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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.


The agreements and working assumptions which are relevant to topics dealt with in this document are listed below, and some remarkable bullets are highlighted in blue.
	Agreements from RAN2#99bis
· 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.

Agreements from RAN2#100:
· PRACH partitioning for EDT indication is configured per enhanced coverage level.

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

· 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.
Agreements from RAN2#101:
· Same RAR format is used for EDT UEs.

· For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.

Agreements from RAN2#101bis:
· For eMTC, it should be possible for the network to configure both ‘separate PRACH resources, i.e. time and frequency, per CE level for EDT and non-EDT’ and/or ‘separate preambles within a RACH resource for EDT and non-EDT’.

· For NB-IoT and eMTC, it should be possible not to configure PRACH resources for EDT for some of the CE levels/NPRACH repetition levels.

Agreements from RAN1#92:
· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH tables.

· Support NW enabling the use of TBS smaller than the maximum configured. FFS details.

Agreements from RAN1#92bis:
· The use of TBS smaller than the maximum configured is configured per CE level in SIB.

· Per cell, in the below, Ti < Ti+1, eNB can configure that the UE chooses from:

· When there are 4 permitted actual transmitted TBS {T1, T2, T3, T4}

· T2 or T4

· T1, or T2, or T3, or T4

· When there are 3 permitted actual transmitted TBS {T1, T2, T3}

· T2 or T3

· T1 or T2 or T3

· When there are 2 permitted actual transmitted TBS {T1, T2}

· T1 or T2

· The possible smaller TBS values are predefined from the configured maximum TBS and the configured maximum number of blind decodes.

· For EDT scheduled by RAR grant, 
· For CE Mode A, 2–6 PRBs are supported with 4 bits resource allocation field.

· Whether to support 1 PRB can be reconsidered if there is an available spare bit to expand resource allocation field.

· For CE Mode B, 1-2 PRBs are supported with at least 3 bits resource allocation field.

· Resource allocation may or may not be modified, picking at least 8 resource allocations.

· Whether to expand resource allocation can be reconsidered if there is an available spare bit to expand resource allocation field.

· Use the ‘R’ bit in RAR to differentiate EDT and non-EDT.


In this paper, we discuss RAN1 aspects related to the EDT(Early uplink Data Transmission), especially focusing on the details of EDT procedure and resource configurations for Msg.1 and Msg.3.
2. Discussion
Based on the agreements and working assumptions made by RAN2 and RAN1 in the previous meetings, noteworthy points from RAN1 point of view can be summarized as follows.
As for PRACH resources for EDT request

· PRACH partitioning is used to indicate UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved
· For eMTC, it should be possible for the network to configure both ‘separate PRACH resources, i.e. time and frequency, per CE level for EDT and non-EDT’ and/or ‘separate preambles within a RACH resource for EDT and non-EDT’
In order to preserve backward compatibility, Msg.1 resources for EDT request should be separate from Msg.1 resource pool for CBRA (Contention-based Random Access) and should have no potential issue that it can collide with PUSCH resources from legacy UEs. According to the current specification, PRACH preamble IDs can be segmented into two such as ones reserved for CBRA and ones reserved for CFRA (Contention-free Random Access). The dedicated preambles in CFRA resource are only controlled by an eNB and UEs cannot select those preambles themselves without PDCCH order by the eNB. This literally means that there is no backward compatibility issue because legacy UEs would not select those dedicated preambles for CFRA and the eNB knows which dedicated preambles are reserved for EDT indication and selects a dedicated preamble for CFRA except for reserved dedicated preambles for EDT indication. In addition, even when preambles for EDT request are configured separately from the preambles for Non-EDT, RAPIDs of Msg.1 for EDT request should not overlap with those of Msg.1 for Non-EDT so that misinterpretation of Msg.2 between UEs who transmitted Msg.1 for EDT and Non-EDT due to collision of RAPIDs between EDT and Non-EDT can be avoided. On top of that, it is preferred to keep the similar design principle with NB-IoT for its simplicity [2].
Proposal 1: When a network configures separate preambles for EDT request within a PRACH resource of non-EDT, RAPIDs of Msg.1 for EDT request should not overlap with RAPIDs of legacy Msg.1 for contention-based random access.

· Details of RAPID configuration is up to RAN2
As for procedures of EDT and conditions e.g., enabling and disabling EDT Msg.3 
Even when EDT-dedicated PRACH resources are configured, eNB may want UEs in certain conditions not to request EDT. For instance, if eNB and/or UE can predict that EDT Msg.3 is less likely to be correctly decoded based on the RSRP measurement, then it would be better for UE to take the normal random access procedure rather than just transmitting uplink data in Msg.3 with inaccurate link quality and/or uplink buffer state information. Hence, another RSRP threshold can be used for the criteria of EDT request can be configured not to allow UE to request EDT. For example, when there is only one CE level in a cell and the measured RSRP value is lower than the configured RSRP threshold for EDT request, UE can be only allowed to transmit normal Msg.1 in CBRA resources instead of transmitting Msg.1 for EDT request.
Proposal 2: eNB can configure a RSRP threshold value which is used for UE’s EDT request criteria.

· A threshold value used for the criteria of EDT request can be different from RSRP threshold used for CE level selection

· When a measured RSRP value is lower than a configured threshold by eNB, UE is not allowed to request EDT

· The details of RSRP threshold configuration is up to RAN2
As for EDT Msg.3 resource configuration
Another issue which needs to be taken into account is to cope with the amount of resources which can be end up being wasted when the physical resource corresponding to the TBS chosen by UE of all TBSs is smaller than the physical resource reserved by eNB. Because at least part of uplink resources which overlaps with a certain amount of time which eNB takes to blindly detect the actual TBS used for Msg.3 cannot be allocated to other UEs. Hence, RAN1 needs to come up with a solution which can reserve this issue from the perspective of e.g., resource allocation, UL grant design, and so forth.

Figure 1 shows resource allocation method for EDT Msg.3 in order to reduce the amount of potentially unused uplink resources. eNB can configure gap periods in the time domain between EDT Msg.3 resources for different TBSs. Then eNB can schedule uplink resources to other UEs before the completion of EDT Msg.3 blind decoding while avoiding uplink resource collision between EDT and Non-EDT UEs. And when eNB successfully decodes EDT Msg.3 which is smaller than the configured maximum EDT TBS in the corresponding CE level, the following uplink resources reserved for larger TBS of EDT Msg.3 can be rescheduled to other UEs. In order to efficiently use uplink resources in this way, the gap period between EDT Msg.3 resources for different TBSs needs to be long enough to accommodate eNB’s processing time for Msg.3 blind detection, eNB’s UL grant generation time for other Non-EDT UEs, and UE’s processing time for UL grant decoding and the corresponding uplink channel/signal generation.
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Figure 1 Resource allocations method of EDT Msg.3 for efficient resource utilization
Proposal 3: When UE is allowed to choose smaller TBS than the configured maximum TBS for Msg.3, eNB can configured gap period(s) in the time domain between PUSCH resources for different TBSs so that eNB can schedule uplink transmissions for other UEs in case the actual TBS is smaller than the configured maximum one.

· The exact value(s) of gap period is determined by RAN4, and it should be long enough to accommodate eNB’s processing time for Msg.3 blind detection, eNB’s UL grant generation time for other Non-EDT UEs, and UE’s processing time for UL grant decoding and the corresponding uplink channel/signal generation

3. Conclusion
In this contribution, we discussed the details of EDT procedure and resource configurations for Msg.1 and Msg.3. Proposals in this contribution are summarized as follows.
Proposal 1: When a network configures separate preambles for EDT request within a PRACH resource of non-EDT, RAPIDs of Msg.1 for EDT request should not overlap with RAPIDs of legacy Msg.1 for contention-based random access.

· Details of RAPID configuration is up to RAN2
Proposal 2: eNB can configure a RSRP threshold value which is used for UE’s EDT request criteria.

· A threshold value used for the criteria of EDT request can be different from RSRP threshold used for CE level selection

· When a measured RSRP value is lower than a configured threshold by eNB, UE is not allowed to request EDT

· The details of RSRP threshold configuration is up to RAN2
Proposal 3: When UE is allowed to choose smaller TBS than the configured maximum TBS for Msg.3, eNB can configured gap period(s) in the time domain between PUSCH resources for different TBSs so that eNB can schedule uplink transmissions for other UEs in case the actual TBS is smaller than the configured maximum one.

· The exact value(s) of gap period is determined by RAN4, and it should be long enough to accommodate eNB’s processing time for Msg.3 blind detection, eNB’s UL grant generation time for other Non-EDT UEs, and UE’s processing time for UL grant decoding and the corresponding uplink channel/signal generation
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