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1. Introduction

In RAN #75 meeting, new Rel-15 work item of MTC enhancement was agreed [1]. The scope of work item includes support for DL/UL data transmission on a dedicated resource during the Random Access procedure to for improved latency.

	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.


In RAN2#99 meeting, it was agreed to introduce early data transmission in MTC/NB-IoT via Msg3 for UL and Msg4 for DL as follows.

	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.

· 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.


In the RAN2#99bis meeting, RAN2 identified that PRACH partitioning is needed to indicate UE’s intention to early data transmission in Msg3 as shown in below agreement, and bullets to do with RAN1 discussion are highlighted in blue.
	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.


In the RAN2#100 meeting, RAN 2 made following agreements and working assumption regarding preamble-and-(N)PRACH resource partitioning/configuration and indication of Msg3 data sizes.

	Agreements:
· The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.

· PRACH partitioning for EDT indication is configured per enhanced coverage level.

· Working assumption: Support for segmentation for this case is not prioritized.

· Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.

· FFS how to adress the padding issue in Msg3.

· UE category is not indicated in Msg1.

· For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.

· PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.


And the following agreements were also made for maximum possible grant size for Msg3 and sent the LS to RAN1.
	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.
· 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.


In RAN1#90bis meeting, following agreements on the DL aspects were made.
	Agreements:

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.

· FFS if and how there will also be a larger supported maximum total TBS

· The detailed value(s) should consider the payload size of early data packets from RAN2.

· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead

· Send LS to RAN2 informing the above (Xiaolei, HiSilicon, R1-1719100) (including eMTC agreements)


In RAN1#91 meeting, following agreements on the DL aspects were made.
	Agreements:

· Maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3

· Ask RAN2 whether one reserved bit in MAC RAR can be used for EDT feature


In this paper, we discuss RAN1 aspects related to the EDT (Early Data Transmission), especially focusing on PRACH partitioning scheme for EDT indication and RAR for Msg.3.
2. Discussion
2.1. Indication of EDT by UE
We discuss several potential methods for the indication of EDT by Msg1 as follows.

1) PRACH time/frequency resource

PRACH resources can be segmented to differentiate EDT case and normal case. If PRACH resources for EDT are defined in addition to the legacy PRACH resources, eNB’s UL scheduling for the legacy UEs should be restricted to avoid the newly defined PRACH resources.
2) PRACH sequences
While using same time/frequency resources configured for legacy PRACH, PRACH for EDT can be identified by separate set of PRACH sequences than PRACH sequences for normal purposes. Since PRACH sequence set for legacy MTC UEs can be already configurable, this approach may not affect legacy UE’s random access performance as long as the PRACH sequence sets in a cell are be divided reasonably. 
Considering the pros and cons discussed above, we prefer PRACH sequence separation for its simplicity. On top of that, considering a potential issue in [2] that there could be a relatively large amount of padding in Msg.3 if eNB is not aware of the size of data in UE’s UL buffer for EDT, Msg.1 resource partitioning can be used to indicate the intended data size and/or its data type as well. According to [2], RAN2 is taking a look at it, but several aspects such as effective power saving, resource utilization between multiusers and so forth which are in RAN1’s area of expertise have to be taken into account when it comes to Msg.1 resource partitioning.

Proposal 1: PRACH resources for EDT are separated by PRACH sequences from the normal PRACH sequences in MTC.
· Data size stored in uplink buffer and/or its data type(i.e., CP or UP) can be signalled via Msg.1 resource e.g., RA-RNTI and RAPID

2.2. Other aspects
According to the current specification, reserved states in RAR may or may not be sufficient depending on RAN2 decision on required number of TBSs for EDT on Msg.3. If the required number of TBSs cannot be expressed just by taking unused states in UL grant in MAC RAR, a new way of UL grant interpretation may need to be considered or UL grant may have to be modified by RAN1 and/or RAN2.
Proposal 2: For larger TBS scheduling, UL grant design will be downselected between the following alternatives, where Alt.1 is preferred if it provides enough flexibility in terms of TBS scheduling for EDT

· (Alt.1) UE can reinterpret UL grant in RAR when corresponding RAPID is for EDT request

· Reserved states and/or bit(s) in UL grant can be additional used for large TBS scheduling

· (Alt.2) A format and/or size of UL grant in MAC RAR for EDT can be different than that of the current UL grant in MAC RAR

· UL grant part in RAR can be redefined
· (Alt.3) A combination of Alt.1 and Alt.2 if 1 reserved bit in MAC RAR is additionally used for EDT response

· When the reserved bit in MAC RAR is ‘0’, Alt.1. Otherwise, Alt.2.
Even if eNB configures EDT-dedicated PRACH resources, there can be certain conditions where UE is not allowed to request EDT via Msg.1. For instance, if eNB and/or UE can predict that EDT is less likely to be correctly decoded based on the RSRP measurement, then it can be better for UE not to transmit uplink data with inaccurate link quality and/or uplink buffer state information. In addition, if UE experienced random access procedure failure or UE’s EDT request has been rejected, it could be desirable not to allow UE to request EDT.
Proposal 3: Following aspects need to be discussed as EDT request condition

· CE mode/ RSRP is higher/lower than a certain value

· When UE has found a problem during random access procedure

3. Conclusion
In this contribution, we discussed RAN1 aspects related to the EDT, especially focusing on the indication of EDT by UE. Proposals in this contribution are summarized as follows.
Proposal 1: PRACH resources for EDT are separated by PRACH sequences from the normal PRACH sequences in MTC.
· Data size stored in uplink buffer and/or its data type(i.e., CP or UP) can be signalled via Msg.1 resource e.g., RA-RNTI and RAPID

Proposal 2: For larger TBS scheduling, UL grant design will be downselected between the following alternatives, where Alt.1 is preferred if it provides enough flexibility in terms of TBS scheduling for EDT

· (Alt.1) UE can reinterpret UL grant in RAR when corresponding RAPID is for EDT request

· Reserved states and/or bit(s) in UL grant can be additional used for large TBS scheduling

· (Alt.2) A format and/or size of UL grant in MAC RAR for EDT can be different than that of the current UL grant in MAC RAR

· UL grant part in RAR can be redefined
· (Alt.3) A combination of Alt.1 and Alt.2 if 1 reserved bit in MAC RAR is additionally used for EDT response

· When the reserved bit in MAC RAR is ‘0’, Alt.1. Otherwise, Alt.2.
Proposal 3: Following aspects need to be discussed as EDT request condition

· CE mode/ RSRP is higher/lower than a certain value

· When UE has found a problem during random access procedure

4. Reference

[1] RP-170732, “New WID on Even further enhanced MTC for LTE”, Ericsson, Qualcomm
[2] Email discussion of “[100#38] [eMTC / NB-IoT] Padding issue in Msg3 (Ericsson)”
