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1 Introduction
In the WI of further NB-IoT enhancement (RP-172063), the following optimization objective is prioritized:

	A-1. Further latency and power consumption reduction
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3]


Also in the WI of even further enhanced MTC for LTE (RP-171427), the following optimization objective is given:

	· Support early data transmission [RAN2 lead, RAN1, RAN3]
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure (after PRACH transmission and before the RRC connection setup is completed) at least in the RRC Suspend/Resume case.


In the RAN2#99bis meeting, RAN2 has made the following agreements:

	Agreements:

· PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS: details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.

· For CP during the UL EDT procedure, if the UE receives a grant in which data does not fit, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.

· It is FFS if there is a need to introduce an authorization mechanism.

· Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size it needs for Msg3 via PRACH partitioning.
· Send an LS to RAN1 with the agreements we have from this meeting and indicate that we assume that the legacy TBS table for PUSCH transmission is used for EDT.

· Msg4 decides whether the UE goes to RRC connected mode or RRC idle mode. The content of Msg4 for EDT is FFS.
· The intention to use EDT is for data, i.e. not for NAS signalling.

· Send an LS to RAN3/SA2/CT1 whether any of the following parameters which are included in Msg5 in legacy procedure should be included in Msg3 for EDT: selectedPLMN-Identity, registeredMME, gummei-Type, attachWithoutPDN-Connectivity, up-CIoT-EPS-Optimisation, cp-CIoT-EPS-Optimisation, dcn-ID.

· RAN2 assumes that S-TMSI for CP, and resumeID and shortResumeMAC-I for UP solutions  are sufficient to identify UE at the MME and eNB respectively. We will provide this assumption in an LS.to RAN3, SA2, SA3, CT1.

· For CP solution, NAS PDU for data is encapsulated in the RRC message sent in Msg3 and transmitted as CCCH SDU.

· For UP solution SRB0 is used to transmit the RRC message in Msg3.

· For UP solution, CCCH (RRC message) and DTCH (UP data) are multiplexed in MAC in Msg3.

· For UP, AS security is resumed before transmitting Msg3, and data transmitted in Msg3 is protected by AS security.

· For CP solution, NAS PDU data in the DL can be optionally encapsulated in the RRC message sent in Msg4 and transmitted as CCCH SDU.

· For UP solution, DL data can be optionally multiplexed in MAC, i.e. DCCH (RRC message(s)) and DTCH (UP data) in Msg4.

· FFS: For UP solution: case for pinned connection, i.e. CCCH (RRCConnectionResumeReq) + DCCH (NAS PDU via pinned connection)


Here the FFS issues have been highlighted. Some of the above FFS issues have been discussed in the email discussion. We will further discuss some remaining issues and provide our consideration and potential solutions for them in this paper.
2 Discussion
2.1 Basic EDT procedure in RRC_IDLE
2.1.1 #issue1: multiplexing and demultiplexing of MAC SDUs for UP solution
For UP solution, it has been agreed that CCCH (RRC message) and DTCH (UP data) are multiplexed in MAC in Msg3. That is to say, the UE would multiplex the MAC SDUs from CCCH and DTCH logical channels onto transport blocks (TB) to be delivered to the physical layer on transport channels. Then the eNB would demultiplex the MAC SDUs from CCCH and DTCH from transport blocks (TB) delivered from the physical layer. However, since the eNB hasn’t yet restore the UE context at receiving Msg3 and has no the dedicated logic channel configuration, it may be impossible for the MAC layer to deliver the MAC SDU from DTCH logical channel to the upper layer. 

We think there may have two possible ways to deal with such cases:

Alt1: MAC layer only delieves the MAC SDU from CCCH to upper layer and buffers the MAC SDU from DTCH. After upper layer decodes the RRC message and gets the ResumeID, the upper layer could further inform the MAC layer with restored dedicated configuration. Then the MAC layer could correctly deal with the  MAC SDU from DTCH and deliver it to upper layer. There may have one issue for Alt1 that later how the MAC layer can recognize the MAC SDU for this UE.
Alt2: MAC layer delieves both the MAC SDU from CCCH and the one from DTCH to upper layer. After upper layer decodes the RRC message and gets the ResumeID, the upper layer could further inform the MAC layer with restored dedicated configuration and deliver the MAC SDU from DTCH again to MAC layer. Then the MAC layer could correctly deal with the  MAC SDU from DTCH and deliver it to upper layer. 
Proposal 1: It’s suggested to discuss how the MAC layer delivers the MAC SDU from DTCH to upper layer before the eNB could restore the UE context for UP solution.
2.1.2 #issue2: UL data segmentation 
During the previous discussion, some companies think several payload sizes for Msg3 would be better for spectrum efficience while other companies think one payload size for Msg3 is enough and simple. But if only one Msg3 payload size is defined, it cannot be too large. Middle Msg3 size would be more efficient for the cases of middle or small pending data size. But for the case of a little large pending data size, the UE in RRC_IDLE maybe cannot transmit all the buffered UL data in the random access procedure. 
RAN2 has agreed for CP solution that the UE would not send the data in Msg3 if the data cannot fit in the UL grant. That means CP solution would not support UL data segmentation. But in the latest RAN2 email discussion, some companies have raised the issue that if the UE falls back to legacy procedure just due to slightly insufficient size of UL grant, this may lead to unnecessarily long padding in Msg3 and waste of resources. So it may be better to further discuss the feasibility of supporting segmentation for CP solution or how to deal with the part of data which is very small but doesn’t fit in UL grant for Msg3. 

Proposal 2: For CP solution, it’s suggested to further discuss whether supporting data segmentation have benefits and whether it can be supported.

For UP solution, whether and how to support UL data segmentation is still FFS. If we also mainly consider the case that the UL data cannot fit into Msg3 just due to slightly insufficient size of UL grant, we think it’s really no need for the UE to move into RRC_CONNECTED. In this case, the UE could additionally includes a BSR in the Msg3with part of UL data. 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 transmission addressed to the C-RNTI in the common search space(CSS) and use the UL grant contained in the PDCCH transmission to send another UL data. In this way, the signalling overhead can be further reduced. 

Proposal 3: For UP solution, 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 more UL data need to be transmitted in RRC_IDLE.
An example procedure for continuously data transmission in RRC_IDLE is given in Figure 1: 
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Figure 1: Continuous data transmission in RRC_IDLE
In order to avoid that the C-RNTI is stored but no DL/UL data are transmitted in a long time and guarantee that the C-RNTI can be used efficiently, it’s suggested to store the C-RNTI only for a short period of time, e.g. several seconds or minutes. This time can be pre-defined or congfigured by the network.
2.1.3 #issue3: Switch between EDT and legacy RRC procedure
With the above proposed early data tranmission procedure in Figure 1, if the UE sends a “request” for larger size Msg3 through the Msg1, the network would consider that there have UL data needs to be transmitted along with random access procedure and then allocate large UL grant for the UE. However, the abnormal cases should be further considered. For example, the network cannot allocate the required resource or the UE cannot receive the RAR after several attempts. There should have the means for the UE or eNB to continue the procedure, e.g., to switch to setup/resume RRC connection procedure and then transmit the data one by one with legacy resource request/grant exchanging.
2.1.3.1 Switch controlled by network

There has the case that the eNB allocates the required UL grant in RAR and the UE sends Msg3 with UL data, but later the eNB wants to setup/resume the RRC connection for the UE. The example scenario may be that the eNB is overloaded or has more DL data for the UE. The eNB may send Msg4 with the legacy RRC signaling, e.g., RRCConnectionSetup, RRCConnectionResume, to the UE. The UE should support to deal with such Msg4 with RRC signallings and enter RRC_CONNECTED, even it hasn’t sent the normal RRC request in Msg3. This is a general “fallback” case and can be supported by the current agreements.
After the eNB receives a Msg1 indicating the “request” for larger size Msg3, the desired case is that the eNB allocates the UL grant for the UE based on the indication in the Msg1. But if many UEs request large Msg3 size at the same time, the eNB may have no enough resource to be allocated. Then the eNB would “reject” some of the requests. A feasible way for the eNB may be to allocate the smallest UL grant, e.g. the UL grant enough for a RRC message, to the UEs. When the UE receives a RAR including smallest UL grant as the response to its request, the UE should “fallback” to the legacy RRC connection setup/resume procedures. We think the current agreements can also support this.
Another case may be that the eNB could allocate the required UL grant in RAR but the eNB doesn’t want the UE to keep sending Msg1 for larger size Msg3 once the attempt has failed. In this case, the eNB may give explicit indication in RAR to indicate that the UE should switch to sending legacy Msg1 once the attempt for sending UL data in Msg3 has failed.
Proposal 4: It can be considered to include an indication in RAR to indicate that the UE should fallback to legacy Msg1 once the attempt for sending UL data in Msg3 has failed.
2.1.3.2 Switch controlled by UE

In R13/R14 NB-IoT procedures, if the Random Access Response reception is considered not successful or the Contention Resolution is considered not successful, the UE will increment the number of preamble transmission (PREAMBLE_TRANSMISSION_COUNTER_CE and PREAMBLE_TRANSMISSION_COUNTER) and try to send preamble for another time. When the PREAMBLE_TRANSMISSION_COUNTER_CE is larger than maxNumPreambleAttemptCE, the UE will consider to be in the next enhanced coverage level. The PREAMBLE_TRANSMISSION_COUNTER_CE will be reset and re-calculated while the PREAMBLE_TRANSMISSION_COUNTER is calculated continuously. The Random Access procedure will be considered unsuccessfully completed till the PREAMBLE_TRANSMISSION_COUNTER is larger than preambleTransMax-CE.
In the proposed early data tranmission procedure, if the UE has tried to send Msg1 with request for large Msg3 size or send Msg3 with UL data for several times and all the attempts are failed, there should have new rules for the UE to deal with the failure. For example, if the attempts  in a certain CE are all failed, the UE should decide which way have a higher priority, to change to the next CE level or to switch to sending legacy Msg1 for RRC connection setup/resumption in the current CE level. The priority may be given to the latter option, e.g, the UE needs to switch to sending legacy Msg1 for RRC connection setup/resumption in the current CE level for additional several times. If all the additional attempts are also failed, the UE will change to the next CE level and send the Msg1 for largr Msg3 and/or legacy Msg1 for RRC connection setup/resumption as the sequence in the previous CE level. The eNB may need to configure separate attempt thesholds for different kinds of Msg1/Msg3.
Proposa 5: There should have the mechanism for the UE to fallback to sending legacy Msg1 after a number of failures of sending Msg1 for large Msg3 size.
2.2 DL cached data transmission in RRC_IDLE

After introduction of early UL/DL data transmission during random access procedure in RRC_IDLE, the UE may frequently use this procedure if only few data packets need to be sent. The UE will keep staying in RRC_IDLE after end of data transmission. On the other hand, from time to time there may have DL data packets that need to be sent to the UE from core network. Since the UE may stay in RRC_IDLE in many time periods, the core network would page the UE at each time the DL data arrives. Such operations may cause high paging overhead and UE power consumption. If the DL data packets are delay tolerated, it is worth considering that the network may not trigger paging and cache such DL data for a while. The DL data could be cached in core network or in eNB.

If the DL data is cached in the core network, when the core network receives a UL S1 data transmission signalling, the network would check whether there has cached DL data for the UE. If yes, the network could include the DL data in the DL S1 data transmission signalling and send it to the eNB. If the DL data is cached in eNB, when the eNB receives a Msg3 with data, the eNB would check whether there has cached DL data for the UE. If yes, The eNB could further include the DL data in the Msg4 and send it to the UE. In this way, overhead of paging and power consumption in UE can be reduced. 
An example for cached DL Data transmission with early UL data transmission during random access procedure is given in Figure 2:
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Figure 2: cached DL Data transmission with early UL data transmission during random access procedure
2.3 Procedure for EDT in RRC_CONNECTED

2.3.1 Early DL data transmission in Msg2

In R14 NB-IoT, the contention free random access triggered by PDCCH order has been supported. PDCCH order is usually triggered by the eNB in the case that DL data arrives during RRC_CONNECTED but UL synchronisation status is "non-synchronised". That means eNB has pending DL data when the eNB sends a PDCCH order. 

In such random access procedure, the UE uses the dedicated resource included in PDCCH order to send Msg1. The eNB could figure out from which UE the preamble comes and no contention resolution is needed. Based on such understanding, it can be considered to include the pending DL data in the RAR message in order to send the DL data to the UE as soon as possible. Before further discussion on details, we also need to confirm with RAN1 whether the physical layer would have size limitation of Msg2, or whether it could support larger size for Msg2.
An example for EDT in RRC_CONNECTED state is given in Figure 3:
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Figure 3: DL Data along with Random Access procedure in RRC_CONNECTED
Proposal 6: It’s suggested to support early DL data transmission in Msg2 during random access procedure triggered by PDCCH order in RRC_CONNECTED.  
Proposal 6a: A LS needs to be sent to RAN1 to confirm whether the physical layer would have size limitation of Msg2, or whether it could support larger size for Msg2.
2.3.2 RRC connection release after early UL data transmission
If UL data arrives during RRC_CONNECTED but UL synchronisation status is "non-synchronised", a random access procedure is needed. Since the UE previously is in RRC_CONNECTED state, it’s preferred to resume the UL synchronisation status and then transmit UL data in normal RRC_CONNECTED state. However, if the UE only has a small data packet to be sent, the early data transmission procedure discussed in section 2.3.1 can be considered. As we assume that the UE will use early data transmission only when the buffered data is small, it can be considered to release RRC connection at the end of data transmission for the intention of power saving.
An example procedure for connection release after EDT in RRC_CONNECTED state is given in Figure 4:
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Figure 4: Connection release after early UL Data transmission in RRC_CONNECTED
In the example procedure, in order to trigger quick RRC connection release, a buffer size of zero bytes is triggered for the BSR and the BSR would be included in Msg3, besides the UL data. The UE should support dealing with the RRCConnectionRelease in Msg4. After sending acknowledgement to the eNB, the UE could be back to RRC_IDLE state.
Proposal 7: It’s suggested for the UE to support dealing with RRCConnectionRelease in Msg4 during random access procedure in RRC_CONNECTED.
2.3.3 Parallel RRC re-establishment and early UL data transmission procedures
When the UE is already in RRC_CONNECTED state, the RRC connection reestablishment procedure may be triggered for RLF or other reasons. The UE needs to initiate a random access procedure. With the basic procedure for early data transmission discussed in section 2.3.1, the UE also can send UL data along with this random access procedure. However, since the UE may still want to re-establish this RRC connection, the RRCConnectionReestablishmentRequest signalling would be included in the Msg3. Such procedure can be seen as parallel RRC re-establishment and early UL data transmission procedures as illustrated in Figure 5. Different from the basic procedure in section 2.3.1, the UE will enter RRC_CONNECTED state after end of random access procedure. 
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Figure 5: parallel RRC re-establishment and early UL data transmission procedures in RRC_CONNECTED
3 Conclusion

Based on the analysis in this paper, we have the following proposals for general considerations on early data transmission:
Proposal 1: It’s suggested to discuss how the MAC layer delivers the MAC SDU from DTCH to upper layer before the eNB could restore the UE context for UP solution.
Proposal 2: For CP solution, it’s suggested to further discuss whether supporting data segmentation have benefits and whether it can be supported.
Proposal 3: For UP solution, 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 more UL data need to be transmitted in RRC_IDLE.

Proposal 4: It can be considered to include an indication in RAR to indicate that the UE should fallback to legacy Msg1 once the attempt for sending UL data in Msg3 has failed.
Proposal 4: It can be considered to include an indication in RAR to indicate that the UE should fallback to legacy Msg1 once the attempt for sending UL data in Msg3 has failed.
Proposa 5: There should have the mechanism for the UE to fallback to sending legacy Msg1 after a number of failures of sending Msg1 for large Msg3 size.

Proposal 6: It’s suggested to support early DL data transmission in Msg2 during random access procedure triggered by PDCCH order in RRC_CONNECTED.  
Proposal 6a: A LS needs to be sent to RAN1 to confirm whether the physical layer would have size limitation of Msg2, or whether it could support larger size for Msg2.
Proposal 7: It’s suggested for the UE to support dealing with RRCConnectionRelease in Msg4 during random access procedure in RRC_CONNECTED.
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