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Introduction
The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#83 [1][2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]


In RAN2 #103bis~#105bis meeting, the following agreements have been achieved:
	RAN2#103bis 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.
RAN2#104 agreements:
=> 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
RAN2#105 agreements:
=> 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).
RAN2#105bis agreements:
=> 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.


In this paper, we continue to discuss some remaining issues for the Msg-2 based solution (DL data after preamble).

Discussion
Feasibility of Msg-2 based solution
The example procedure for Msg-2 based solution is as following:


Figure 1: DL data after preamble transmission (copied from [3])
The main steps in the procedure are as following:
1. MME can indicate to all the eNBs in the paging area that MT-EDT is required for a certain UE. Paging record for the UE can indicate that MT-EDT is intended along with dedicated PRACH resource (preamble) and RNTI.                                  
2. The UE after receiving the page uses the PRACH resource to transmit the dedicated preamble, which can be used to avoid preamble collision.
3. Only the eNB that receives the dedicated PRACH preamble needs to retrieve the NAS PDU from MME.
4. The eNB responds to the UE with downlink data transmission using the RNTI.
In the last meeting, RAN2 had no detailed discussion on feasibility of DL data after preamble, e.g., Msg-2 based solution but only discussed some technical proposals. Then RAN2 had working assumption that if Msg-2 based solution is agreed, a CF RACH resource could be provided in the paging message to page the UE for MT-EDT. But if the related concerns, e.g., security or repetition issues cannot be resolved, such Msg-2 based solution may be unable to be specified.
During the previous discussion, companies think one of the advantages of Msg-2 based solution is more reliable and signaling efficient since the DL data is transmitted after network receives the response from the UE. That means only one eNB, e.g., the eNB that receives the dedicated PRACH preamble will need to allocate downlink PDSCH resources for the actual payload only in the cell the UE is camping on. But even this is the case, the CFRA preamble resources and RNTI waste issues still exist as dedicated PRACH preamble and RNTI would still be reserved in all the eNBs in the paging area.
Observation 1: For Msg-2 based solution, dedicated PRACH preamble and RNTI would still be reserved in all the eNBs in the paging area, which would cause waste of dedicated preamble and RNTI resources.
Compared with paging-based solutions, another concern for Msg-2 based solution is that it would have more signaling overhead, especially in UL, which will cause more UE power consumption. As mentioned by company during email discussion, the energy consumption for uplink transmission is roughly 7 times higher than downlink reception. Therefore, preamble transmission would be the large contributed part in UE power consumption for Msg-2 based solution, especially with the consideration that power ramping for preamble transmission may be needed. Such issue may need involve RAN1 discussion.
Observation 2: For the Msg-2 based solution, preamble transmission would cause more UE power consumption.
In [6] and some other contributions, they also have mentioned a security aspect with using CFRA preamble as a means to authenticate UE for DL data transmission. That is, 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. In [3], companies also show their similar concern about this CFRA preamble exposure issue. They worry about that it is possible for any fake UE to send this preamble in uplink that will make the eNB/MME believe that the UE has received the paging. In this way the network thinks that it has delivered the page successfully and no paging retransmission would be triggered. But the paging is not received by actual UE. 
Even we think such CFRA preamble exposure issue would have no impact on user data safety, we also think it worth of consideration. Also as eNB will determine the TA based on the earliest received preamble which may be not from the intended UE, the TA may be inaccurate for the intended UE.
Observation 3: Unintended UEs can respond a paging message using the dedicated CFRA preamble which may cause preamble storm and make eNB difficult to determine the valid TA for the intended UE.
In [6], they have already proposed to protect the CFRA preamble sent in paging message so that unintended UEs cannot simply use the received preamble in the reply PRACH transmission. A detailed protection mechanism may need to be analyzed in SA3.
We have sympathy with this thinking in [6]. Moreover, we think at least for UP solution, to earlier identify/retrieve the UE context in the eNB, e.g., upon reception of the paging message from the MME may be a possible solution. If the eNB can earlier retrieve the UE context and activate the AS security in itself and in UE by paging, it may be possible for the eNB to protect the information in paging message with AS security. 
With Observation 1, Observation 2 and Observation 3, we have the following proposals:
Proposal 1: RAN2 needs to discuss how much impact do the issues of radio resources waste caused by CFRA preamble/RNTI reservation and UE power consumption caused by CFRA transmission on the feasibility of Msg-2 based solution.
Proposal 2: RAN2 needs to discuss whether there exists CFRA preamble exposure/abused issue and how much impact does this issue on the feasibility of Msg-2 based solution. If RAN2 confirm the impacts of the issues but cannot find suitable solution, the Msg-2 based solution may become unacceptable.
Other issues for Msg-2 based solution
From this section, we assume the Msg-2 based solution can be acceptable for further discussion.
1.1.1 Preamble and RNTI in paging
For CFRA resource configuration issue, in [4], we have mentioned the concern for providing CFRA preamble to UE to avoid preamble collision. CFRA resources are generally rare and already need to be shared among different features such as PDCCH order and dedicated physical SR. In [7], they also mentioned reserving dedicated preamble for paging purpose will increase the complexity associated with RACH resource management as:
· Differentiation of the dedicated preambles associated with paging transmission at different PO requires additional co-ordination.
· Identification of acknowledgment based on dedicated preamble in case of paging re-transmission scenario along with new transmissions from different UE associated with the same PO.
Observation 4: It’s difficult to further partition the CFRA resources for new MT-EDT feature, besides some existing features as PDCCH order, dedicated SR. It’s also difficult to use so few CFRA resources to resolve so many possible preamble conflicts during paging procedure.
For simplicity, we think one possible solution for the issue in Observation 1 is to reuse CFRA resource configuration or NPRACH resource configuration for dedicated SchedulingRequest. Such configuration can be included in the UE-specific paging record. As content of PDCCH order is defined in RAN1 but SR-NPRACH-Resource is defined in RAN2, here we list the SR-NPRACH-Resource definition for reference:
SR-NPRACH-Resource-NB-r15		::=	SEQUENCE {
	nprach-CarrierIndex-r15				INTEGER (0..maxNonAnchorCarriers-NB-r14),
	nprach-ResourceIndex-r15			INTEGER (1..maxNPRACH-Resources-NB-r13),
	nprach-SubCarrierIndex-r15			CHOICE {
		nprach-Fmt0Fmt1-r15					INTEGER (0..47),
		nprach-Fmt2-r15						INTEGER (0..143)
	},
	p0-SR-r15							INTEGER (-126..24),
	alpha-r15							ENUMERATED {al0, al04, al05, al06, al07, al08, al09, al1}
}
All the other potential collision can be handled by eNB implementation.
Proposal 3: SR-NPRACH-Resource definition can be referred for CFRA resource configuration in paging message for Msg-2 based solution.
In [3] and in [7], companies have another concern that Msg-2 based solution would also cause unnecessary power consumption in other UEs as all the UE listening to the paging occasion would receive larger paging message with the additional information (e.g., CFRA preamble and UE-specific RNTI). In [7], they think this problem can be avoided if the MT-EDT message is sent using different RNTI (e.g., known as P-RNTI-EDT) than the paging RNTI. 
Firstly, we think the additional information in the paging record for a certain UE would only cost dozens of bits that is not big overhead for the whole paging message. Moreover, the option mentioned in [7] is kind of straightforward way to handle such issue. But it’s obvious such scheme has its shortcoming for signaling efficiency, also may cause paging delay or paging block. Furthermore, for the UE supporting MT-EDT, it has to monitor both two kind of paging RNTI, e.g., legacy P-RNTI and new P-RNTI-EDT, that’s bad for UE power saving. 
Observation 5: For the Msg-2 based solution, additional information (e.g., CFRA preamble and UE-specific RNTI) in paging message only cost dozens of bits that is not big overhead. We don’t think the complicated scheme such as paging differentiation is needed.
1.1.2 DL transmission after preamble
One concern for the paging-based solution is that even the DL data can be received by the UE, if TA is not maintained, the physical layer UL HARQ-ACK may be possible to fail. Since Msg-2 based solution has chance to provide TA, it’s agreed to be further considered. 
In the Figure 1, after preamble transmission, the UE will monitor PDCCH scrambled with a given RNTI and the PDSCH contains a NAS PDU. There has no clue about whether or not RAR is needed in the procedure. With the consideration for providing TA, we think there should have a step after CFRA preamble transmission and before the real DL data transmission for the UE to obtain synchronization with network, and also to try to avoid preamble re-transmission.
While in [6], they have proposed that RAR is needed. But in order to reduce the signaling overhead and minimize latency for UE, they think the legacy RAR cannot be directly used, a new Msg2 would be needed to combine DL data, timing advance and other required information. They also think legacy RA-RNTI used to scramble (M)PDCCH for Random Access Response message should not be used and a UE-specific RNTI need to be provided to the UE in paging message for scheduling DL transmission which combine Msg2 and DL data, timing advance and other required information. 
However, we think there would have two issues for the combined Msg2:
Firstly, as mentioned in [6], in current spec, once the preamble is transmitted, the UE monitors PDCCH for random access response(s) in the RAR window, whose length is defined by ra-ResponseWindowSize. In Msg-2 based solution, it will take 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 value range for the legacy RAR window size may not be sufficient for the new “Msg2” transmission. Therefore, it is proposed to extend the value range for the legacy ra-ResponseWindowSize for MT EDT only.
Observation 6: For combined Msg2, The RAR window size may not be sufficient for the eNB to be able to respond a CFRA preamble transmission.
Secondly, it may be some complicated for the eNB to deal with the Msg2 failure case. In current spec, there has no specific ACK for RAR, it’s also impossible as RAR is targeted to several UEs. A possible way may be that, if the eNB receive physical layer NACK for this combined Msg2, the eNB can assume the RAR has been received but the DL data would be failed, the eNB can only re-transmit DL data. But if the eNB receive nothing, the eNB would assume the whole combined Msg2 is failed and have to re-transmit the whole Msg2.
Observation 7: For combined Msg2, it’s complicated for eNB to deal with the Msg2 failure case.
According to the above observations, we think using RAR, e.g., combined Msg2 would introducing unnecessary complexity. We propose to improve the procedure in the Figure 1. That is, the TA can be sent along with PDSCH scheduling. The UE can obtain TA and receive PDSCH transmission according to the DL grant indicated in PDCCH at the same time. 
Proposal 4: In Msg-2 based solution, after reception of CFRA preamble, TA can be sent along with PDSCH scheduling. The UE can obtain TA and receive PDSCH transmission according to the DL grant indicated in PDCCH at the same time. 
1.1.3 ACK for DL data or UL application data
In order to increase data transmission reliability, it’s necessary to let the network know that its DL data has been successfully delivered to the intended UE. Therefore, there should be a UL feedback in response to DL transmission. 
After acquisition of TA, the simplest way for the UE is to send physical layer HARQ-ACK for the DL transmission (it looks like the HARQ-ACK for Msg4). If shortly the UE is requested by the application layer to send UL ACK data, the UE can send BSR to request further UL grant. Here in order to make it possible for the UE to send the potential BSR, maybe a small UL grant need to be always sent to UE along with the first DL PDSCH transmission.
During the email discussion, some companies have the thinking that in case there is no UL data in response, a HARQ ACK over PUCCH is not sufficient since such feedback can be sent by any UEs, i.e., with no authentication. Thus, an integrity protected UL transmission in response to DL data may still be needed. The main reason is that even a CFRA resources can be sent as a first UL ACK, but as such transmission can be sent by an attacker or malicious UE, the PRACH transmission should not be considered as a reliable feedback. 
However, with the above discussion for Observation 3 and earlier identifying UE context in eNB suggested later, we think it’s possible to protect CFRA resources to avoid possible attack, then this issue can be resolved and HARQ ACK can be used as acknowledgement for DL transmission.
[bookmark: _Toc1084858]Proposal 5a: if CFRA preamble can be protected and TA can be provided, in case there is no UL data in response, a HARQ ACK over PUCCH/PUSCH is sufficient to indicate to network that its DL data has been successfully received by the UE. 
Some companies also have the thinking that in case there is UL data in response to DL data, a subsequent UL message (after DL transmission) is needed, that may serve as the UL ACK to the DL transmission and can be transmitted with RLC AM.  
We cannot see the necessity for doing such. As mentioned before, we think the UE can send BSR to request further UL grant. After getting UL grant from network, the UE can send PUSCH transmission scrambled with given UE-specific RNTI on the UL grant, which can include NAS PDU or multiplex a UL user data.
Proposal 5b: if CFRA preamble can be protected and TA can be provided, in case there has UL data in response, a BSR and the following PUSCH transmission are sufficient to send the UL data to indicate to application layer that its DL data has been successfully received by the UE. 
1.1.4 Completion or fallback for MT-EDT
As mentioned in Figure 1, after eNB gets CFRA preamble, eNB would retrieve the NAS PDU from MME (or resume the S1 interface to acquire DL data from S-GW for UP solution). The related S1 procedures can also be act as the paging response for core network. We suggest the S1 establishment procedure for CP solution or S1 resumption procedure for UP solution can be reused as much as possible but just be moved forward after Msg1. Here we should notice that at this time the eNB has no NAS PDU to trigger the S1 establishment procedure. That means some RAN3 enhancement would be needed.
Proposal 6a: For the Msg-2 based solution, the S1 establishment procedure for CP solution or S1 resumption procedure for UP solution can be reused as much as possible but just be moved forward after Msg1 and without NAS PDU trigger.
Moreover, after the eNB receives the UL ACK or UL application data, the eNB can trigger the S1 interface release.
Proposal 6b: Once the eNB receives HARQ ACK or PUSCH transmission including UL application data, the eNB would trigger S1 release procedure after transferring the UL application data to S-GW or with UL application data included in the UL S1 release message.
Moreover, similar as that in MO-EDT, there may have the indication about further data are expected in the DL S1 signaling to handle the possible case that core network may have more DL data to be transmitted, e.g., in DL NAS Transport procedure or Connection Establishment Indication procedure. Or for UP solution, there has no end indication. Such fall back case should also be considered for Msg-2 based solution for MT-EDT. 
In this case, the eNB can decide to move the UE into RRC_CONNECTED mode. With very initial thinking, Msg4/Msg5 exchanging can be considered for implement such function. 
Proposal 6c: If eNB receives the indication about further data are expected from core network, the eNB would move the UE into RRC_CONNECTED mode.
1.1.5 Other security issues
What are previously discussed are mainly security issues during the procedures, e.g., protecting CFRA preamble from attacking, with the assumption that DL user data would already be ciphered. That means, even the security issues during the procedure cannot be completely resolved, at least the ciphered data would guarantee the data is safe and cannot be read by fake UEs. 
As mentioned in [4] and some other companies, for CP solution, NAS security still can be used. But for UP solution, it’s proposed that the eNB should earlier retrieve the UE context and activate the AS security in itself before DL transmission, e.g, in eNB when it receives paging message. And for the UE, it can activate the AS security in itself at reception of paging or after sending CFRA preamble. Then it would be possible for the eNB to cipher DL transmission with AS security. 
Proposal 7: For UP solution, it’s proposed that the eNB should earlier retrieve the UE context and activate the AS security before DL transmission.
1.1.6 Co-existence with D-PUR
In [8], for D-PUR function, we also consider the use case that only (small) DL data need to be transmitted even there has no UL transmission. We propose UE to monitor D-PUR USS and receive the possible scheduled DL data even there has no UL transmission over D-PDR. We further propose that eNB needs to provide the time occasion of the D-PUR USS to MME once the D-PUR resource is configured to the UE. 
As the use case for D-PUR and MT-EDT are similar, we should consider the co-existence of D-PUR and MT-EDT. For UE and MME which support and are configured both D-PUR and MT-EDT, as the D-PUR is the most signaling efficient scheme, MME can prioritize using of D-PUR. That is, if the MME receives indication of DL data from core network, the MME may first check whether there has a D-PUR resource nearby. If yes, the MME can pending paging for a while till the timing of D-PUR. If not, the MT-EDT would be triggered.
Proposal 8: For UE and MME which support and are configured both D-PUR and MT-EDT, if the MME receives indication of DL data from core network, the MME may first check whether there has a D-PUR resource nearby. If yes, the MME can pending paging for a while till the timing of D-PUR. If not, the MT-EDT would be triggered.

[bookmark: OLE_LINK1]Conclusions
In this contribution, we make the following observations and proposals:
Observation 1: For Msg-2 based solution, dedicated PRACH preamble and RNTI would still be reserved in all the eNBs in the paging area, which would cause waste of dedicated preamble and RNTI resources.
Observation 2: For the Msg-2 based solution, preamble transmission would cause more UE power consumption.
Observation 3: Unintended UEs can respond a paging message using the dedicated CFRA preamble which may cause preamble storm and make eNB difficult to determine the valid TA for the intended UE.
Observation 4: It’s difficult to further partition the CFRA resources for new MT-EDT feature, besides some existing features as PDCCH order, dedicated SR. It’s also difficult to use so few CFRA resources to resolve so many possible preamble conflicts during paging procedure.
Observation 5: For the Msg-2 based solution, additional information (e.g., CFRA preamble and UE-specific RNTI) in paging message only cost dozens of bits that is not big overhead. We don’t think the complicated scheme such as paging differentiation is needed.
Observation 6: For combined Msg2, The RAR window size may not be sufficient for the eNB to be able to respond a CFRA preamble transmission.
Observation 7: For combined Msg2, it’s complicated for eNB to deal with the Msg2 failure case.

Proposal 1: RAN2 needs to discuss how much impact do the issues of radio resources waste caused by CFRA preamble/RNTI reservation and UE power consumption caused by CFRA transmission on the feasibility of Msg-2 based solution.
Proposal 2: RAN2 needs to discuss whether there exists CFRA preamble exposure/abused issue and how much impact does this issue on the feasibility of Msg-2 based solution. If RAN2 confirm the impacts of the issues but cannot find suitable solution, the Msg-2 based solution may become unacceptable.

Proposal 3: SR-NPRACH-Resource definition can be referred for CFRA resource configuration in paging message for Msg-2 based solution.
Proposal 4: In Msg-2 based solution, after reception of CFRA preamble, TA can be sent along with PDSCH scheduling. The UE can obtain TA and receive PDSCH transmission according to the DL grant indicated in PDCCH at the same time. 
Proposal 5a: if CFRA preamble can be protected and TA can be provided, in case there is no UL data in response, a HARQ ACK over PUCCH/PUSCH is sufficient to indicate to network that its DL data has been successfully received by the UE. 
Proposal 5b: if CFRA preamble can be protected and TA can be provided, in case there has UL data in response, a BSR and the following PUSCH transmission are sufficient to send the UL data to indicate to application layer that its DL data has been successfully received by the UE. 
Proposal 6a: For the Msg-2 based solution, the S1 establishment procedure for CP solution or S1 resumption procedure for UP solution can be reused as much as possible but just be moved forward after Msg1 and without NAS PDU trigger.
Proposal 6b: Once the eNB receives HARQ ACK or PUSCH transmission including UL application data, the eNB would trigger S1 release procedure after transferring the UL application data to S-GW or with UL application data included in the UL S1 release message.
Proposal 6c: If eNB receives the indication about further data are expected from core network, the eNB would move the UE into RRC_CONNECTED mode.
Proposal 7: For UP solution, it’s proposed that the eNB should earlier retrieve the UE context and activate the AS security before DL transmission.
Proposal 8: For UE and MME which support and are configured both D-PUR and MT-EDT, if the MME receives indication of DL data from core network, the MME may first check whether there has a D-PUR resource nearby. If yes, the MME can pending paging for a while till the timing of D-PUR. If not, the MT-EDT would be triggered.
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