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1. Introduction
RAN2#99 started the discussion on Even further enhanced MTC for LTE (eFeMTC) and the agreements on the functionality of early data transmission was achieved as follows [1]; 
	Agreements
We intend to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimisation.

We intend to support early DL data transmission in Msg4 for control plane and user plane CIoT EPS optimisation.



	Agreements
Early data transmission feature is considered when AS security was not established for only transmitting data using CP.

Early data transmission feature is considered when AS security was established for transmitting data using CP and/or UP.




On top of these agreements, the email discussion [99#45] was held to discuss the mechanism for support of the functionality [2]. In this contribution, the details of the enhancements necessary for the early data transmission are discussed. 
2. Discussion 
In the following section, for simplicity, the early UL data transmission and the early DL data transmission are separately discussed and the existing random access procedure are taken as the baseline. 
2.1.  Early UL data transmission
2.1.1. Clarifications in the email discussion 
During the email discussion [2], companies provided several assumptions for early data transmission which may be summarized as follows; 
· SIB provides a specific preamble to be used in Msg1 if the UE intends to perform the early UL data transmission in Msg3. In other words, the early UL data transmission is not allowed if SIB does not contain such an indication with a specific preamble. 
· Msg1 includes the UE’s intention with the specific preamble whether the early UL data transmission is in this random access procedure. 

· Msg2 indicates whether the UE’s intention is accepted, in addition to the existing random access response. 

· Msg3 includes the data and an extended RRC Connection (Resume) Request to inform the eNB whether the data transmission is completed within this random access procedure, i.e., whether or not the UE needs to transition to RRC Connected. 
· Msg4 may be either RRC Connection Setup/Resume or RRC Connection Release, i.e., the network responds with Msg4 that confirms reception of Msg3 completes contention resolution and includes NAS PDU (if necessary). 
From the eNB’s perspective, at the minimum it’s necessary for the SIB to indicate whether the early UL data transmission is allowed or not, i.e., the SIB Indication similar to up-CIoT-EPS-Optimisation etc [3]. Then the UE may include the specific preamble in Msg 1 to indicate to the eNB its intention to use early UL data transmission. However, even if the UE includes the specific preamble in Msg1, the eNB should still have the option to decide whether to accept the early UL data transmission, since there may be other reasons the eNB needs to reject the early UL data transmission e.g., overload. This may be conveyed to the UE via Msg2.  So, there should be a two-step permission before the early UL data transmission is accepted. 
Proposal 1 RAN2 should agree that the UE should transmit in Msg1 a specific preamble that is provided in SIB to inform the eNB of its intention to perform early data transmission in Msg3, while the eNB may indicate in Msg2 whether the early data transmission is acceptable or not. 
Since one of main objectives of the early data transmission is to reduce UE’s power consumption, the UE should be released to IDLE as soon as the data transmission is completed. The Release Assistance Indication (RAI) [3]

 REF _Ref493624731 \w \h 
[4] may be reusable for this purpose.  On the other hand, if a data packet to be sent is small and it can be sent in full within the limited size of Msg3, it is assumed the UE will not need to transition to RRC Connected. If the UE is allowed to request such a connection-less data transmission, the request needs to be conveyed to the eNB with one of the following options: 
· Option 1a: With spare1 in EstablishmentCause of RRC Connection Request and/or ResumeCause of RRC Connection Resume Request (Option 1 in [2]). 
· Option 1b: With spare IE in RRC Connection Request and/or RRC Connection Resume Request (Option 3 in [2]). 

· Option 1c: With RAI (i.e., BSR = 0) in Msg3. 
· Option 1d: With a new RRC message, e.g., RRC Connection-less Request (Option 2 in [2]). 
Options 1a~1c have less specification impact than Option 1d. In terms of signalling overhead, Options 1a and 1b are the same but better than Option 1c. With regard to the technical implication, Option 1b is more flexible than Option 1a since the early UL data transmission is in general not associated with Establishment/Resume Causes, especially considering potential needs in future releases.  So, Option 1b is preferable. 
Proposal 2 RAN2 should agree to include 1-bit indication in RRC Connection (Resume) Request, in order to inform the eNB whether the UL data transmission is completed within Msg3. 
2.1.2. Retransmission scheme 
The WID mentions that the early data transmission is performed on a dedicated resource [5]; 
	Improved latency:

· […]
· 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.


It should be further considered whether RAN2’s current agreement for early UL data transmission is really supported with dedicated resource.  RAN2 agreed “early UL data transmission in Msg3” [1], wherein the Msg3 resource is allocated by dedicated UL grant in Msg2. The current Msg3 conveys either RRC Connection Request or RRC Connection Resume Request, over CCCH logical channel [3], which are eventually mapped to PUSCH through UL-SCH [6], but the contention of physical resource between UEs is not resolved yet, in case the early UL data transmission is supported only for UEs in IDLE, i.e., with contention-based random access procedure. 
Observation 1 At Msg3, the contention is not resolved in the contention-based RACH procedure. 
At Msg3, more UL interferences from multiple UEs can be expected since the contention has not been resolved. In other words, the reception error of early UL data in Msg3 may occur, as also pointed out in [7]. In case the early UL data transmission is not successfully received, it’s still unclear what the UE should do, i.e., how to retransmit the UL data that was not successfully received by the eNB. 
Proposal 3 RAN2 should discuss how the UE should retransmit the early UL data if it was not successfully received by the eNB. 
If Proposal 3 is agreeable, the four options for retransmission scheme may be considered: 
· Option 2a: The UE restarts the random access procedure from Msg1, i.e., the previous procedure iscancelled. 
· Option 2b: The UE may retransmit Msg3 with the failed data, i.e., “early UL data retransmission in Msg3”. 

· Option 2c: The UE may retransmit the failed data in Msg5, i.e., when only the data fails. 

· Option 2d: The UE is allowed to retransmit the failed data only after in RRC Connected. 
Option 2a is aligned with the current specification, i.e., flushing Msg3 buffer and restarting from Random Access Resource Selection [4]. Even with Option 2a, it’s unclear whether to apply the legacy backoff time or a new backoff time for early UL data retransmission, and whether or not the number of retransmission is limited.  Option 2b can follow Option 2a, i.e., the UE include the failed data at the next Msg3 timing.  Option 2c is maybe a rare case since it is unlikely the data wasn’t received while the RRC Connection (Resume) Request was successfully received, assuming the same MCS is applied.  Option 2d is the consistent with the current specification, except the retransmission of failed data is allowed. 
Proposal 4 RAN2 should agree that if the early UL data transmission fails, the UE should restart the random access procedure (as it is today) and be allowed to retransmit the data in the next Msg3. 
In any case, the UE should keep the data for early transmission until confirmation of successful reception, even if Msg3 buffer is flushed, as pointed out in the email discussion [2]. 
2.2. DL early data transmission 
2.2.1. Consideration in the email discussion 
The email discussion [2] jointly discussed on both the early DL data transmission and the early UL data transmission, so the DL aspects might not be considered in detail. In the following section, such details are discussed. 
2.2.2. UE’s support of early DL data transmission 
RAN2 agreed “to support early DL data transmission in Msg4” [1], wherein the UE needs to receive the data at Msg4 in addition to RRC Connection Setup/Resume/Release. However, it’s questionable that the eNB always knows whether the UE is capable of the early DL data reception, especially for the UE that is completed released and not just suspended. Considering a unified solution for both CIoT EPS CP/UP optimizations, the UE may inform the NW, i.e., the eNB or the MME, whether it can receive the early DL data. 
Proposal 5 RAN2 should agree that the UE should inform the NW whether it supports early DL data reception. 
From the eNB’s perspective, there are two options for conveying UE’s capability to the NW, i.e., the MME or the UE.  If the MME informs the eNB, it’s obvious that some S1 messages need to be enhanced, e.g., PAGING or INITIAL CONTEXT SETUP REQUEST [8], wherein RAN2 has to consult with RAN3.  On the other hand, if the UE informs the eNB, a couple of options may be considered as follows; 
· Option 3a: A new IE is added for the early DL data reception in UE Capability. 
· Option 3b: An indication is sent in Msg1 or Msg3, if the UE supports the early DL data reception. 
Option 3a is straightforward method to provide UE’s capability to the eNB, but the eNB needs to keep the context even if the UE is no longer in Connected or Suspended, since it’s transferred after Msg4.  Option 3b is a kind of “handshake”, so the UE needs to know whether the early DL data reception is intended, before it starts, i.e., in Paging or Msg2. 
Proposal 6 RAN2 should discuss how the eNB is informed whether the UE supports the early DL data reception, i.e., by the UE or the MME. 
Regardless of Proposal 6, the UE has to know whether it’s necessary to setup the early DL data reception before it happens. 
Proposal 7 RAN2 should agree that the UE should be informed in Paging or Msg2 whether the early DL data reception is necessary. 
2.2.3. Retransmission scheme 
It is assumed that the early DL data transmission is performed on a dedicated/non-contention resource, i.e., Msg4. However, the reception error will happen even with such a resource, so the UE behaviour should be clarified.  Once the early DL data transmission is indicated in Paging or Msg2, i.e., Proposal 7, it’s simple for the UE to monitor the data to be sent on Msg4.. Similar to Proposal 4, there also needs to be a means for retransmission of DL data in case the DL data was not received by the UE.
Proposal 8 RAN2 should agree that the early DL data retransmission is performed on Msg4, if Msg4 is failed to be received. 
2.2.4. Simultaneous early UL/DL data transmissions 
It’s still unclear whether early data transmissions should be supported for both UL and DL simultaneously within a single random access procedure. In general, an UL data transmission may need an upper layer acknowledgement over the following DL and vice versa, e.g., the TCP ACK. It would seem possible that the UE decides to transmit UL data transmission in Msg3 followed by the acknowledgement as DL data reception in Msg4 within one random access procedure.  Note that it’s obvious the DL data transmission in Msg4 cannot be followed by Msg3 in the same procedure. The upper layer acknowledgement as UL data transmission must be sent in the next Msg3, which will occur in the next random access procedure, or the UE could also transition to RRC Connected, but that would negate the purpose of sending the early DL data. 
However, it’s unclear how much latency such an upper layer acknowledgement needs. If the upper layer round trip is done within a random access procedure and the upper layer acknowledgement is delayed, the UE may continue monitoring Msg4 for a long time after Msg3 transmission, whereby It will cause UE’s unnecessary power consumption. So, it’s reasonable that either early UL data transmission or early DL data transmission is supported within one random access procedure. 
Proposal 9 RAN2 should agree that one random access procedure supports only one early data transmission, i.e., either the early UL data transmission or the early DL data transmission. 
3. Conclusion 
In this contribution, the details of early data transmission are discussed separately for UL and DL.  RAN2 is kindly asked to take into account the proposals below: 
Proposal 1
RAN2 should agree that the UE should transmit in Msg1 a specific preamble that is provided in SIB to inform the eNB of its intention to perform early data transmission in Msg3, while the eNB may indicate in Msg2 whether the early data transmission is acceptable or not.
Proposal 2
RAN2 should agree to include 1-bit indication in RRC Connection (Resume) Request, in order to inform the eNB whether the UL data transmission is completed within Msg3.
Observation 1
At Msg3, the contention is not resolved in the contention-based RACH procedure.
Proposal 3
RAN2 should discuss how the UE should retransmit the early UL data if it was not successfully received by the eNB.
Proposal 4
RAN2 should agree that if the early UL data transmission fails, the UE should restart the random access procedure (as it is today) and be allowed to retransmit the data in the next Msg3.
Proposal 5
RAN2 should agree that the UE should inform the NW whether it supports early DL data reception.
Proposal 6
RAN2 should discuss how the eNB is informed whether the UE supports the early DL data reception, i.e., by the UE or the MME.
Proposal 7
RAN2 should agree that the UE should be informed in Paging or Msg2 whether the early DL data reception is necessary.
Proposal 8
RAN2 should agree that the early DL data retransmission is performed on Msg4, if Msg4 is failed to be received.
Proposal 9
RAN2 should agree that one random access procedure supports only one early data transmission, i.e., either the early UL data transmission or the early DL data transmission.
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