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1	Introduction
In the Rel-16 WIDs for both LTE-M [1] and NB-IoT [2], one of the objectives is to specify support for MT EDT:
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
MT EDT was discussed in recent RAN2#103bis, RAN2#104, and RAN2#105 meetings with following agreements:
· RAN2 intends to support MT-initiated EDT for both CP and UP solutions.
· The intention to use MT-EDT is for user data, i.e. not for NAS signalling.
· MT EDT are evaluated at least based on battery life, network resource efficiency, security, reliability and potential impact on core network.
· MT-EDT is intended for DL data which can be transmitted in one transport block.
· Use cases that require DL data transmission with or without UL data transmission as a response should be supported for MT-EDT.
· 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).
The discussion in recent RAN2#105 is based on the email discussion [104#49] [3]. The agreements mean companies now focus on the two remaining options, i.e., either or both of which will be specified are DL data transmission after the preamble transmission, i.e., Msg2 option and DL data transmission in Msg4, i.e., Msg4 option.
As indicated in our replies in the email discussion [104#49], our first preference is DL data in Msg4 option and then DL data after preamble. This contribution discusses in detail our UP and CP solutions for DL data after preamble. Detailed solutions for DL data in Msg4 are discussed in [4]. A draft LS to other WGs asking relevant questions for the two MT-EDT options is provided in [5].

[bookmark: _Ref178064866]2	Discussion
2.1	Common Aspects
This section discusses some aspects applicable to both CP and MT UP-EDT. Some aspects specific to UP and CP solutions will be discussed in next section.
At a high-level description (see also 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, 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.
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.
In MT calls, the MME is notified about the arrival of DL data and then pages the UE in both UP and CP solutions. Thus, the initiation of MT EDT can be determined by MME. In addition, as recently agreed in RAN2, MT EDT is intended for DL data that can be transmitted in one transport block. It is proposed that MME determines initiation of MT-EDT based on DL data size.
[bookmark: _Toc4713072]MME determines initiation of MT-EDT based on DL data size for both UP and CP solution.
For transmission of DL data in response to the CFRA preamble in Msg1, the legacy Random Access Response (in Msg2) cannot be directly used since it was not designed for carrying DL data to UE. Instead, as detailed in the following, Msg2 should include DL data, timing advance and other required information.
For example, as agreed in recent meeting, there should be a possibility to send UL feedback or potential UL data transmission in response to the DL data. Therefore, similar to the legacy random access, timing advance command is needed for the UE to obtain synchronization with network. In addition, the UE also needs UL grant at least in case of UL transmission in response to DL data transmission.
[bookmark: _Toc4713062]UE needs timing advance command for any UL transmission in response to DL data. UE also needs UL grant for transmission in response to DL data.
To reduce the signaling overhead and minimize latency for UE, it is proposed to combine the timing advance, UL grant in the DL transmission containing or scheduling DL data.
[bookmark: _Toc4713073]Timing advance command and UL grant are provided together in DL transmission containing or scheduling MT data.
As for UE identity, in legacy, RA-RNTI used to scramble (M)PDCCH for Random Access Response message is associated with the PRACH in which the CFRA preamble is transmitted. Thus, this should not be used to schedule DL data transmission for a specific UE.
[bookmark: _Toc4713063]RA-RNTI cannot be used to schedule DL transmission containing data 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.
[bookmark: _Toc4713074]A UE-specific RNTI is provided to the UE in paging message for scheduling DL transmission containing data.
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: _Toc4713064]Unintended UEs can respond to receive the DL transmission using the dedicated CFRA preamble provided in the paging message. 
Therefore it would be better to protect the CFRA preamble provided in the paging message so that unintended UEs cannot simply use the allocated preamble in the PRACH transmission in response to paging. RAN2 should send an LS to other groups, e.g., SA3, RAN1 to receive feedback on how to do so t.
In this MT EDT DL data after preamble option, 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: _Toc4713065]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 establish/resume S1-connection in CP and UP solution, respectively.
[bookmark: _Toc4713075]S1-connection is established/resumed upon reception of Msg1 at the eNB to have the DL data available for MT-EDT.
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: _Toc4713066]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.
For the network to know that its DL data was successfully delivered to the intended UE, 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, i.e., with no authentication. Thus, an integrity protected UL transmission in response to DL data may be needed. This means UL response is needed in this DL data after preamble option irrespective of whether there is UL data .
[bookmark: _Toc4713067]For the network to know if DL data was successfully sent to the intended UE, secure acknowledgment from the UE is needed.
[bookmark: _Toc4713076]UE sends a protected response to MT DL data transmission irrespective of having UL data or not. 
[bookmark: _Toc4713077]The RRCConnectionResumeRequest and RRCEarlyDataRequest are used in the UL response (Msg3) in UP and CP solution, respectively.
Another aspect is given that the UE sends a UL response always, what would be content of the UL message in response to DL data and how the UE can be released. For example, existing RRCEarlyDataRequest and RRCEarlyDataComplete can be used in CP solution, while RRCConnectionResumeRequest and RRCConnectionRelease can be used in UP solution. In case there is more data to transmit after Msg3, network falls back to legacy procedure, as in MO-EDT.
[bookmark: _Toc4713078]The RRCConnectionRelease and RRCEarlyDataComplete are used (in Msg4) to release the connection in UP and CP solution, respectively. 
Similar to the discussion in MT early data in Msg4 in [3], DL data may arrive after the paging procedure resulting in the situation that network needs to send more DL data transmission to the UE after the MT EDT DL transmission. If there is more DL data than fitting in one DL transmission, the network may fallback to legacy connection establishment/resume procedure.
[bookmark: _Toc4713068]It is beneficial if the MME/eNB can be aware of DL data size before DL transmission containing MT data to determine whether to send the UE back to RRC_IDLE.
[bookmark: _Ref517959869]2.1	MT UP-EDT
Figure 1 shows an example of signaling flow of the proposed MT UP-EDT solution. One UP-specific aspect is context handling.
Different from legacy resume procedure in which UE sends a resume request that triggers the context retrieval at the target eNB, in this MT EDT option, eNB still needs UE context for at least protection of data before DL data transmission. However, the information needed for retrieval of UE context is not available upon reception of the PRACH transmission.
[bookmark: _Toc525888978][bookmark: _Toc4713069]In MT UP-EDT, eNB needs to obtain UE context before DL data transmission.
There are different ways for context retrieval. Considering X2 context retrieval as a baseline, it is possible that the source eNB, MME, and target eNB communicate and exchange information needed for context retrieval during suspend procedure and S1 paging procedure.
[bookmark: _Toc4713079][bookmark: _Toc525888986]In MT UP-EDT, to allow for target eNB to obtain UE context, it is proposed that
a. [bookmark: _Toc4713080]Source eNB provides MME with information needed for retrieval of UE context at suspension
b. [bookmark: _Toc4713081]MME provides target eNB in S1 paging message with the information needed for retrieval of UE context
c. [bookmark: _Toc4713082]Upon reception of Msg1 with CFRA PRACH, target eNB obtains context from source eNB using the information provided by MME.

[image: ]
[bookmark: _Ref504488826]Figure 1: Example of signaling flow for MT UP-EDT in case of resume to a new eNB (s_eNB: source eNB, t_eNB: target eNB)
The information needed for retrieval of UE context can be resumeID to locate the UE context and security information such as an authentication code to allow the source eNB to trust the target eNB before providing UE context. However, to avoid revealing resumeID to unintended eNBs as well as avoiding the need for the security information, the UE context can be identified in another way, for example, using eNB UE S1AP ID allocated at source eNB. That is, the MME provides the target eNB with the eNB UE S1AP ID received from the source eNB and the ID of source eNB itself instead of resumeID and the security information. In this case, the target eNB needs eNB ID of the source for performing context retrieval. In addition, this approach does not require any changes at suspension.
[bookmark: _Toc4713083][bookmark: _Toc497687708][bookmark: _Toc497688967][bookmark: _Toc497689776][bookmark: _Toc497689813][bookmark: _Toc497743801][bookmark: _Toc497743832][bookmark: _Toc497743856][bookmark: _Toc497743911][bookmark: _Toc497744544][bookmark: _Ref498092161][bookmark: _Toc498092226][bookmark: _Toc498095748][bookmark: _Toc498096063][bookmark: _Toc498096128][bookmark: _Toc498096190][bookmark: _Toc498096866][bookmark: _Toc498096984][bookmark: _Toc498097245][bookmark: _Toc498351213][bookmark: _Toc498352248][bookmark: _Toc498527528][bookmark: _Toc498531506][bookmark: _Toc498531714][bookmark: _Toc498537991][bookmark: _Toc498538019][bookmark: _Toc498592584][bookmark: _Toc498592611][bookmark: _Toc498593201][bookmark: _Toc498593305][bookmark: _Toc498593470][bookmark: _Toc498593532][bookmark: _Toc498593560][bookmark: _Toc498593686][bookmark: _Toc498593862][bookmark: _Toc498594035][bookmark: _Toc498594057][bookmark: _Toc498595026][bookmark: _Toc498609204][bookmark: _Toc498609231][bookmark: _Toc498618143][bookmark: _Toc498618628][bookmark: _Toc498638600][bookmark: _Toc498638684][bookmark: _Toc498644614][bookmark: _Toc498652189][bookmark: _Toc498661961][bookmark: _Toc505092552][bookmark: _Toc510629335][bookmark: _Toc510701089][bookmark: _Toc525888987]In MT UP-EDT, consider following options for the information needed for context retrieval
d. [bookmark: _Toc4713084]resumeID and security information that allows the source eNB to trust target eNB
e. [bookmark: _Toc4713085]eNB UE S1AP ID and source eNB ID.
The X2 based context fetch has some aspects to be considered. The MME would provide identities of UE to multiple eNBs before knowing which is the intended one, i.e., the one which UE is camping on. Another aspect is the overhead of exchanging whole UE context, while maybe part of it is enough for MT EDT transmission.
In addition to retrieval of full UE context via X2 interface, another way is to define a temporary context which is only needed for protection of DL data in MT-EDT at source eNB or MME, which is made known at the UE as well. Then, the MME provides such context to the target eNB for performing MT-EDT. This is to avoid the need for context retrieval procedure, shortening the time the eNB needs to send the DL data in response to a PRACH transmission.
[bookmark: _Toc4713070]In MT UP-EDT, to avoid overhead from context retrieval, temporary context can be defined and provided to target eNB for protection of MT-EDT data.
In MT UP-EDT, there is no need for an explicit indication from the MME to the eNB  for MT EDT. This is because the reception of the UE ID with or without security information in the S1 paging described above can already serve as an indication for MT UP-EDT.
[bookmark: _Toc4713071]In MT UP-EDT, S1 paging message with information for retrieval of UE context can be used as an indication for eNB to initiate MT-EDT.
[bookmark: _Ref517960056]2.2	MT CP-EDT
Figure 2 shows an example of signaling flow of the proposed MT CP-EDT solution. This section discusses some CP-specific aspects.
As mentioned earlier, in legacy, the eNB triggers the S1-connection establishment upon reception of an RRC message from the UE with a UL NAS-PDU. However, in this MT CP-EDT option, without receiving an RRC message from the UE, the eNB still needs to establish S1-connection for having DL data from S-GW/SCEF before it can send DL data to the UE. The eNB triggers establishment of S1-connection at the reception of CFRA PRACH transmission. In case this DL data after preamble option is selected, it is proposed that RAN2 should send an LS and ask RAN3 how this can be done.
[bookmark: _Toc4713086]RAN2 sends an LS to RAN3 asking how eNB can initiate S1-connection establishment upon reception of PRACH transmission.
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[bookmark: _Ref524707327]Figure 2: Example of signaling flow for MT CP-EDT
Different from MT UP-EDT, the indication for initiation of MT EDT should be explicit in the S1 paging message (see Figure 2). 
[bookmark: _Toc4713087]In MT CP-EDT, MME sends an indication in S1 paging message for initiation of MT-EDT.

Conclusion
In the previous sections we made the following observations: 
Observation 1	UE needs timing advance command for any UL transmission in response to DL data. UE also needs UL grant for transmission in response to DL data.
Observation 2	RA-RNTI cannot be used to schedule DL transmission containing data for a specific UE.
Observation 3	Unintended UEs can respond to receive the DL transmission using the dedicated CFRA preamble provided in the paging message.
Observation 4	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 5	The RAR window size may not be sufficient for the eNB to be able to respond a CFRA PRACH transmission.
Observation 6	For the network to know if DL data was successfully sent to the intended UE, secure acknowledgment from the UE is needed.
Observation 7	It is beneficial if the MME/eNB can be aware of DL data size before DL transmission containing MT data to determine whether to send the UE back to RRC_IDLE.
Observation 8	In MT UP-EDT, eNB needs to obtain UE context before DL data transmission.
Observation 9	In MT UP-EDT, to avoid overhead from context retrieval, temporary context can be defined and provided to target eNB for protection of MT-EDT data.
Observation 10	In MT UP-EDT, S1 paging message with information for retrieval of UE context can be used as an indication for eNB to initiate MT-EDT.

Based on the discussion in the previous sections we propose the following:
Proposal 1	MME determines initiation of MT-EDT based on DL data size for both UP and CP solution.
Proposal 2	Timing advance command and UL grant are provided together in DL transmission containing or scheduling MT data.
Proposal 3	A UE-specific RNTI is provided to the UE in paging message for scheduling DL transmission containing data.
Proposal 4	S1-connection is established/resumed upon reception of Msg1 at the eNB to have the DL data available for MT-EDT.
Proposal 5	UE sends a protected response to MT DL data transmission irrespective of having UL data or not.
Proposal 6	The RRCConnectionResumeRequest and RRCEarlyDataRequest are used in the UL response (Msg3) in UP and CP solution, respectively.
Proposal 7	The RRCConnectionRelease and RRCEarlyDataComplete are used (in Msg4) to release the connection in UP and CP solution, respectively.
Proposal 8	In MT UP-EDT, to allow for target eNB to obtain UE context, it is proposed that
a.	Source eNB provides MME with information needed for retrieval of UE context at suspension
b.	MME provides target eNB in S1 paging message with the information needed for retrieval of UE context
c.	Upon reception of Msg1 with CFRA PRACH, target eNB obtains context from source eNB using the information provided by MME.
Proposal 9	In MT UP-EDT, consider following options for the information needed for context retrieval
a.	resumeID and security information that allows the source eNB to trust target eNB
b.	eNB UE S1AP ID and source eNB ID.
Proposal 10	RAN2 sends an LS to RAN3 asking how eNB can initiate S1-connection establishment upon reception of PRACH transmission.
Proposal 11	In MT CP-EDT, MME sends an indication in S1 paging message for initiation of MT-EDT.

[bookmark: _In-sequence_SDU_delivery]References
RP-190532, “Revised WID for Additional MTC enhancements for LTE”, Ericsson, RAN#83, Shenzhen, China, March 2019.
RP-190337, “WID revision: Additional enhancements for NB-IoT”, Huawei, RAN#83, Shenzhen, China, March 2019.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK80][bookmark: OLE_LINK81]R2-1901143, “Report of email discussion [104#49][eMTC & NB-IoT R16] MT EDT”, RAN2#105, February 2019
[bookmark: _Ref1031908]R2-1903829, “MT early data in Msg4”, source Ericsson, RAN2#105bis, April 2019.
[bookmark: _Ref1031578][bookmark: _GoBack]R2-1904523, “Draft LS on Mobile-terminated Early Data Transmission”, source Ericsson, RAN2#105, April 2019
[bookmark: _Ref518495387]S2-185713, “Introducing Early Data Transmission for Control Plane CIoT EPS optimization”, source Qualcomm Incorporated, Huawei, HiSilicon, SA2#127bis, May 2018


	4/4	
image1.png
UE

is_eNB

1. RRC suspend procedure

I;_eNB

MME|

2.51-AP UE context suspend

(s_eNB and MME exchange
»|

6. Paging message (|

CFRA preamble, E-RNTI)

resumelD and sequrity information)

S-GW

4.DL data

5. 81 paging (resumelD and

security info or eNB UE

7. PRACH tran

mission (CFRA preamble)

14. DL data +

8. X2-AP Retrieve UE context

S1AP ID and s_eNB ID)

(resumelD security info or
eNB UE S1AP ID)

9.S1-AP UE context resume

request

11.81-AP UE context resume|
-—

response (DL data size)
12. DL data from S-GW

1
e

notification
(DL data size)

0. Modify beal

ref
N
(DL data size)

security,

13. Resume RBs, re-activate AS

and cipher DL data

ime advance + UL grant

15. Time adjustment, resume
RBs,re-activate AS security,
and decipher data

16. RRCConnectionResul

neRequest + possile UL data

17. RRCConnectionR}

elease (resumelD, NCC)

3. DL data
e— "%




image2.png
UE

eNB MME

4. Paging (CFRA preamble, E-RNTI)

3. Paging (UE ID, MT-EDT indication)

S-GWISCEF

2. DL data nofification [« -2 %34

5. PRACH (CFRA preamble)

10. DL data (NAS-PDU) + Timing

6. S1-AP procedure to establish S1-
connection

(DL data size)

7. Modify bearer
(DL data size)

8. DL data

9. S1-AP Downlink message (NAS
PDU [UL response ind], End indication

Advance + UL grant

11. Protected UL ACK with possible

UL data





