc7752852]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: _Toc7752853][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: _Toc7752861]“End indicator” from MME to eNB introduced for MO CP-EDT can be used to facilitate immediate release in MT CP-EDT.
In UP solution, in case there is no more data transmissions, the eNB should be aware of DL data condition before sending Msg2. The information about DL data size can be included, for example, in the S1-AP Connection resume response (step 11 in Figure 2) so that the eNB can decide to release the UE after receiving the UL response.
[bookmark: _Toc7752862]For UP solution, it is beneficial if the eNB can be aware of DL data condition before DL data transmission to determine whether to send the UE back to RRC_IDLE upon reception of UL response.
However, in case there is more data to transmit after the UL response, for example, DL data which arrives after the paging procedure, the network should fall back to legacy procedure with Msg4, i.e., resume/setup the connection with RRCConnectionResume/ RRCConnectionSetup, as in MO-EDT.
[bookmark: _Toc7752854]Fallback to legacy connection setup/resume is supported with RRCConnectionSetup/RRCConnectionResume in Msg4.
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: _Toc7752863]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: _Toc7752855]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 [2], examples of signaling flow for CP and UP solutions are provided in Figure 1 and Figure 2Error! Reference source not found., 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 in CP/UP MT-EDT solution.
Observation 2	RA-RNTI cannot be used to schedule DL transmission for a specific UE.
Observation 3	UE needs timing advance command for any UL transmission in response to DL data. UE also needs an UL grant for transmission to respond to DL data.
Observation 4	Unintended UEs can respond to receive the DL transmission using the dedicated CFRA preamble provided in the paging message.
Observation 5	For the network to know if DL data was successfully sent to the intended UE, secure acknowledgment from the UE is needed.
Observation 6	“End indicator” from MME to eNB introduced for MO CP-EDT can be used to facilitate immediate release in MT CP-EDT.
Observation 7	For UP solution, it is beneficial if the eNB can be aware of DL data condition before DL data transmission to determine whether to send the UE back to RRC_IDLE upon reception of UL response.
Observation 8	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	Timing advance command and UL grant are included in Msg2 transmission with MT-EDT DL data.
Proposal 5	RRCEarlyDataComplete is used in Msg2 for MT CP-EDT.
Proposal 6	UE sends a protected UL response to MT DL data transmission irrespective of having UL user data or not.
Proposal 7	The RRCConnectionResumeRequest and RRCEarlyDataRequest are 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 8	For UP solution, the RRCConnectionRelease is used in Msg4 to release the connection.
Proposal 9	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 10	Fallback to legacy connection setup/resume is supported with RRCConnectionSetup/RRCConnectionResume in Msg4.
Proposal 11	RAN2 to discuss size and start of the response window after CFRA preamble for monitoring MT-EDT DL data.
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