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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.
· [bookmark: OLE_LINK42][bookmark: OLE_LINK43]MT EDT are evaluated at least based on battery life, network resource efficiency, security, reliability and potential impact on core network.
· [bookmark: OLE_LINK221][bookmark: OLE_LINK222]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 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. 
This contribution discusses our preferred UP and CP solutions for DL data in Msg4. Detailed solutions for DL data after preamble are discussed in [4]. A draft LS to other WGs asking relevant questions is provided in [5].
[bookmark: _Ref178064866]2	Discussion
2.1	Support of UL response
As agreed in RAN2#104, the MT-EDT solution should support both use cases with or without UL data transmission as a response to DL data. This was also discussed in the email discussion [3] during RAN2#105. In Msg4-based option, this means the network can either release the connection or move the UE to RRC_CONNECTED in Msg4.
One aspect to be considered is how the network can determine whether there is UL response or not when sending Msg4. It is not clear if such determination should be based on some information from the UE or if the network (MME/eNB) can decide itself. We think the UE should be able to indicate if it intends to send a UL response to DL data via UL indication, for example, in Msg3. Alternatively, if the network (MME/eNB), before initiating MT-EDT, knows that an UL response to DL data is expected, it can also indicate this to the UE, for example, in paging. RAN2 should discuss this aspect.
[bookmark: _Toc4713636]RAN2 should discuss how the network can determine whether there is UL transmission in response to DL data.
If Msg4 is to release the connection, i.e., no UL response, it is straightforward that the RRCConnectionRelease and RRCEarlyDataComplete used in MO-EDT can be reused in Msg4. However, in case of UL transmission in response to DL data, it is to discussed what RRC message should be included in Msg4. For example, the RRCConnectionResume can be used in the UP solution, but no existing RRC message can be used for this purpose in the CP solution. Note that currently if the UE receives the RRCEarlyDataComplete, it is not able to send UL response and it is not possible to include a DL NAS PDU in RRCConnectionSetup.
[bookmark: _Toc4713637]In case of UL transmission in response, RRCConnectionResume is used in Msg4 for UP solution. A new DL-CCCH RRC message (RRCEarlyDLDataTransfer) with DL NAS PDU and information to setup connection is defined to be sent in Msg4 for CP solution.
In the remaining part of this contribution, we discuss in detail the solutions for UP and CP with the assumption that Msg4 with DL data can either release the connection or move the UE to RRC_CONNECTED mode for subsequent UL transmission in response to DL data. For both UP and CP solutions, the discussion covers initiation of MT-EDT, MT-EDT indication from network to the UE, signaling flow, content of messages (Msg1 – Msg6), security activation (for UP), and determination of connection release in Msg4.
2.2	MT UP-EDT
Figure 1 shows an example of signaling flow for the proposed MT UP-EDT solution. In MO UP-EDT solution, it was agreed in RAN2#102 that the DL data is optionally multiplexed with the RRCConnectionResume in Msg4 and segmentation in Msg4 is up to the network.
· For UP solution, DL data can be multiplexed with the RRCConnectionResume in Msg4.
· Segmentation is not supported for EDT Msg3. It is up to the network for EDT Msg4, i.e. RRCConnectionResume msg.
[bookmark: _Toc525888978][bookmark: _Toc4713627]For UP solution, DL data can already be multiplexed with the RRCConnectionResume in Msg4.
In other words, in MO UP-EDT, DL data in Msg4 is possible for any DL data size. However, it is not the case in MT EDT. It was agreed in RAN2#104 that MT-EDT is intended for DL data which can be transmitted in one transport block. This means the eNB needs to determine the initiation of MT-EDT based on DL data size. 
[bookmark: _Toc4713628]In MT UP-EDT, eNB needs to be aware of DL data size during paging to determine whether to initiate MT-EDT.
We think the information about DL data size can be provided to eNB as illustrated in Figure 1, i.e., DL data size is included in the DL data notification and S1 paging message to inform eNB. Depending on the received information, the eNB can decide whether to initiate MT-EDT accordingly. It is therefore proposed that RAN2 ask other groups to provide eNB with DL data size during paging (see Proposal 14).
It would be beneficial to have also a MT-EDT indication in the paging message to the UE since the UE can prepare itself for receiving DL data in Msg4 and possibly indicate relevant information to the network, for example, to facilitate the support of UL transmission in response.
[bookmark: _Toc4660734][bookmark: _Toc4662062][bookmark: _Toc4662094][bookmark: _Toc4662176][bookmark: _Toc4662269][bookmark: _Toc4663245][bookmark: _Toc4663429][bookmark: _Toc4663460][bookmark: _Toc4663819][bookmark: _Toc4663853][bookmark: _Toc525888986][bookmark: _Toc4713638]For MT UP-EDT solution, eNB sends a MT EDT indication to the UE via paging.
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[bookmark: _Ref504488826]Figure 1: Example of signaling flow for MT UP-EDT
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 need to provide EDT UL grant in Msg2.
[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][bookmark: _Toc4713639]Legacy (i.e., non-EDT) Msg1 and Msg2 are used in MT UP-EDT solution (i.e., for the case of no UL data in Msg3).
As discussed earlier, RRC messages in Msg3 and Msg4 in MO UP-EDT can be reused for MT UP-EDT solution.
[bookmark: _Toc4660737][bookmark: _Toc4662065][bookmark: _Toc4662097][bookmark: _Toc4662179][bookmark: _Toc4662272][bookmark: _Toc4663248][bookmark: _Toc4663432][bookmark: _Toc4663463][bookmark: _Toc4663822][bookmark: _Toc4663856][bookmark: _Toc4713640]The MO UP-EDT Msg3 and Msg4 RRC messages are reused for MT UP-EDT.
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. 
In the former case (without NCC from suspend), currently, upon reception of the RRCConnectionResume message with NCC value, the UE activates security using the received NCC value, 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;
As in the highlighted text above, the ciphering is applied to subsequent messages. It is our understanding that subsequent messages here refer to content of Msg5 onward, i.e., excluding Msg4. Thus, for the UE to be able to decipher the ciphered DRB SDU in Msg4, the UE should start applying activated security to the potential data part in Msg4. 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. We think this is an implementation specific detail. In other words, DL data in Msg4 in UP solution is possible with a minor change to the highlighted text above.
[bookmark: _Toc4713629]It is possible for the UE to receive ciphered DL data in Msg4 with a text change in TS36.331, i.e., start applying ciphering configuration for potential DTCH SDU in Msg4.
[bookmark: _Toc4713641]In case AS security has not been activated before Msg3, at the reception of RRCConnectionResume, RRC layer configures lower layers to apply ciphering configuration to all subsequent messages including any received DL DTCH data.
There is an interesting 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. The release message can be RRCConnectionRelease with suspend indication and resumeID, which must be sent protected with ciphering after security activation.
[bookmark: _Toc4713630]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. Thus, to allow for the release message in Msg4, it is possible to have both RRCConnectionResume (integrity protected only) and RRCConnectionRelease (integrity protected and ciphered) sent in Msg4 together with DL data. This, however, incurs large signaling overhead.
[bookmark: _Toc4713631]Without security activation before reception of Msg4, it incurs large signaling overhead to release the connection with Msg4. 
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 latter case, i.e., when UE has NCC value provided from suspend. We propose that the UE 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: _Toc4713642]The UE with NCC value provided during previous suspend always restore context, reactivate security, resume bearers, and derive AS keys before Msg3 transmission.
In addition to potential indication and information about 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 it should be kept in connected mode for further data transmissions. We think it would be beneficial if information about DL data size is included in the Modify bearer procedure, as in Fig. 1. 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 UE context resume response in step 10 in Fig. 1. Depending on the received information, the eNB can decide whether to release the RRC connection, i.e., sending the UE the RRCConnectionRelease in Msg4 or continue resuming the connection with the RRCConnectionResume in Msg4, respectively. This should also be included in the LS to RAN3/SA2/CT1 (see Proposal 14).
[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: _Toc525888980][bookmark: _Toc4713632]In MT UP-EDT, it is beneficial if the MME and/or eNB can be aware of DL data size before Msg4 to determine whether to send the UE back to RRC_IDLE.
In MT UP-EDT, in case there is an UL transmission in response to DL data, as shown in Figure 1, the RRCConnectionResume is sent in Msg4, UL data is then multiplexed with RRCConnectionResumeComplete in Msg5 and Msg6 can release the RRC connection with an RRCConnectionRelease with or without suspend indication.
[bookmark: _Toc4713633]In MT UP-EDT, the UL data in response to DL data can be sent in Msg5 followed by an RRCConnectionRelease in Msg6.

[bookmark: _Ref517960056]2.3	MT CP-EDT
Figure 2 shows the signaling flow of the proposed MT CP-EDT solution.
It is necessary for the DL data to be present at the MME before it builds a NAS-PDU to be piggybacked in the RRC message in Msg4. This requires establishment of a connection between MME and the S-GW or SCEF (in case of non-IP PDN connection) before Msg4. 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 message. 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. Furthermore, to trigger the UE to initiate CP-EDT with EDT preamble in Msg1, an MT CP-EDT indication from the network is then needed. We propose to send such an MT CP-EDT indication via paging.
[bookmark: _Toc525888992][bookmark: _Toc4713643]Network sends the UE an MT CP-EDT indication via paging.
[bookmark: _Toc525888993][bookmark: _Toc4713644]For MT CP-EDT, UE selects Rel-15 EDT preamble to transmit in Msg1.
Similar to MO-EDT, to enable the forwarding of DL data from S-GW 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 even without UL data.
[bookmark: _Toc4713645]The RRCEarlyDataRequest without UL data is used in Msg3 for MT CP-EDT.
For RRC message in Msg4, the RRCEarlyDataComplete can be used in case of no UL response. However, in case of UL response, as discussed above, a new RRC message should be defined for this purpose. In addition, in case of UL response, the UL transmission can be based on the RRCConnectionSetupComplete or the ULInformationTransfer. Considering the signaling overhead, the latter is preferred.
[bookmark: _Toc4689590][bookmark: _Toc4707509][bookmark: _Toc4707693][bookmark: _Toc4713646]UL data in response to DL data is sent in ULInformationTransfer.

[image: ]
[bookmark: _Ref524707327]Figure 2: Signaling flow for MT CP-EDT
In case there is an UL response, the network can release the connection in Msg6 if no more UL or DL data transmission is expected. In this case, to reduce the signaling of a release message, based on the information about UL data, e.g., via BSR 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: _Toc4662075][bookmark: _Toc4662107][bookmark: _Toc4662189][bookmark: _Toc4662282][bookmark: _Toc4663258][bookmark: _Toc4663442][bookmark: _Toc4663473][bookmark: _Toc4663831][bookmark: _Toc4663865][bookmark: _Toc4662076][bookmark: _Toc4662108][bookmark: _Toc4662190][bookmark: _Toc4662283][bookmark: _Toc4663259][bookmark: _Toc4663443][bookmark: _Toc4663474][bookmark: _Toc4663832][bookmark: _Toc4663866][bookmark: _Toc4662077][bookmark: _Toc4662109][bookmark: _Toc4662191][bookmark: _Toc4662284][bookmark: _Toc4663260][bookmark: _Toc4663444][bookmark: _Toc4663475][bookmark: _Toc4663833][bookmark: _Toc4663867][bookmark: _Toc4713647]In MT CP-EDT, the eNB indicates in Msg4 that the UE can move to RRC_IDLE after sending UL response without a release message.
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. It is therefore proposed that the network provides UEs with a new TBS value for MT EDT Msg3.
[bookmark: _Toc525888995][bookmark: _Toc4713648]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: _Hlk524710304]Regarding the trigger for RRC release in MT CP-EDT, it has been agreed in MO CP-EDT that the MME indicates to the eNB a two-valued “End indicator” to facilitate immediate release.
[bookmark: _Toc525888983][bookmark: _Toc4713634]“End indication” from MME to eNB introduced for MO CP-EDT can also be used to facilitate immediate release in MT CP-EDT.
We think the End indicator can be used in MT CP-EDT and MME can determine this indication based on the information about DL data size. Similar to MT UP-EDT solution, the information about DL data size can be included in the Modify bearer procedure between MME and S-GW/SCEF (as in step 9, Fig. 2) so that the MME can decide to include the End indication in the S1-AP DL NAS message to facilitate the release. Alternatively, the MME can send the eNB the S1-AP UE context release to request eNB to release the connection. Thus, RAN2 should include this question in the LS to other WGs.
[bookmark: _Toc525888984][bookmark: _Toc4713635]In MT CP-EDT, it is beneficial if the MME can be aware of DL data condition before Msg4 to determine whether to send the UE back to RRC_IDLE.
[bookmark: _Toc4663836][bookmark: _Toc4663870][bookmark: _Ref4663840][bookmark: _Toc4713649]RAN2 send an LS to RAN3/SA2/CT1 asking to provide 
a. [bookmark: _Toc4713650]The MME/eNB with information about DL data condition during paging for determination of MT-EDT initiation.
b. [bookmark: _Toc4713651]The MME/eNB with DL data condition before it sends Msg4 for determination of connection release.

Conclusion
In the previous sections we made the following observations: 
Observation 1	For UP solution, DL data can already be multiplexed with the RRCConnectionResume in Msg4.
Observation 2	In MT UP-EDT, eNB needs to be aware of DL data size during paging to determine whether to initiate MT-EDT.
Observation 3	It is possible for the UE to receive ciphered DL data in Msg4 with a text change in TS36.331, i.e., start applying ciphering configuration for potential DTCH SDU in Msg4.
Observation 4	The RRCConnectionRelease with suspend indication and resumeID in Msg4 must be sent ciphered.
Observation 5	Without security activation before reception of Msg4, it incurs large signaling overhead to release the connection with Msg4.
Observation 6	In MT UP-EDT, it is beneficial if the MME and/or eNB can be aware of DL data size before Msg4 to determine whether to send the UE back to RRC_IDLE.
Observation 7	In MT UP-EDT, the UL data in response to DL data can be sent in Msg5 followed by an RRCConnectionRelease in Msg6.
Observation 8	“End indication” from MME to eNB introduced for MO CP-EDT can also be used to facilitate immediate release in MT CP-EDT.
Observation 9	In MT CP-EDT, it is beneficial if the MME can be aware of DL data condition before Msg4 to determine whether to send the UE back to RRC_IDLE.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should discuss how the network can determine whether there is UL transmission in response to DL data.
Proposal 2	In case of UL transmission in response, RRCConnectionResume is used in Msg4 for UP solution. A new DL-CCCH RRC message (RRCEarlyDLDataTransfer) with DL NAS PDU and information to setup connection is defined to be sent in Msg4 for CP solution.
Proposal 3	For MT UP-EDT solution, eNB sends a MT EDT indication to the UE via paging.
Proposal 4	Legacy (i.e., non-EDT) Msg1 and Msg2 are used in MT UP-EDT solution (i.e., for the case of no UL data in Msg3).
Proposal 5	The MO UP-EDT Msg3 and Msg4 RRC messages are reused for MT UP-EDT.
Proposal 6	In case AS security has not been activated before Msg3, at the reception of RRCConnectionResume, RRC layer configures lower layers to apply ciphering configuration to all subsequent messages including any received DL DTCH data.
Proposal 7	The UE with NCC value provided during previous suspend always restore context, reactivate security, resume bearers, and derive AS keys before Msg3 transmission.
Proposal 8	Network sends the UE an MT CP-EDT indication via paging.
Proposal 9	For MT CP-EDT, UE selects Rel-15 EDT preamble to transmit in Msg1.
Proposal 10	The RRCEarlyDataRequest without UL data is used in Msg3 for MT CP-EDT.
Proposal 11	UL data in response to DL data is sent in ULInformationTransfer.
Proposal 12	In MT CP-EDT, the eNB indicates in Msg4 that the UE can move to RRC_IDLE after sending UL response without a release message.
Proposal 13	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.
Proposal 14	RAN2 send an LS to RAN3/SA2/CT1 asking to provide
a.	The MME/eNB with information about DL data condition during paging for determination of MT-EDT initiation.
b.	The MME/eNB with DL data condition before it sends Msg4 for determination of connection release.
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