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1. Introduction
RAN2#99bis achieved a significant progress on the Early Data Transmission (EDT) feature with many agreements as follows [1]: 
	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)


On top of the meeting outcomes, a couple of email discussions attempt to clarify the details of Msg1/Msg2 [2] and Msg3/Msg4 [3] in the EDT procedure.  On the other hand, the EDT feature is identified as one of “feNB-IoT Priority CRs for December” [4], so the basic functionality needs to be addressed before RAN#78. 
In this contribution, the remaining issues to complete the basic functionality of EDT are discussed. 
2. Discussion 
2.1. Use cases 
During the discussion, it seems to be the common understanding that the EDT procedure is initiated by UL EDT e.g., a sensor data on higher layer and it ends with DL EDT e.g., a corresponding higher layer ACK, i.e., a higher layer round-trip is done within an EDT procedure. 
On the other hand, the UL-only EDT procedure and/or the DL-only EDT procedure are also useful in the following cases (refer to Figure 1 for more comparisons):
· UDP type of data transmission, i.e., no ACK on higher layer; 
· Longer delay in higher layer round trip, i.e., higher layer ACK needs a certain time before response; 

· Command from an application server to a device, i.e., communication is triggered by DL. 
The UL-only EDT procedure can already be supported since RAN2 agreed that “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” and “For UP solution, DL data can be optionally multiplexed in MAC, i.e. DCCH (RRC message(s)) and DTCH (UP data) in Msg4” [1], so the UE may receive Msg4 without data. 
Observation 1 The UL-only EDT procedure is supported based on the current agreements. 
On the other hand, the support of DL-only EDT procedure is still unclear based on the current agreements, since the UE does not know whether DL EDT transmission will occur until it receives Msg4 and the eNB does not know the UE’s capability forDL EDT reception until it receives UL EDT from the UE, at least if we assume UE capable of UL EDT is also capable of DL EDT. Therefore, further enhancements should be considered, e.g., a notification in the paging [5], if the DL-only EDT procedure is supported. 
Proposal 1 RAN2 should discuss whether the DL-only EDT procedure is supported or not. 
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Figure 1
 EDT procedures

2.2. Details of EDT Indication 
It was agreed in RAN2#99bis that “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.” and “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.” [1]  

The email discussion [2] discussed the FFSs, i.e., the additional information on Msg1 and the PRACH partitioning details.  Regarding the additional information on Msg1, it seems the majority’s view that the EDT Indication is configured per CE but the UE Category is not necessary; No consensus on the grant size indication, which may be a future extension. 

Proposal 2 RAN2 should agree that the EDT Indication on Msg1 is configured per CE, and the grant size indication on Msg1 should be considered as a future extension. 

For the details of PRACH partitioning, the two directions for solutions were suggested in [2], i.e., the soft-partitioning (or the non-dedicated PRACH resource) and the hard-partitioning (or the dedicated PRACH resource). The issue is whether further PRACH fragmentation is acceptable, since it may cause PRACH performance degradation [8], especially in case of limited resources in some deployment scenario of NB-IoT.  

Even though there are some advantages to sharing PRACH resources with soft-partitioning in e.g., non-optimized NW, the number of partitioning is no different from that of hard-partitioning. For example with the hard-partitioning, assuming 3 legacy CE levels, 3 EDT Indication for the 3 CE levels, it needs 6 partitions in a PRACH resource. For the soft partitioning, it also needs 6 PRACH spaces (3 CE levels x 2 different preambles). It means there is no physical trade-off, i.e., the difference is the design how to separate the UEs. 
Note: With the hard-partitioning, the shared PRACH resource is possible if the eNB configures the legacy PRACH resource and the EDT Indication PRACH resources with an overlapped resource. 

Therefore, in our view, the PRACH performance is eventually similar in a well-optimized NW regardless of partitioning methods, soft or hard partitioning, and regardless of dedicated or non-dedicated resource. 
Observation 2 PRACH performance will be eventually similar among the solutions that were suggested in the email discussion [2]. 
As an alternative solution not previously discussed in email [2], it should also be considered if multiple PRACH transmissions from an UE can be defined to differentiate between legacy PRACH and UL-EDT PRACH. For example, the UE sends the first PRACH for legacy purpose (i.e., CE level determination) and still sends the second PRACH for EDT Indication (i.e., only the UE requesting EDT sends the second one). The eNB may perform blind-decoding over the two PRACH spaces for each PRACH shot (refer to Figure 2). The two PRACHs may be sent over the same subframe. With this approach, only 4 PRACH resources is needed (3 CE levels for the first PRACH and 1 EDT Indication for the second one) and it’s backward compatible since the legacy UE only sends the first PRACH as it is today. However, the drawback of this solution is obviously the need for the UE to send an additional PRACH, whereby it causes additional power consumption, but it may be similar to the power consumption due to PRACH performance degradation (e.g., collision). 

Proposal 3 RAN2 should consider if the multiple PRACH transmissions with one additional PRACH space is useful for EDT Indication. 

Proposal 4 If Proposal 2 and Proposal 3 are agreeable, RAN2 should later consider if the grant size indication is mapped onto an additional PRACH space. 
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Figure 2
 EDT Indication with Multiple PRACH transmissions

2.3. EDT failure cases 
2.3.1. UL grant failure (Msg1/Msg2) 
RAN2 agreed, “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.” [1]. This means at least for CP solution, even if the UE sends the EDT Indication on Msg1, the eNB may reject the EDT procedure with the legacy size UL grant on Msg2. It may be considered as a failure case from the EDT procedure’s point of view. 
Observation 3 The EDT procedure fails when the UL grant does not fit to the data size, at least for CP solution. 
The current agreements only stated the condition whether the data can be transmitted on Msg3, while there’s no mention of what the UE should do if the UL grant is smaller than expected. Thus, the UE behaviour upon this failure should be specified for e.g., testing.  A couple of options should be considered as follows; 
· Option 1: The UE transmits the legacy Msg3 (i.e., without data). 

· Option 2: The UE may retry the EDT procedure (i.e., start over from Msg1). 
Option 1 may be the baseline assumption based on our understanding from the current discussion. Option 2 is somewhat different from the current behaviour, i.e., the UE skips PUSCH transmission even though it receives the corresponding UL grant. However, since the EDT is a new function, it’s still worth considering whether Option 2 should be optionally supported, e.g., supported only when the eNB configures the UE with this functionality to minimize unnecessary UE power consumption resulting from the transition to RRC Connected. 
Proposal 5 RAN2 should agree that the UE transmits the legacy Msg3 if the UL grant size is not enough for UL EDT, at least for CP solution. 
Proposal 6 RAN2 should discuss whether the UE is optionally allowed to retransmit the EDT Indication if the UL grant size is not large enough. 
2.3.2. Reception failure (Msg3/Msg4)
There has been clear view on how reception failure of EDT data should be handled.  
In UL EDT discussion so far, the UE behaviour only assumed the case when the UE does receives Msg4, but it’s not yet clear what happens if the UE does not receive Msg4. Although some options were discussed in [6], it may be simpler if the UE follows the current random access procedure, i.e., restarting from Random Access Resource selection [7], whereby UL EDT may be also retried. 
Proposal 7 RAN2 should agree that the UE restarts the random access procedure (and UL EDT procedure) from Random Access Resource selection, if the contention resolution is considered unsuccessful, as it is today. 
It should also be discussed where the data for retransmission is stored since currently the HARQ buffer is flushed when the contention resolution is considered not successful [7].  From the CP solution’s perspective, the traffic data is encapsulated as NAS PDU within an RRC message. It may be possible to encapsulate the traffic data in the RRC layer until the data transmission is successfully completed.  On the other hand, from the UP solution’s perspective the traffic data on DTCH is multiplexed in the MAC layer, so the traffic data cannot be stored in the RRC layer but in one of the user plane layers.  From the perspective of having common UE behaviour for CP and UP, the MAC layer should also not flush the HARQ buffer even if the contention resolution is considered not successful. 
Observation 4 It’s unclear which layer stores the data until UL EDT is successfully completed, in RRC or MAC. 
Proposal 8 RAN2 should agree that MAC layer handles the data retransmission in UL EDT. 
In DL EDT, the reception failure of Msg4 is indicated by HARQ feedback, so the retransmission of data may simply follow the current HARQ retransmission. 
Proposal 9 RAN2 should agree that DL EDT retransmission is performed over Msg4 HARQ retransmission, same as it is today. 
2.3.3. T300 and Contention Resolution timer failures (Msg3/Msg4)
In the current specification, there are two timers running between Msg3 and Msg4, T300 in RRC [9] and mac-ContentionResolutionTimer in MAC [7]. The T300 values are 100ms~2000ms for LTE and 2500ms~60000ms for NB-IoT. The mac-ContentionResolutionTimer values are sf8~sf64 for LTE and pp1~pp64 for NB-IoT. When these timers expire, the UE considers the RRC Connection Establishment/Resume or the Contention Resolution is not successful respectively. 
In case sensor data is transmitted over UL EDT and  the corresponding TCP ACK is transmitted over DL EDT (i.e., refer to the “Full EDT procedure” in Figure 1), the Msg4 transmission in the EDT procedure will likely be delayed more than legacy Msg4 since it depends on the round-trip time from the higher layer. Therefore, it’s straightforward to define longer timer values to prevent unnecessary failure. 
Proposal 10 RAN2 should define the longer value for the timer that runs between UL EDT on Msg3 and DL EDT on Msg4. 
However, it may cause additional UE power consumption due to continuous PDCCH monitoring until reception of Msg4 [7]. So, some kind of DRX-like reception mode should be introduced in the EDT procedure. 
Proposal 11 RAN2 should consider if a discontinuous reception is allowed in EDT procedure (i.e., after Msg3 transmission until Msg4 reception). 

In addition, it’s questionable how the eNB configures the timer values, since it’s unknown to the eNB when the TCP ACK will arrive from the higher layer message. It’s assumed that there are a number of UEs implementing various applications in a cell, so it will be difficult for the eNB to set appropriate timer values for all UEs. 
One possibility would be the dedicated configuration on Msg2, but it’s still difficult to determine the timer value without application layer knowledge. On the other hand, the UE may help to set suitable timer value based on its timeout setting in the higher layer. For example, the UE may inform the eNB of the self-configured timer value on Msg3. 
Proposal 12 RAN2 should consider if the UE is allowed to inform the eNB of the self-configured timer value on Msg3. 
If one of Proposal 10~Proposal 12 is agreeable, the concept of timers for EDT is different from legacy timers.  Also, it’s still possible that the UE capable of EDT will initiate legacy RRC Connection Establishment/Resume due to e.g., larger packet transmission, whereby the legacy timers shall be applicable in this case.  So it’s worth discussing whether the timer for EDT is based on legacy timer(s) or if a new timer is needed. 
Proposal 13 RAN2 should discuss whether the timer for EDT is based on legacy timer(s) or if a new timer is needed. 
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Figure 3
 Longer delay due to round-trip time in higher layer
2.4. Authorization mechanism 
It was captured in the chairman’s note that “It is FFS if there is a need to introduce an authorization mechanism”[1], such an authorization mechanism was out of scope in the email discussions [2]

 REF _Ref498336821 \w \h 
[3]. 

In our understanding, EDT is an AS functionality and is not costly from the standpoints of NW and UE (unlike CE). In addition, the NW may always disable EDT function e.g., by removing the PRACH partitioning parameters and/or the maximum possible grant size from SIB so there is no technical reason to introduce an authorization mechanism. 
Proposal 14 RAN2 should agree that no authorization mechanism is needed for EDT. 
3. Conclusion 
In this contribution, the remaining issues of EDT completion are discussed and some way forwards and solutions are suggested.  RAN2 is kindly asked to take into account the proposals below: 
Observation 1
The UL-only EDT procedure is supported based on the current agreements.
Proposal 1
RAN2 should discuss whether the DL-only EDT procedure is supported or not.
Proposal 2
RAN2 should agree that the EDT Indication on Msg1 is configured per CE, and the grant size indication on Msg1 should be considered as a future extension.
Observation 2
PRACH performance will be eventually similar among the solutions that were suggested in the email discussion [2].
Proposal 3
RAN2 should consider if the multiple PRACH transmissions with one additional PRACH space is useful for EDT Indication.
Proposal 4
If Proposal 2 and Proposal 3 are agreeable, RAN2 should later consider if the grant size indication is mapped onto an additional PRACH space.
Observation 3
The EDT procedure fails when the UL grant does not fit to the data size, at least for CP solution.
Proposal 5
RAN2 should agree that the UE transmits the legacy Msg3 if the UL grant size is not enough for UL EDT, at least for CP solution.
Proposal 6
RAN2 should discuss whether the UE is optionally allowed to retransmit the EDT Indication if the UL grant size is not large enough.
Proposal 7
RAN2 should agree that the UE restarts the random access procedure (and UL EDT procedure) from Random Access Resource selection, if the contention resolution is considered unsuccessful, as it is today.
Observation 4
It’s unclear which layer stores the data until UL EDT is successfully completed, in RRC or MAC.
Proposal 8
RAN2 should agree that MAC layer handles the data retransmission in UL EDT.
Proposal 9
RAN2 should agree that DL EDT retransmission is performed over Msg4 HARQ retransmission, same as it is today.
Proposal 10
RAN2 should define the longer value for the timer that runs between UL EDT on Msg3 and DL EDT on Msg4.
Proposal 11
RAN2 should consider if a discontinuous reception is allowed in EDT procedure (i.e., after Msg3 transmission until Msg4 reception).
Proposal 12
RAN2 should consider if the UE is allowed to inform the eNB of the self-configured timer value on Msg3.
Proposal 13
RAN2 should discuss whether the timer for EDT is based on legacy timer(s) or if a new timer is needed.
Proposal 14
RAN2 should agree that no authorization mechanism is needed for EDT.
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