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1	Introduction
MT EDT has been discussed in recent RAN2 meetings and RAN2 now focuses on the two remaining options, i.e., DL data transmission after the preamble transmission (Msg2-based option) and DL data transmission in Msg4 (Msg4-based option). In RAN2#105bis, the 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
It is assumed that RAN2 will further discuss how to develop UP and CP solutions based on the two remaining options. This contribution discusses in detail remaining aspects for UP and CP solutions for DL data in Msg4. Detailed solutions for DL data after preamble are discussed in [2].
[bookmark: _Ref178064866]2	Discussion
2.1	Clarification on MT-EDT initiation
In RAN2#105bis, RAN2 assumes that MME initiates MT-EDT and it is up to eNB to perform MT-EDT or not. However, it is not clear based on what information the MME makes such decision. It is our understanding that for the MME to determine whether the MT call is suitable for MT-EDT, it should be aware of UE capability and/or the maximum allowable DL data size, both of which should be provided by the eNB. It is preferred if the MT-EDT can be transparent from the MME’s perspective. Thus, clarifications for the aforementioned agreements are needed. That is, eNB decides MT-EDT initiation based on information about DL data size received from MME via S1 paging. This is applicable for both Msg2-based and Msg4-based solutions.
[bookmark: _Toc7748540]RAN2 should clarify that MME indicates DL data size in the S1 paging message to eNB. eNB decides to perform MT-EDT based on the DL data size and other information e.g., UE capability. This is applicable regardless of Msg2-based or Msg4-based solution.
2.2	Support of UL response
In Msg4-based option, the network can either release the connection or move the UE to RRC_CONNECTED in Msg4. But to decide whether to release the connection or not, the network should have some information whether there will be an UL response before building Msg4. In RAN#105bis, it was discussed whether the network can make such decision. We think it is not worth attempting to make MME and/or eNB aware of whether there is a UL response to DL MT data through signaling to the core network. However, we think the UE should be able to indicate, at least on some cases, if it intends to send a UL response to DL data via an indication in Msg3.
[bookmark: _Toc7748541]UE should be able to indicate in Msg3 if it intends to send a UL response to the network.
DL data may arrive after the paging so that the conditions for MT-EDT is no longer met by the time of sending Msg4. Thus, in addition to UL indication about possible UL response, it is preferred that the eNB knows DL data size before building Msg4 so that it can determine whether the UE can be released or not. We think it would be beneficial if information about DL data size is included in the Modify bearer procedure, as in Figure 1 and Figure 2. Once MME is aware of DL data size, it can include this information or an indication whether the connection can be released or not in the S1-AP message to eNB. For example, in CP solution, based on the information about DL data size, the MME can include the End indication (which was introduced for MO-EDT) in the S1-AP DL NAS message to facilitate the release. Depending on the received information, the eNB can decide whether to release the RRC connection.
[bookmark: _Toc7748537]It is beneficial if the MME/eNB can be aware of DL data size before DL data transmission with data to determine whether to send the UE back to RRC_IDLE.
Thus, it is proposed that RAN2 should send an LS to RAN3/SA2/CT1/CT4 asking to provide MME/eNB with DL data size before DL data transmission with data. In addition, as also discussed in [2], this aspect is applicable to also Msg2-based solutions.
[bookmark: _Toc7187416][bookmark: _Toc7187639][bookmark: _Toc7187800][bookmark: _Toc7187885][bookmark: _Toc7188445][bookmark: _Toc7188502][bookmark: _Toc7748542][bookmark: _Toc7187418][bookmark: _Toc7187641][bookmark: _Toc7187802][bookmark: _Toc7187887][bookmark: _Toc7188447][bookmark: _Toc7188504]RAN2 send an LS to RAN3/SA2/CT1/CT4 asking to provide the MME/eNB with DL data condition before DL transmission with data for determination of connection release.
It is up to network to allocate the UL grant for the UL message in response to Msg4. We assume that in MT-EDT, DL data is dominant and UL response is typically application ACK or some small UL data. Thus, the UL grant for UL message in response to DL data should be as small as possible. As further discussed in next sections, we think the grant size for UL response message should account for at least the RRCConnectionResumeComplete in UP solution and the RRCConnectionSetupComplete in CP solution.
[bookmark: _Toc7748543]RAN2 to discuss UL grant size for the UL transmission in response to DL data.
In case of UL response, it was agreed in RAN2#105b that the RRCConnectionResume is used in Msg4 in the UP solution. This also means that when there is UL response, the UE is moved to RRC_CONNECTED mode for subsequent UL transmission and possible DL data or signaling.
[bookmark: _Toc7748538]In case of UL response, the UE is moved to RRC_CONNECTED mode for subsequent UL transmission.
In CP solution, however, no existing RRC message can be directly used for this purpose. Note that currently if the UE receives the RRCEarlyDataComplete in Msg4, it is not able to send an UL response. Whereas, the existing RRCConnectionSetup does not have a dedicatedInfoNAS IE for carrying DL data. Therefore, either the RRCConnectionSetup in Rel16 is extended to have a dedicatedInfoNAS IE or a new RRC message is defined to be used in Msg4 in this case (UL response). Similar to the definition of RRC messages for MO-EDT, i.e., for being self-contained, a new RRC message (e.g., RRCEarlyDLDataTransfer) is preferred.
[bookmark: _Toc7748544]For CP solution, in case of UL response, a new DL-CCCH RRC message (RRCEarlyDLDataTransfer) with DL NAS PDU and information to setup connection is defined to be sent in Msg4. In case of no UL response, RRCEarlyDataComplete is used in Msg4.
For MT UP-EDT, in case there is an UL transmission in response, UL data can then be multiplexed with RRCConnectionResumeComplete in Msg5. Since the eNB needs to send UE a new resumeID and NCC, legacy RRCConnectionRelease with or without suspend indication can be used in Msg6 to release connection. It is also possible to include release information including resumeID in the resume message in Msg4 and Msg6 can be skipped in case the eNB knows there is no more transmission after Msg5. It is therefore proposed to FFS if the RRCConnectionRelease in Msg6 can be omitted.
[bookmark: _Toc7748545]For UP solution, in case of UL response, RRCConnectionResumeComplete can be used in Msg5 and RRCConnectionRelease can be used in Msg6. FFS if RRCConnectionRelease in Msg6 can be omitted.
For CP solution, the UL transmission can be based on the RRCConnectionSetupComplete or the ULInformationTransfer. The network can release the connection in Msg6 if no more UL or DL data transmission is expected. However, to reduce the signaling of a release message, based on the information about UL data, e.g., via NAS RAI in Msg3 and DL data condition, the eNB can indicate in Msg4 that the UE can go to RRC_IDLE without a release message. For example, the UE does not set the RLC polling for Msg5 and go to RRC_IDLE after a configured time duration.
[bookmark: _Toc7187423][bookmark: _Toc7187646][bookmark: _Toc7187807][bookmark: _Toc7187892][bookmark: _Toc7188452][bookmark: _Toc7188509][bookmark: _Toc7748546][bookmark: _Toc7187425][bookmark: _Toc7187648][bookmark: _Toc7187809][bookmark: _Toc7187894][bookmark: _Toc7188454][bookmark: _Toc7188511]For CP solution, in case of UL response, the eNB can indicate in Msg4 that the UE can move to RRC_IDLE after receiving an HARQ ACK in response to Msg5 without waiting for a release message.
In the remaining part of this contribution, we show signaling flows and discuss some aspects specific to UP and CP solutions, respectively.
2.2	MT UP-EDT
Figure 1 shows an example of signaling flow for the proposed MT UP-EDT solution. 
[bookmark: _Toc4660734][bookmark: _Toc4662062][bookmark: _Toc4662094][bookmark: _Toc4662176][bookmark: _Toc4662269][bookmark: _Toc4663245][bookmark: _Toc4663429][bookmark: _Toc4663460][bookmark: _Toc4663819][bookmark: _Toc4663853]Since there is no need to transmit Msg3 larger than the legacy message, we think legacy rather than MO-EDT type of Msg1 and Msg2 can be used, i.e., the UE does not select EDT preamble in Msg1 and the network does not provide EDT UL grant in Msg2. Note that there is no ambiguity at the eNB side when deciding to include DL data in Msg4 or not. This is because based on the UE ID in the received Msg3, the eNB knows if the UE has been paged for MT-EDT or not. 
In addition, in case the UE missed the MT-EDT paging message and UL data arrive at the same time, the UE would perform MO-EDT if it was provided with an NCC value from previous suspend and thus DL data can be sent in Msg4 as in MO-EDT. Otherwise, if no NCC was provided from previous suspend, the UE triggers legacy random access. In this case, the UE is able to receive DL data in Msg4, with a minor change as discussed in in Proposal 10 below.  
[bookmark: _Toc7748547]Legacy (i.e., non-EDT) Msg1 and Msg2 are used in MT UP-EDT solution .
As discussed earlier, RRC messages in Msg3 and Msg4, i.e., RRCConnectionResumeRequest and RRCConnectionResume, respectively, in MO UP-EDT can be reused for MT UP-EDT solution.
[bookmark: _Toc7748548]The RRCConnectionResumeRequest and RRCConnectionResume are used in Msg3 and Msg4 for MT UP-EDT, respectively.
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[bookmark: _Ref504488826]Figure 1: Example of signaling flow for MT UP-EDT
[bookmark: _Toc4660737][bookmark: _Toc4662065][bookmark: _Toc4662097][bookmark: _Toc4662179][bookmark: _Toc4662272][bookmark: _Toc4663248][bookmark: _Toc4663432][bookmark: _Toc4663463][bookmark: _Toc4663822][bookmark: _Toc4663856]The UE should activate security early enough for receiving Msg4 with ciphered DL data. There are two cases, i.e., the UE has not been provided with any NCC value during previous suspend and the UE has been provided with an NCC value during previous suspend. 
Case 1: NCC was not provided in previous suspend
In the former case (without NCC from suspend), Rel-15 UP-EDT could not be initiated as security for Msg3 could not be activated without NCC. However, for the MT case, EDT could still be performed with some changes, as there is possibility to use the NCC in RRCConnectionResume. Possibility to do this would constitute a more feature rich and robust Msg4-based solution. 
In legacy case, upon reception of the RRCConnectionResume message in Msg4, the UE activates security using the NCC value received in Msg4 itself, resumes bearers, and configures the lower layers to apply the security functions from subsequent messages, as in section 5.3.3.4a in TS36.331 (also copied below):
3>	derive the KRRCenc key and the KUPenc key associated with the previously configured ciphering algorithm, as specified in TS 33.401 [32];
3>	configure lower layers to resume integrity protection using the previously configured algorithm and the KRRCint key immediately, i.e., integrity protection shall be applied to all subsequent messages received and sent by the UE;
3>	configure lower layers to resume ciphering and to apply the ciphering algorithm, the KRRCenc key and the KUPenc key, i.e. the ciphering configuration shall be applied to all subsequent messages received and sent by the UE;
In the highlighted text above, the ciphering is applied to subsequent messages, referring to Msg5 and onward, i.e., excluding the possible DRB SDU in Msg4. For the UE to be able to decipher the ciphered DRB SDU in Msg4, the UE should activate security based on the RRC part in Msg4 to decipher the potential data part. This means that at the UE, the DRB SDU in Msg4 should only be processed at the PDCP layer after the RRC layer has resumed bearers and configured the PDCP layer to apply security. Note that a similar behavior of UE is already possible in Rel-15 MO-EDT, for example, in case the eNB sends DL data in Msg4 and at the same time moves the UE to RRC_CONNECTED mode and reconfigures the connection, for example, to modify DRB or to change RLC mode, with the RRCConnectionResume.
As the data in Msg4 is ciphered using new AS security, the UE would need to buffer the DRB SDU in Msg4 until the new security is activated using the NCC value received in the SRB1 SDU. 
Thus, for the case no NCC was provided in previous suspend, we propose that the UE applies resumed ciphering to all subsequent messages including any DL DTCH data in Msg4:
[bookmark: _Toc7187429][bookmark: _Toc7187652][bookmark: _Toc7187813][bookmark: _Toc7187898][bookmark: _Toc7188458][bookmark: _Toc7188515][bookmark: _Ref7428205][bookmark: _Toc7748549]In case AS security has not been activated before Msg3, at the reception of RRCConnectionResume, RRC layer at the UE configures lower layers to apply ciphering configuration to all subsequent messages including any received DL DTCH data in Msg4.
There is an interesting security aspect for the case of no NCC value provided during suspend. If there is no UL response to DL data in Msg4, the connection should be released with an RRC message in Msg4. In case the release message is RRCConnectionRelease with suspend indication and resumeID, it must be sent protected with ciphering after security activation (according to the protection rules set in Annex A.6 in TS36.331).
[bookmark: _Toc7748539]The RRCConnectionRelease with suspend indication and resumeID in Msg4 must be sent ciphered.
However, since the UE has not activated AS security by the time it receives Msg4, the UE is not able to decipher the RRCConnectionRelease unless there is other signaling in Msg4 that enables the UE to activate security first. One possible way to allow for the release message in Msg4 is to have both RRCConnectionResume (integrity protected only) and RRCConnectionRelease (integrity protected and ciphered) sent in Msg4 together with DL data.
[bookmark: _Toc7748550]In case AS security has not been activated before Msg3, to release connection with Msg4, both RRCConnectionResume and RRCConnectionRelease are sent in Msg4. The former is sent integrity protected, whereas the latter is sent ciphered and integrity protected.
[bookmark: _Toc7748551]Case 2: NCC was provided in previous suspend
This incurs additional signaling overhead in the case of no NCC received from previous suspend. It is therefore desirable to have AS security activation before reception of Msg4, when possible, for not only ciphering of signaling in Msg4 but also reduction of signaling overhead. This is possible in the case when UE has NCC value provided in previous suspend procedure. We propose that any UE being paged for MT-EDT with an NCC value provided from suspend always restores context, reactivates security, and performs security-related actions before Msg3 transmission.
[bookmark: _Toc510701091][bookmark: _Ref513740708][bookmark: _Toc525888989][bookmark: _Toc7748552]The UE being paged for MT-EDT data with NCC value provided during previous suspend always restore context, reactivate security, resume bearers, and derive AS keys before Msg3 transmission.
[bookmark: _Toc4660724][bookmark: _Toc4662053][bookmark: _Toc4662085][bookmark: _Toc4662167][bookmark: _Toc4662260][bookmark: _Toc4663236][bookmark: _Toc4663339][bookmark: _Toc4663361][bookmark: _Toc4663421][bookmark: _Toc4663452][bookmark: _Toc4663812][bookmark: _Toc4663846][bookmark: _Ref517960056]2.3	MT CP-EDT
Figure 2 shows the signaling flow of the proposed MT CP-EDT solution.
To have DL data available at MME before transmitting Msg4, a connection needs to have been established between MME and the S-GW or SCEF (in case of non-IP PDN connection). A straightforward way is to have the UE trigger such connection establishment. This implies that the RRC message in Msg3 cannot be the legacy RRCConnectionRequest because the eNB does not send an Initial UE message to MME upon reception of this legacy Msg3. This, in turn, requires that a UL grant larger than legacy for the non-legacy Msg3 should be provided in Msg2 and as a result the UE should ask for a large grant by selecting a EDT preamble in Msg1, as in MO CP-EDT. 
[bookmark: _Toc7187433][bookmark: _Toc7187656][bookmark: _Toc7187817][bookmark: _Toc7187902][bookmark: _Toc7188462][bookmark: _Toc7188519][bookmark: _Toc525888993][bookmark: _Toc7748553]For MT CP-EDT, UE selects Rel-15 EDT preamble to transmit in Msg1 and the eNB provides a MT-EDT UL grant in Msg2.
Similar to MO-EDT, to enable the forwarding of DL data from S-GW/SCEF to MME before the eNB sends Msg4, once the eNB receives Msg3, it should send to MME the S1-AP Initial UE message to establish a connection between MME and S-GW. Thus, it is proposed that the UE sends a RRCEarlyDataRequest in Msg3.
[bookmark: _Toc7748554]The RRCEarlyDataRequest is used in Msg3 for MT CP-EDT.
[bookmark: _Toc4689590][bookmark: _Toc4707509][bookmark: _Toc4707693]
[image: ]
[bookmark: _Ref524707327]Figure 2: Signaling flow for MT CP-EDT
The RRCEarlyDataRequest has the dedicatedInfoNAS IE as a mandatory field. This IE contains the NAS-PDU and thus has NAS headers and control information as the unavoidable overhead. Without UL data in the NAS-PDU in Msg3, the UE may select one of the TBS values specified in MO EDT. However, there may be unnecessary large padding due to no UL data in Msg3. For example, without user data the RRCEarlyDataRequest is in the size of 160 bits, which is rather smaller than the smallest value of MO-EDT TBS, i.e., 328 bits. It is therefore proposed that the network provides UEs with a new TBS value for MT EDT Msg3.
[bookmark: _Toc525888995][bookmark: _Toc7748555]The UE either selects the smallest suitable TBS value specified for MO EDT Msg3 or a new TBS value is defined for MT EDT Msg3. The latter is preferred.
[bookmark: _Toc4663836][bookmark: _Toc4663870]Conclusion
In the previous sections we made the following observations: 
Observation 1	It is beneficial if the MME/eNB can be aware of DL data size before DL data transmission with data to determine whether to send the UE back to RRC_IDLE.
Observation 2	In case of UL response, the UE is moved to RRC_CONNECTED mode for subsequent UL transmission.
Observation 3	The RRCConnectionRelease with suspend indication and resumeID in Msg4 must be sent ciphered.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should clarify that MME indicates DL data size in the S1 paging message to eNB. eNB decides to perform MT-EDT based on the DL data size and other information e.g., UE capability. This is applicable regardless of Msg2-based or Msg4-based solution.
Proposal 2	UE should be able to indicate in Msg3 if it intends to send a UL response to the network.
Proposal 3	RAN2 send an LS to RAN3/SA2/CT1/CT4 asking to provide the MME/eNB with DL data condition before DL transmission with data for determination of connection release.
Proposal 4	RAN2 to discuss UL grant size for the UL transmission in response to DL data.
Proposal 5	For CP solution, in case of UL response, a new DL-CCCH RRC message (RRCEarlyDLDataTransfer) with DL NAS PDU and information to setup connection is defined to be sent in Msg4. In case of no UL response, RRCEarlyDataComplete is used in Msg4.
Proposal 6	For UP solution, in case of UL response, RRCConnectionResumeComplete can be used in Msg5 and RRCConnectionRelease can be used in Msg6. FFS if RRCConnectionRelease in Msg6 can be omitted.
Proposal 7	For CP solution, in case of UL response, the eNB can indicate in Msg4 that the UE can move to RRC_IDLE after receiving an HARQ ACK in response to Msg5 without waiting for a release message.
Proposal 8	Legacy (i.e., non-EDT) Msg1 and Msg2 are used in MT UP-EDT solution .
Proposal 9	The RRCConnectionResumeRequest and RRCConnectionResume are used in Msg3 and Msg4 for MT UP-EDT, respectively.
Proposal 10	In case AS security has not been activated before Msg3, at the reception of RRCConnectionResume, RRC layer at the UE configures lower layers to apply ciphering configuration to all subsequent messages including any received DL DTCH data in Msg4.
Proposal 11	In case AS security has not been activated before Msg3, to release connection with Msg4, both RRCConnectionResume and RRCConnectionRelease are sent in Msg4. The former is sent integrity protected, whereas the latter is sent ciphered and integrity protected.
Proposal 12	The UE being paged for MT-EDT data with NCC value provided during previous suspend always restore context, reactivate security, resume bearers, and derive AS keys before Msg3 transmission.
Proposal 13	For MT CP-EDT, UE selects Rel-15 EDT preamble to transmit in Msg1 and the eNB provides a MT-EDT UL grant in Msg2.
Proposal 14	The RRCEarlyDataRequest is used in Msg3 for MT CP-EDT.
Proposal 15	The UE either selects the smallest suitable TBS value specified for MO EDT Msg3 or a new TBS value is defined for MT EDT Msg3. The latter is preferred.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref450426][bookmark: _Ref527643528][bookmark: _Ref525839062][bookmark: _Ref524609457][bookmark: _Ref513739289][bookmark: _Ref527643720][bookmark: _Ref174151459][bookmark: _Ref189809556]R2-1905262, “RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC”, BlackBerry, RAN2#105bis, April 2019.
[bookmark: _Ref532174]R2-1906930, “MT early data after preamble”, source Ericsson, RAN2#106, May 2019.
[bookmark: _Ref1031578]R2-1906931, “Handling UE context for Msg2-based MT UP-EDT”, source Ericsson, RAN2#106, May 2019.
R2-1905276, “LS on Mobile-terminated Early Data Transmission” source RAN2, RAN2#105bis, 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
0. NCC stored from
previous suspend

4. Paging (MT EDT indication)

5. RA Preamble & Response

6. RBs and
resumed

AS security
/activated

7. RRCConnResumeRequest

(resumelD, resumeCause,
shortResumeMAC-I)

12. RRCConnRelease or

2. DL data

3. Paging
(DL data size)

8. S1-AP: UE Context Resume R

10. S1-AP: UE Context Resume

RRCConnResume + DL data

13. RRCConnResumeComplete

Resp (DL data size)
11. DL data

Notification

(DL data size)

eq
9 Modify bearer

(DL data size)

1. DL data

——

14. More UL/DL





image2.png
1. DL data
2. DL data Notification [«———

(DL data size)

3. Paging

4. Paging (MT EDT indication)
(MT EDT indication)

5. EDT Preamble

6. Random Access Response
(UL grant with a new TBS

value )
7. RRCEarlyDataRequest
NAS CPSR PDU [w/o UL data]) 8. S1-AP: Initial UE Message
(NAS CPSR) le -9 Modify bearer __

(DL data size)
10. DL data

11. S1-AP: UE Context Release
(NAS

12. RRCEarlyDataComplete or New PDU). End indication

RRC message (DL data)





