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Discussion and decision
1 Introduction

In RAN plenary # 80 meeting, following objectives for Rel-16 eMTC WI have been approved.
Improved DL transmission efficiency and/or UE power consumption:
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]

In this contribution, we discuss on handling the information on the size and acknowledgment of the DL EDT data.
2 Discussion
For Rel-15 UL EDT solution, a small UL data can be transmitted in Msg3 and a small DL data can be transmitted in Msg4. UE moves back to IDLE after receiving RRCConnectionRelease message in Msg4. However, if UE has no UL data to transmit or has UL data larger than the broadcast max TBS size, Rel-15 UL EDT cannot be used. This would mean UE uses legacy PRACH resource for the selected CE level after receiving paging message and eNB provides the legacy UL grant in RAR. Therefore, UE has to send legacy RRCConnectionRequest or RRCConnectionResumeRequest message in Msg3. In other word, UE decides whether to use UL EDT or not.

Observation 1. In Rel-15 UL EDT, UE makes decision to use UL EDT. One of the conditions to use UL EDT is that UL data size is smaller than the max TBS size broadcast for the selected CE level.

In DL-EDT, UE may not have UL EDT data and MME/SGW may have a small data to deliver to UE [1]. The DL data should be transmitted in Msg4. For this purpose, UE has to send NAS service request in Msg3 in CP solution while it has to activate AS security before Msg3 in UP solution. UE may not use Rel-15 UL EDT as a solution for Rel-16 DL EDT because size of UL grant received in RAR will be too large if UE has no UL data to transmit and UE may not want to waste power by transmitting a lot of padding bits. If UE does not use Rel-15 UL EDT, then question is who makes decision to use Rel-16 DL EDT. 
Whenever a DL data arrives in MME/SGW, either MME or eNB can decide to use DL EDT because UE in IDLE would not know, for example, if there is small DL data or not to be able to use DL EDT. Therefore, it is important to address the following aspects in relation to DL EDT:
1. What is the DL EDT data size?

2. Does UE’s CE level allow the transmission of the DL data in a single transport block?

3. Is acknowledgment of DL EDT data required?

Sections 2.1 and 2.2 discuss these points aiming to identify the impacted areas and potential solutions.
2.1 Decision to perform DL EDT

In Rel-15 UL EDT, the maximum TBS size that can be transmitted using UL EDT solution is 1000 bits for CE mode A while 936 bits in CE mode B. UE needs this information to initiate the UL EDT, i.e. UE cannot initiate UL EDT if the UL data size is larger than the max TBS size broadcast for the selected CE level.
As previously explained, this is not same for DL EDT. In DL EDT, UE may not have UL EDT data. eNB may not know beforehand the UE’s CE level until it receives Msg1 and its UE’s category (for support of larger TBS size) until its context is fetched. For example, eNB does not know whether the UE’s CE level is 0/1 or 2/3 at the time of paging. When received preamble corresponds to CE level 2 or 3, the small data (for example, size is 1000 bits) could not be transmitted in a single transport block (TB). Therefore, eNB cannot use DL EDT and would have to move UE to RRC_CONNECTED.
Observation 2. Until the eNB receives preamble and knows the CE level, it would not know if the small data can be transmitted in a single transport block in Msg4 as max TBS size for transmission is different per CE level. 
In Rel-16 DL EDT, UE needs to indicate to eNB the intention to use DL EDT via Msg1 or Msg3, thus TBS size limit for each CE level in Msg4 could trigger fallback. Same approach as in Rel-15 UL EDT could be considered to handle fallback due to insufficient UL grant in RAR or Msg4 requesting the UE to move into RRC_CONNECTED. 

Note, in Rel-15 UL EDT, it is up to UE how to handle the fallback upon receiving the legacy UL grant in RAR when using CP CIoT optimization. When using UL CIoT optimization, UE continues using the activated AS security for the subsequent messages.
Proposal 1. Fallback due to insufficient UL grant in RAR or Msg4 requesting the UE to move into RRC_CONNECTED is handled in the same way as in Rel-15 UL EDT.
In RAN1#94 meeting, following agreements were made for the new objective of Rel-16 eMTC (scheduling multiple transport blocks for unicast transmission). 

Agreement
Specify scheduling of multiple transport blocks for both CE Mode A and B
The possibility of scheduling multiple DL/UL transport blocks is configured via RRC. Details TBD
When scheduling of multiple TBs is enabled, the number of scheduled transport blocks (>= 1) should be dynamically selected via DCI. The maximum number of scheduled transport blocks with one single DCI is [TBD].

· The number of blind decodes for MPDCCH is not increased as a result of scheduling multiple TBs

If the size of small DL data is larger than the allowed TBS size for transmission due to channel condition (UE’s CE level indicated by received preamble), eNB may schedule multiple transport blocks to deliver the DL data at least for UE using UP CIoT optimization (as eNB can retrieve the configuration). Therefore, whether or not eNB requires the information on size of DL data from MME to decide to use DL EDT can be further discussed.
Proposal 2. It is FFS whether or not eNB needs to know DL EDT data size in order to decide to perform DL-EDT. 

DL EDT with ACK

When using DL EDT to transmit DL data in Msg4, if network has no information whether or not acknowledgment for the DL data is required or has information acknowledgment of DL data is not required, (for example, similar to NAS RAI), then there will be no issue as DL EDT can be successful after sending data in Msg4 and UE can move back to IDLE.

If network also has information that acknowledgment is required for the DL EDT data, network may want to move UE to RRC_CONNECTED but also wants to send DL data in Msg4 to reduce end to end latency. In this case, MME or eNB should decide to use the DL EDT solution as UE has to send NAS service request in Msg3 in CP solution and activate AS security before Msg3 in UP solution. 

Observation 3. If network wants to move UE to RRC_CONNECTED but also wants to send DL data in Msg4 to reduce end to end latency, MME or eNB should still decide to use the DL EDT solution
After receiving the Msg3, eNB can decide whether the UE should be moved back to RRC_IDLE or RRC_CONNECTED using Msg4. In UL EDT, there is a possibility that acknowledgment for the UL EDT data can be sent in Msg4. In DL-EDT, UE would need to send the Msg5 if acknowledgement of DL EDT data in Msg4 is required to be sent. In this case, network can ask UE to move to the RRC_CONNECTED.

In UP solution, once AS security is activated, the RRCConnectionResume message can be integrity protected and ciphered. The DL user data in DTCH can be multiplexed. Therefore, it is possible to send DL data in Msg4 while moving the UE into RRC-CONNECTED for acknowledgment of the DL data. 

Observation 4. In UP solution, Rel-16 DL EDT can be used to send the small DL data in Msg4 while moving the UE into RRC-CONNECTED for acknowledgment of the DL data.

However, when UE is using CP CIoT optimization, RRCConnectionSetup message is used to move the UE to RRC_CONNECTED. Currently, it is not possible to encapsulate the CP data in Msg4 while moving the UE into RRC_CONNECTED in CP solution. Therefore, a mechanism needs to be defined to transmit the CP data in Msg4.

Proposal 3. In CP solution, a new mechanism is defined to transmit DL EDT data in Msg4 while moving UE to RRC_CONNECTED.

3 Conclusion

The observations captured are the following:
Observation 1.
In Rel-15 UL EDT, UE makes decision to use UL EDT. One of the conditions to use UL EDT is that UL data size is smaller than the max TBS size broadcast for the selected CE level.
Observation 2.
Until the eNB receives preamble and knows the CE level, it would not know if the small data can be transmitted in a single transport block in Msg4 as max TBS size for transmission is different per CE level.
Observation 3.
If network wants to move UE to RRC_CONNECTED but also wants to send DL data in Msg4 to reduce end to end latency, MME or eNB should still decide to use the DL EDT solution
Observation 4.
In UP solution, Rel-16 DL EDT can be used to send the small DL data in Msg4 while moving the UE into RRC-CONNECTED for acknowledgment of the DL data.

The proposal captured are the following:
Proposal 1.
Fallback due to insufficient UL grant in RAR or Msg4 requesting the UE to move into RRC_CONNECTED is handled in the same way as in Rel-15 UL EDT.
Proposal 2.
It is FFS whether or not eNB needs to know DL EDT data size in order to decide to perform DL-EDT.
Proposal 3.
In CP solution, a new mechanism is defined to transmit DL EDT data in Msg4 while moving UE to RRC_CONNECTED.
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