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1 Introduction

In the WI of further NB-IoT enhancement (RP-171428), 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]


In the RAN2#99bis meeting, RAN2 has made significant progress on the early data transmission (EDT) topic. The following agreements may have impacts on RAN3 specifications.

	Agreements:

· 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.
· Msg4 decides whether the UE goes to RRC connected mode or RRC idle mode. The content of Msg4 for EDT is FFS.

· 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, 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.


In the RAN3 #97bis meeting, RAN3 has endorsed the modification for S1 interface for CP solution. A new End Indication in DL S1 messages is still FFS.

In this contribution, we will further discuss the feasibility of the End Indication and give our proposals for how to deal with S1 interface in the EDT case.

2 Discussion

2.1 Introduction

In the attached document[1] of RAN2 liaison to RAN3/CT1/SA2, based on RAN2 agreements for EDT, RAN2 has given an example early Data transmission procedure for the small UL Data with optional DL reply (network signalling and NAS related details provided here shall be regarded as RAN2 assumptions rather than agreements) as the following Figure 1:

Figure 1: Small UL Data with optional DL reply, Early Data Transmission

In this EDT procedure example, after the step 3.2, e.g., Msg3 including UL data has been sent to eNB. It is assumed that by eNB or MME trigger, there will be a decision to send the UE either back to idle mode or to RRC connected.  It’s FFS how the eNB can get all the information needed to make decision. 

RAN2 also gives the S1 messages exchanging example in the dotted box which are almost the current ones for CP/UP solutions. The existence, content, and order of steps are FFS and up to RAN3, SA2, CT1. A possible reason for moving the UE to RRC connected mode could be e.g. that more data is expected in the UL or DL. 

2.2 S1 procedure for CP solution

RAN2 has made an agreement for CP solution that the UE would not send the data in Msg3 if the data cannot fit in the UL grant. 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 and doesn’t fit in UL grant for Msg3. There are also some discussion on introducing  an  indication in Msg3 about whether or not further UL/DL data are expected after Msg4. For CP solution, it may be a RAI-like indication. We think if segmentation is possible to be supported, such indicate in Msg3 about whether further Uplink Data transmissions are expected would be useful for eNB to make decision on Msg4 types. Otherwise, it may be not so necessary to introduce such UL data status indication.

Observation 1: The indication in Msg3 about whether further Uplink Data transmissions are expected would be depended on the final decision on supporting or not data segmentation.
In other cases the UE with CP solution would send only one UL NAS PDU and expect only one DL ACK for the UL data or considering there may be also the case that MME has some buffered DL data. In these cases, we think it’s better for the eNB to pend Msg4 for a while to wait the ACK for UL data or the possible buffered DL data. Then we think the indication in Msg3 about whether further DL Data transmissions are expected may be not so necessary for CP solution since the eNB anyway wants to know whether there would have DL data before it sends Msg4 to the UE.

Observation 2: The indication in Msg3 about whether further Downlink Data transmissions are expected may be not so necessary for CP solution since the eNB anyway would prefer to wait for DL data before it sends Msg4 to the UE.

In last RAN3 meeting, contribution [4] has been discussed. Considering that after receiving the first S1 message INITIAL UE MESSAGE with UL NAS PDU, the MME may need to provide a DL NAS PDU towards the eNB, and the S1 connection will be released, several options are provided to support the required processes as follows:

CP-Option 1: DL NAS TRANSPORT + MME triggered S1 UE context release
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Figure 2-1: CP-Option 1
CP-Option 2: MME triggered S1 UE Context Release with DL NAS PDU
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Figure 2-2: CP-Option 2

CP-Option 3: DL NAS TRANSPORT message (with End Indicator) + eNB triggered S1 UE context release
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Figure 2-3: CP-Option 3

The Option 3 was preferred in last meeting. However, we think Option 3 has no obvious advantage over the other two Options, especially the Option 2. 

For Option 1, before the eNB could send Msg4 to the UE, the eNB would wait for several DL S1 messages. That means the contention resolution in air interface would last for longer period and then UE power consumption would be increased. So we also don’t prefer Option1. 

For Option 2, the reason why it is not preferred is that the concept of S1 UE Context release procedure is changed. But we have the similar concern for the Option 3. In the current procedure for NAS PDU transmission for CP solution, if RAI indicates the next downlink packet following RAI is the last packet of the application layer data exchange, and MME is aware of no additional pending MT traffic and no S1-U bearers, the MME would send a S1 UE Context Release Command immediately after the the S1-AP message including the DL NAS PDU to trigger eNB to release the RRC connection promptly after successfully sending data to the UE. With Option 3, MME would add new End Indication in the DL S1 messages and cancel the possible S1 UE Context Release Command message. It assumes the new End Indication will trigger eNodeB-initiated S1 release procedure. When the MME later receives the S1 UE Context Release Request message sent by eNB, the MME would response with S1 UE Context Release Command message. So it’s obvious that Option 3 has more impacts on the MME processes.

Furthermore, with the consideration on RAN2 agreements, the eNB would still be in RRC idle mode when it receives the DL S1 message with End Indication. It needs more clarification for the trigger of eNodeB-initiated S1 release procedure while the eNB is still in RRC idle mode.  
In a summary we think the most signaling-efficient and less complicated option is Option 2. With Option 2, it only needs to trigger MME-initiated S1 release procedure. When the eNB receives the S1 UE Context Release Command message as the response of the INITIAL UE MESSAGE, the eNB would know there have no further DL data transmissions. The eNB would send Msg4 to indicate the UE back to RRC idle mode, and eNB sends S1 UE Context Release Complete to MME as a response to the release command and release the local UE context. The additional S1 release request message in Option 3 would be saved and not necessary. When the eNB receives a normal DL S1 message, e.g., DL NAS Transport, the eNB would assume further DL data transmissions are expected and send Msg4 to the UE to send it to the RRC connected mode.

Proposal 1: The CP-Option 2 is more signaling-efficient and less complicated. It can be used as S1 procedure to support early data transmission, by introducing DL NAS PDU into the S1 UE Context release command message.

Proposal 1a: If the eNB receives the S1 UE Context Release Command message as the response of the INITIAL UE MESSAGE, the eNB would send Msg4 to indicate the UE back to RRC idle mode. If the eNB receives a normal DL S1 message, e.g., DL NAS Transport, the eNB would send Msg4 to indicate the UE going to RRC connected mode.
2.3 S1 procedure for UP solution

For UP solution, it’s possible to support UL data segmentation. In the RAN2 email discussion, indication in Msg3 about whether further UL/DL data are expected or not after MSG4 has been mentioned. We think at least an indication for UL data status would be useful and important for UP solution. The existing BSR may be used as this purpose. For example, if BSR indicates there will have more UL data transmissions (case 1), the eNB could send Msg4 immediately to the UE to send it to RRC connected mode and doesn’t need to wait S1 procedures. The Figure 4 gives an example for case 1.
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Figure 4: S1 procedure for UP solution (case 1)
Proposal 2: For UP solution, the indication about whether more UL data transmissions are expected in Msg3 is useful. With this indication, in some cases the eNB could send Msg4 immediately to the UE to send it to RRC connected mode in order to reduce the delay in air interface. 

There may have other cases that the indication in Msg3 indicates no more UL data transmissions are expected. But similar as that for CP solution, considering that MME may have some buffered DL data, we think it’s better for the eNB to pend Msg4 for a while to wait the ACK for UL data or the possible buffered DL data (case 2). The Figure 5 gives an example for case 2. After the eNB receives Msg3 with multiplexing UL data and BSR in Msg3 indicates there have no more UL data, the eNB will firstly trigger S1 interface resume procedure, and then send UL data through E-RAB. After the eNB gets the DL ACK for the UL data, the eNB would send Msg4 with multiplexing DL data to the UE and send it to RRC idle mode or RRC connected mode.
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Figure 5: S1 procedure for UP solution (case 2)
Furthermore, if the eNB can get an indication about “no more DL data other than ACK”, the eNB could undoubtedly decide to send the UE a Msg4 with possible DL data to make it back to RRC idle mode. Such indication can be set in the DL S1 message, e.g., UE CONTEXT RESUME RESPONSE message by MME if MME can get necessary information from core network. Or such indication could be one or more "end marker" packets which are received through the S1-U interface.

Proposal 3: For UP solution, it’s suggested to send eNB an indication about “no more DL data other than ACK” to help the eNB to decide the Msg4 type. Such indication could be one or more "end marker" packets in the S1-U interface or an explicit indication in DL S1 messages, e.g., UE CONTEXT RESUME RESPONSE message.

Different from CP solution, in UP solution, it’s impossible for the MME to combine the DL S1 message and the DL data.  So the MME should firstly finish the resumption of the S1. And then the UL/DL data can be transmitted through the E-RAB. We assume in most cases there may only have an ACK for UL data or small buffered DL data, we should consider how to deal with the S1 interface after end of the DL data transmission.

In above case 2, if the eNB send UE a Msg4 to make it back to RRC idle, eNB will also be in RRC idle. We should notice that the MME and eNB have resumed the S1 interface. That means there exists state mismatch between MME and eNB.

Generally in the current specifications, the eNB would release or suspend the RRC and S1 interface based on some kind of inactive timer. But in the state mismatch case, there has no such inactive timer in eNB, that means it may be impossible for the eNB to trigger the S1 interface suspenion later, that may cause unnecessary waste of resource or other paging issue.

Observation 3: For UP solution, if the eNB send UE a Msg4 to make it back to RRC idle, eNB will also be in RRC idle. Since MME and eNB have resumed the S1 interface,  there would exist state mismatch between MME and eNB. it may be impossible for the eNB to trigger the S1 interface suspenion later.
We think the indication in DL S1 message would act as an implicit trigger for S1 interface suspension. That is, if eNB has received an indication like “no more DL data other than ACK” in the S1-U interface or in DL S1 message, the eNB could trigger S1 suspension after or in parallel to transmitting Msg4. 

Proposal 4: For UP solution, the indication to the eNB about “no more DL data other than ACK” could be used an implicit trigger for S1 interface suspension.

Based on proposal 3 and proposal 4, we give a detailed S1 procedure for UP solution in the following Figure 6:
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Figure 6: S1 procedure for UP solution (with no more DL data indication)

3 Conclusion

Based on the analysis in this paper, we have the following proposals:

Observation 1: The indication in Msg3 about whether further Uplink Data transmissions are expected would be depended on the final decision on supporting or not data segmentation.

Observation 2: The indication in Msg3 about whether further Downlink Data transmissions are expected may be not so necessary for CP solution since the eNB anyway would prefer to wait for DL data before it sends Msg4 to the UE.

Proposal 1: The CP-Option 2 is more signaling-efficient and less complicated. It can be used as S1 procedure to support early data transmission, by introducing DL NAS PDU into the S1 UE Context release command message.

Proposal 1a: If the eNB receives the S1 UE Context Release Command message as the response of the INITIAL UE MESSAGE, the eNB would send Msg4 to indicate the UE back to RRC idle mode. If the eNB receives a normal DL S1 message, e.g., DL NAS Transport or, the eNB would send Msg4 to indicate the UE going to RRC connected mode.

Proposal 2: For UP solution, the indication about whether more UL data transmissions are expected in Msg3 is useful. With this indication, in some cases the eNB could send Msg4 immediately to the UE to send it to RRC connected mode in order to reduce the delay in air interface.

Proposal 3: For UP solution, it’s suggested to send eNB an indication about “no more DL data other than ACK” to help the eNB to decide the Msg4 type. Such indication could be one or more "end marker" packets in the S1-U interface or an explicit indication in DL S1 messages, e.g., UE CONTEXT RESUME RESPONSE message.

Observation 3: For UP solution, if the eNB send UE a Msg4 to make it back to RRC idle, eNB will also be in RRC idle. Since MME and eNB have resumed the S1 interface,  there would exist state mismatch between MME and eNB. it may be impossible for the eNB to trigger the S1 interface suspenion later.

Proposal 4: For UP solution, the indication to the eNB about “no more DL data other than ACK” could be used an implicit trigger for S1 interface suspension.
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