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1 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 [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 R15 EDT, the specification already supports early DL data transmission in Msg4 but the main use case is that EDT is triggered by UL data and then a followed DL data (maybe the application ACK for the UL data) is transmitted. In R15 EDT topic discussion, some contributions about pure mobile-terminated (MT) early data transmission have been submitted but RAN2 had not much discussion and also no agreements. 
In RAN2 #103bis meeting, based on the contributions, the following agreements have been achieved:

	=> 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.


Also the following four options have been summarized. Companies are requested to do evaluation based on some criteria like UE power consumption, resource efficiency etc.
· Option 1. MT data in paging message

· Option 2. MT data scheduled in paging message

· Option 3. MT data after paging message and PRACH preamble transmission

· Option 4. MT data in Msg4

In this paper, based on the identified use cases, we discuss the main issues for the possible solutions belonging to each option and do some comparison. Finally we will provide our preference.

2 Discussion
2.1 Use cases for MT-EDT
For many of the existing IoT applications, the main use case is UL data transmission, e.g., regular or exception uplink reports with small packet data. One of the common use case for DL transmission would be software update/reconfiguration. Such transmission would target all the UEs in a certain cell and be with large files, SC-PTM mechanism is the most suitable mechanism for it. For R16 UE, there has another possible option for the dual mode/multi-mode device. That is, the device can shift to the mode which can provide higher data rate and throughput. So we think the main use case for pure MT-EDT may be some kind of application notification (pure notification or a kind of request for UL report) for one or more certain UEs in idle state, for example, the network wants to collect abnormal operation information from UEs. For such use case, we can assume there only has small amount DL data for UE, and the number of UEs which need to receive the DL data may be not so large.
In [10], another use case has been mentioned. That is, in some MO-EDT cases with sending uplink data packets and expecting a downlink ACK from the application server, the response may be delayed by the connection and server. Even the T300 has been extended for EDT, the eNB still cannot wait too long for the downlink ACK for the UL data. We agree this use case is also worth considering for MT-EDT. 

Proposal 1: It’s suggested to focus on the following use cases for MT-EDT:

Use case 1: Application notification with small amount DL data for one or a few UEs

Use case 2: Delay DL ACK for UL data
2.2 Solutions for MT-EDT
2.2.1 Solutions for transmission only DL data
With reference to some contributions in last meeting [3]~[10], here we tend to separate all the submitted solutions into two kinds. One is called MT data with paging enhancement, and the other is called MT data with MO-EDT enhancement.
2.2.1.1 MT data with paging enhancement
In [3], the solution belonging to option 1. MT data in paging message (Alt1 for later discussion) has been provided in “Figure 2 MT data in paging”. In this solution, the DL data and also a CFRA PRACH preamble would be included in the paging record for the UE. The main concerns for this solution is that additional payload should be included in paging record for the UE. The UEs for which the paging is not intended also need to decode the large paging messages which will cause serious UE power consumption. Moreover, the paging capacity would be reduced.

Observation 1: Alt1 of MT data in paging is not preferred as additional payload should be included in paging record and the UEs for which the paging is not intended also need to decode the large paging messages, which will cause serious resources waste, paging capacity reduction and UE power consumption.
Another solution belonging to option 2. MT data scheduled in paging message (Alt2) has been provided in [3] in “Figure 3 MT data after paging”. In [4], a similar solution also has been mentioned in “Figure 1: Example of CP DL-initiated early data transmission with the Paging message” and “Figure 2 Example of UP DL-initiated early data transmission with the paging message” for both CP-EDT and UP-EDT. In this solution, eNB only includes a RNTI information in the paging record instead of the actual payload. The DL data would be sent after paging message in a separate PDSCH assignment and UE can acknowledge reception of the DL data by sending the given CFRA PRACH preamble to eNB.  
It’s obvious that the Alt2 can avoid the big issue in Alt1 and has the benefit for reducing UE power consumption and signaling overhead as it uses as less as possible steps to finish the DL data transmission. But the main concern is that all the eNB (cells) in the tracking area where the UE is registered may need to allocate large PDSCH for sending the DL data, which will cause serious resource waste. We think a straightforward way to take advantage of this kind of solution and avoid the disadvantages is to only apply it to the stationary UEs. That is, if the eNB receives DL data for a certain UE and it can determine the UE is stationary based on some other information, e.g., Subscription based UE differentiation, it can trigger such enhanced paging message with given RNTI for the UE. Furthermore, based on our analysis for the use case for MT-EDT, we don't think in many scenarios big data will be sent. In other words, if there is indeed a need for big DL data transmission, normal paging process would be used.
Observation 2: Applying the option of MT data scheduled in paging message to stationary UE can take its advantage of reducing signaling overhead and UE power consumption, as while as avoid the disadvantages of distributing the DL data in many eNBs.
In Alt2, the UE would transmit the CFRA PRACH preamble which indicates ACK for the MT data. We understand one of the reasons of using CFRA preamble is to uniquely identify the UE which has received the paging/DL data and performed response. The other reason would be that preamble is suitable as the first message in some non-synchronized scenarios. For the first reason, the given RNTI and CFRA PRACH preamble look like redundant as RNTI also can identify the UE in uplink. For the second one, we also think it’s not so necessary according to our observation 2, e.g., it’s better to only apply the Alt2 to stationary UE. We assume the synchronized status is maintained when the MT-EDT is triggered. And then the UL transmission scrambled by the given RNTI can be used (it looks like the HARQ-ACK for Msg4). With the further consideration that contention-free PRACH resources are generally rare and also need to be shared by dedicated physical SR, we suggest to only use the given RNTI to identify both the DL transmission and UL transmission of the UE. If UL data is expected, UL grant can also be allocated and included in paging message. Then a variant for this solution (Alt2a) is given in Figure 1. A very similar thought has also been mentioned in [5] (option 2). The only difference between Alt2a and option 2 in [5] is that DL grant is provided in paging message in Alt2a in order to avoid additional monitoring PDCCH. 
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Figure 1: MT data and UL ACK scheduled with given RNTI in paging message (Alt2a)
In this Alt2a, the allocation of RNTI and grant for dedicated DL transmission and following possible UL transmission is similar as the concept of SPS for idle mode UEs. It can achieve the benefit of avoiding msg1 and msg2 to reduce UE power consumption and latency. Furthermore, it can resolve some obvious concerns in SPS when it’s used for this special MT-EDT use case. This can be explained from the following aspects:

· For SPS in idle, it’s difficult for the eNB to provide exactly suitable pre-configuration if the eNB cannot exactly know the traffic characteristics, e.g., data amount and the periodicity. Even Subscription based UE differentiation cannot give enough traffic characteristics. But for MT-EDT case, we should assume that eNB would request DL data, at lease the data size information from core network before sending paging, so it’s easy for the eNB to allocate the suitable DL grant for the UE to receive the DL data after reception of paging.

· For SPS in idle, TA maintenance should be the precondition. But even the UE is stationary, the TA still cannot be always guaranteed for some other reason. For example, the UE has been in PSM for a long time and the TA may be unavailable because of radio condition change or crystal oscillator drift. But for MT-EDT case, if the UE is in PSM, the MME may reject the DL data notification and not trigger paging. Once the paging can be triggered for a stationary UE, we can assume the TA is still maintained and it’s highly possible that the grant in paging message can be used as expected. 
· For SPS in idle, it’s some complicated for SPS resources deactivation or release. How to avoid reserving the pre-configured resources for a very long time also needs much consideration. But it’s easy for MT-EDT case. As the grant is one-short allocation, the eNB can just release the grant after it receives the UL ACK for the DL data from the UE or after the enough paging repetitions. The grant would not be kept for too long. Furthermore, the existing paging optimization mechanism can also be used for avoiding unnecessary too large CEL.
Observation 3: It has no issues of TA maintenance and resources ineffectiveness when applying the option of MT data scheduled in paging message (Alt2a) to stationary UE.
For both Alt2 and Alt2a, eNB needs to request DL data from core network before it sends paging message in the air interface. That is, eNB should request DL data from MME for CP solution or from S-GW for UP solution. In current specification, for example, when the S‑GW receives or has buffering DL data but it does not have a downlink S1-U, the data cannot be forwarded from the S-GW to the eNB and hence only a Downlink Data Notification message is sent to the MME for which it has control plane connectivity for the given UE. The MME responds to the S‑GW with a Downlink Data Notification Ack message. If the UE is registered in the MME and considered reachable for paging, the MME sends a Paging message to each eNB belonging to the tracking area(s) in which the UE is registered. If the MME receives no response from the UE after this paging repetition procedure, it shall use the Downlink Data Notification Reject message to notify the S-GW about the paging failure. The S-GW deletes the buffered packet(s). Based on all the related description, we can see that there has no support for early data transmission from MME/S-GW to eNB before sending air interface paging.
Observation 4: In order to apply the option of MT data scheduled in paging message to stationary UE, DL data needs to be offered from core network to eNB before the eNB sends paging message in the air interface. RAN2 can send a LS to SA2/CT1/RAN3 to ask whether it’s feasible to enhance the specifications.
For Alt2 and Alt2a for UP solution, another issue would be to identify/retrieve the UE context in the eNB upon reception of the paging message from the MME. One possible way may be to let eNB retrieve NAS identity from paging message and resume UE context by matching NAS identity, e.g., S-TMSI. And 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 to resolve another concern that DL transmission just after paging message cannot be ciphered with AS security. We think this would be feasible and then it can be further discussed after determination of options.
The last issue for Alt2 and Alt2a may be which kind of radio bearers would be used for DL transmission. For UP solution, with the above consideration that AS security can be activated before sending paging message, it’s still possible to use DRB on DTCH to transmit the DL data. For CP solution, we think the SRB on CCCH could also be re-used but a new RRC message to contain only the DL NAS PDU might be needed. 
In [3], in order to avoid some of the issues for Alt1~Alt2, the third solution belonging to option 3. MT data after paging message and PRACH preamble transmission (Alt3) has been provided in “Figure 4 MT data after PRACH preamble. In [4], a similar solution (Alt3a) has been mentioned in “Figure 3 Example of CP DL-initiated early data transmission with MSG2” and “Figure 4 Example of UP DL-initiated early data transmission with MSG2”. For such kind of solution, the data is not buffered in eNB. Only the eNB gets the paging response then the eNB would acquire the data from core network and send it to the UE. Furthermore, they all use CFRA preamble to uniquely identify the UE in UL which has received the paging. But the difference is that Alt3 uses the given RNTI to scramble the DL DL grant/DL data and Alt3a uses the Msg2 (RAR) as response to the CFRA preamble and to send DL data or the grant for DL data and/or UL ACK. 

As mentioned in [3], main possible concern for Alt3 or Alt3a would be that CFRA PRACH preamble and RNTI still need to be reserved in all the eNBs that page the UE. But the benefit is obvious as only the eNB that receives the PRACH preamble needs to retrieve the NAS PDU from MME and send actual downlink payload using the given RNTI.

According to observation 2, we can also assume that Alt3 or Alt3a can also be only applied to stationary UEs, then the resources waste caused by UE identity reservation could be avoided. But for the benefit brought by data transmission only after paging response, since the probability of successful paging would be high for a stationary UE with paging optimization and DL data would be small in most scenarios, the advantage of the Alt3 or Alt3a compared to Alt2 or Alt2a would not be obvious. That is, it’s highly possible for Alt2 or Alt2a that DL data transmission without paging response would also be successful and no resources waste. On the other hand, compared to Alt2 or Alt2a, Alt3 or Alt3a has additional overhead for preamble transmission which further causes more UE power consumption. Furthermore, the Alt3 or Alt3a also have many specification impacts, such as data in Msg2 or triggering S1 procedure after Msg1, compared to the options re-using MO-EDT. 
Observation 5: With the same assumption about use case mentioned in observation 2, the advantage of avoiding unnecessary DL data transmission of the Alt3 or Alt3a would not be obvious. Furthermore, Alt3 or Alt3a may cause more UE power consumption compared to Alt2 or Alt2a and also has many specification impacts compared to the later options of re-using MO-EDT.
Based on the above observation, we think Alt2a is the feasible and also the most efficient option for the use case of only small downlink application notification for stationary UE.
2.2.1.2 MT data with MO-EDT enhancement
As all the above alternatives belonging to paging enhancements may be not so suitable for other use cases with normal UE and possible large DL data and need more specification enhancements, some companies prefer to reuse MO EDT procedure (or with some small enhancements) for both UP and CP solutions for the MT-EDT case.

In [4], solutions belonging to option 4. MT data in Msg4 which reuse the R15 MO-EDT procedure as much as possible (Alt4) have been provided in “Figure 5 Example of CP solution for DL-initiated early data transmission in Msg4” and “Figure 6 Example of UP solution for DL-initiated early data transmission in Msg4”. In this solution, any EDT UE being paged initiates EDT by selecting EDT preamble in Msg1, receives EDT UL grant in Msg2, and transmits Msg3 using a large UL grant even though there is no UL data and then receive Msg4 with DL data. Many companies have the observation that there is no need to use such a large UL grant for Msg3 and so no need of EDT Msg1 in order to avoid large unnecessary padding in Msg3 as well as unnecessary waste of network resources.
So in [4], other solutions belonging to option 4 which optimize the R15 MO-EDT procedure (Alt4a) have been provided in “Figure 7 Example of CP solution for DL-initiated early data transmission in MSG4” and “Figure 8 Example of UP solution for DL-initiated early data transmission in MSG4”. In which, legacy (i.e., non-EDT) Msg1 and Msg2 and RRC messages in Msg3 and Msg4 for MO CP-EDT are used for MT CP-EDT. The UE could send EDT Msg3 (without UL data) by using the legacy UL grant. Such EDT Msg3 would trigger earlier S1 interface establishment/resumption and make it possible to carry DL data in Msg4. Some other contributions [5] [6], [8], [9] also mention similar solutions. 
In order that UE can decide whether to send MO-EDT Msg3 after it receives legacy UL grant in this MT data case, most companies think an explicit indication about the information of coming DL data in paging would be needed. We agree such requirement and also agree the intention in [7] that we need to request the core network nodes to study the feasibility of informing MME and/or eNB about the data (and its size) buffered at S-GW/SCEF prior to paging. 
In [5] and [8], they all mention a UL NAS message, the paging response (e.g., NAS service request) would still need to be sent in Msg3 for CP solution. At this point, we are not sure whether such paging response is needed for core network. But as we notice that in S1 specification, it mentions S1 establishment procedure should be triggered by first NAS message, we think it’s worth a short discussion about whether it allows and how to include NAS signaling in MO-EDT Msg3.
Observation 6: Alt4a with legacy (i.e., non-EDT) Msg1 and Msg2 and MO-EDT Msg3 and Msg4 is a more feasible and simpler option for such MT-EDT case with normal UE and large DL data and has many supports from companies. 

2.2.1.3 Summary
Based on the above analysis, we try to provide the following comparison for all the alternatives. 

	
	UE power consumption
	Signaling overhead
	Resources waste
	Specification impacts
	Main concerns

	Alt1
	Low for the target UE due to without full random access procedure) and maybe high for other UEs
	Maybe high for large paging messages but maybe low as several RRACH signaling and S1 signaling could be avoided
	Maybe high for large paging messages
	Maybe large with impacts on UE, eNB, MME and even higher core network nodes. And also security scheme.
	Issue 1: Additional payload in paging 

Issue 2: All the eNBs where the UE will be paged will need to allocate large DL resource for data transmission.
Issue3: The RNTI and precious CFRA preamble resources may be further wasted as they are allocated in all the eNBs

	Alt2
	Low for the target UE (no full random access procedure) and no obvious impacts on other UEs
	Maybe high or middle as it can avoid issue 1 but still have issue 2 
	Maybe high due to issue 2, issue 3 and issue 4.
	Maybe large with impacts on UE, eNB, MME and even higher core network nodes. And also security scheme.
	Have no issue 1 but have issue 2 and issue 3 and the following issue 4:

Issue 4: The given RNTI and CFRA preamble look like redundant.

	Alt2a
	Low for the target UE and no obvious impacts on other UEs
	Maybe high or middle as it can avoid issue 1 but still have issue 2
	Maybe high or middle due to issue 2 and issue 3

	Maybe large with impacts on UE, eNB, MME and even higher core network nodes. And also security scheme.
	Only have the issue 2 and issue 3.

	Alt3 and Alt3a
	Middle or high for the target UE as partial random access procedure is still needed
	Middle due to small paging but partial random access procedure is still needed
	Middle or low as it only has issue 3.
	Maybe middle with impacts on UE, eNB, MME. And also security scheme.
	Only have the issue 3.

	Alt4
	High for the target UE as full random access procedure is still needed
	Middle due to small paging but full random access procedure is still needed
	Middle as it can avoid issue 2 but still has issue 5.
	Smallest impacts
	No issue 1~issue 4, but have issue 5.

Issue 5: large UL grant for Msg3

	Alt4a
	High for the target UE as full random access procedure is still needed
	Middle due to small paging but full random access procedure is still needed
	Low
	Maybe middle or low with impacts on UE, eNB, MME
	No issue 1~issue 5


Although a general comparison has been given like above, it may not always be true for any use cases. For example, it may be not always true to say that Alt2 or Alt2a cause more resources. If we use the Alt2 or Alt2a for the use cases with stationary UE and small amount data, there might have no issues of overhead and resources waste. Therefore, we think Alt2a and Alt4a have more advantages than disadvantages and they can be suitable for different scenarios. Then we have the following proposals:
Proposal 2: It’s suggested to specify the following Alt2a and apply it to the use cases with stationary UE and small downlink application notification data. 

· Alt2a: MT data scheduled in paging message with given RNTI and grant for DL data transmission and/or UL ACK

Proposal 3: It’s suggested to specify the following Alt4a and apply it to the use cases with normal UE and large downlink application notification data. 

· Alt4a: Optimized MO EDT with legacy Msg1/Msg2 an EDT Msg3/Msg4.

2.2.2 Solutions for transmission delay DL ACK for UL data
For the second use case in proposal 1, in [10], it proposes that the eNB provides a C-RNTI in the DL ACK messages where the C-RNTI is dedicated to the UE for the “Release Time”. During the running period of timer, the UE still can receive the DL data. And after the “Release Time” expires there is no need for legacy release procedures.

In [11], a similar solution has been mentioned but at that time it mainly focus on the continuous MO UL transmissions. Here we think it can also be used for the use case of delay DL ACK. That is, after the first round of Msg1~Msg4 exchanging and successful contention resolution, the UE will keep in RRC_IDLE state with the stored C_RNTI for a while. The UE would monitor PDCCH/PDSCH transmission addressed to the C-RNTI in the common search space (CSS) and use the grant contained in the PDCCH transmission to receive the delay DL ACK data. In this way, the signalling overhead and UE power consumption can be further reduced. 

Proposal 4: For MO-EDT, if the contention resolution is successful after the UE receives the Msg4, the UE and eNB can keep the C-RNTI for a while in case delay DL ACK need to be transmitted in RRC_IDLE.

The example procedures for delay DL ACK data transmission in RRC_IDLE is given in Figure 2 and Figure 3:
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Figure 2: Delay DL ACK transmission for UL MO data in MO EDT (for CP solution)
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Figure 3: Delay DL ACK transmission for UL MO data in MO EDT (for UP solution)

3 Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: Alt1 of MT data in paging is not preferred as additional payload should be included in paging record and the UEs for which the paging is not intended also need to decode the large paging messages, which will cause serious resources waste, paging capacity reduction and UE power consumption.
Observation 2: Applying the option of MT data scheduled in paging message to stationary UE can take its advantage of reducing signaling overhead and UE power consumption, as while as avoid the disadvantages of distributing the DL data in many eNBs.
Observation 3: It has no issues of TA maintenance and resources ineffectiveness when applying the option of MT data scheduled in paging message (Alt2a) to stationary UE.
Observation 4: In order to apply the option of MT data scheduled in paging message to stationary UE, DL data needs to be offered from core network to eNB before the eNB sends paging message in the air interface. RAN2 can send a LS to SA2/CT1/RAN3 to ask whether it’s feasible to enhance the specifications.
Observation 5: With the same assumption about use case mentioned in observation 2, the advantage of avoiding unnecessary DL data transmission of the Alt3 or Alt3a would not be obvious. Furthermore, Alt3 or Alt3a may cause more UE power consumption compared to Alt2 or Alt2a and also has many specification impacts compared to the later options of re-using MO-EDT.
Observation 6: Alt4a with legacy (i.e., non-EDT) Msg1 and Msg2 and MO-EDT Msg3 and Msg4 is a more feasible and simpler option for such MT-EDT case with normal UE and large DL data and has many supports from companies.
Proposal 1: It’s suggested to focus on the following use cases for MT-EDT:

Use case 1: Application notification with small amount DL data for one or a few UEs

Use case 2: Delay DL ACK for UL data
Proposal 2: It’s suggested to specify the following Alt2a and apply it to the use cases with stationary UE and small downlink application notification data. 

· Alt2a: MT data scheduled in paging message with given RNTI and grant for DL data transmission and/or UL ACK
Proposal 3: It’s suggested to specify the following Alt4a and apply it to the use cases with normal UE and large downlink application notification data. 

Alt4a: Optimized MO EDT with legacy Msg1/Msg2 an EDT Msg3/Msg4.
Proposal 4: For MO-EDT, if the contention resolution is successful after the UE receives the Msg4, the UE and eNB can keep the C-RNTI for a while in case delay DL ACK need to be transmitted in RRC_IDLE.
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