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1 WID objective

	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.


2 Background
RAN1 have made agreements as follows on EDT:
	Agreements in RAN1#90bis
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits.

· Note: For Msg3 for Rel-13 BL/CE UEs, the maximum total TBS is 712 bits in CE mode A and 328 bits in CE mode B.

· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)

· 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 corresponding to Rel-13 Msg3 TBS instead.

Agreements in RAN1#91
· 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 LS R1-1721225, RAN1 asked RAN2 the following questions upon which we await answers:
1. To inform RAN1 how many TBS values are needed for early data transmission for each of NB-IoT and eMTC.

2. To provide feedback on the above mentioned alternatives for the number of MCS/TBS/RU states for NB-IoT.

3. To inform RAN1 whether one reserved bit in MAC RAR can be used for the EDT feature for eMTC.
RAN2 are leading this WI objective, and have made agreements including the following:

	Agreements in RAN2#99bis:
· 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.

· 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.
· 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 in RAN2#100:
· 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.


RAN2 have sent an LS during RAN1#92 with further agreements in R1-1803360.

3 Summary of discussion points
3.1 RAR size

To allow easy co-scheduling of RARs for Rel-15 EDT, Rel-15 non-EDT, and legacy, several companies point out that RAR size should not be changed, otherwise there are several MAC spec impacts, and UE tasks in identifying RAR boundaries reliably.

Proposal 1: For EDT and non-EDT RACH, RAN1 will not cause changes in the RAR size.

Proposal 2: For EDT and non-EDT RACH, the UL grant size in RAR is the same as legacy.

3.2 UL grant fields

Several companies state the ‘R’ bit in RAR can be used to indicate EDT vs. non-EDT grants, however RAN1 is waiting for RAN2’s confirmation on the availability . In CE mode A, two companies point out that the CSI request field is not needed in EDT RAR. However, there are no spare bits in CE mode B’s UL grant. 

Proposal 3: If RAN2 confirms the reserved ‘R’ bit in RAR can be used, it is used to indicate EDT vs. non-EDT in CE mode A and CE mode B. 
Observation 1: The CSI request field in UL grant in CE mode A is potentially available for re-purposing in EDT UL grants.
3.2.1 MCS/TBS

The exact or max/min TBS values that RAN2 will request for EDT are presently unknown. Since we have sent them an LS, RAN1 should wait to see if RAN2 can make progress on this during the meeting week. However, companies agree that the UL grant definitions will be different for EDT and non-EDT (where non-EDT includes a request for EDT that is denied by eNB). A few companies think that rows of the conventional Rel-13 BL/CE PUSCH TBS table can be used in CE mode A, as the achievable granularity with the existing 3-bits allowing 8 rows is sufficient. There are a number of proposals on what to do for the CE mode B table since the extension of  maximum TBS is larger whilst the existing TBS states are fewer than CE mode A.

Some companies point out that the code rate of 936 bits Msg3 in CE mode B according to current resource allocation options will be high, and propose means to reduce it. These include allowing more PRBs to be allocated in CE mode B, and defining more RVs in CE mode B.

Proposal 4: The 8 possible candidates for the maximum TBS broadcasted in system information are taken from the Rel-13 PUSCH tables for CE mode A / B respectively.
Proposal 5: The 4 possible TBS for the UE to choose among are FFS.
Proposal 4: The TBS table(s) for EDT Msg3 in CE mode A will be designed by selecting 8 rows from the CE mode A Rel-13 PUSCH ITBS table, with truncation of TBS values to 1000 bits if necessary. FFS which rows.

Proposal 5: The TBS table(s) for EDT Msg3 in CE mode B will be designed by selecting rows from the CE mode B Rel-13 PUSCH I​TBS table, with truncation of TBS values to 936 bits if necessary. FFS how many rows, and which rows.
Observation 2: RAN1 should discuss the code rate of Msg3 EDT in CE mode B.

3.3 PRACH partitioning
RAN2 have agreed to partition PRACH resources for indication of an EDT request. These details are identified in the RAN2 agreements as FFS in RAN2.

Proposal 6: RAN1 confirms that time, frequency, and preamble domains are suitable from the RAN1 point-of-view for the purpose of PRACH partitioning for EDT.

Proposal 7: RAN1 does not further discuss details of PRACH partitioning for EDT unless requested to by RAN2.
3.4 EDT procedures

Some contributions suggest that there may be cases when EDT is configured, but should not be used, e.g. in low RSRP or CE mode B. It needs to be understood why it assumed the eNB has not simply avoided configuring EDT in the first place in such conditions. There are proposals to discuss what should happen if the EDT request is rejected, or if Msg3 transmission fails, etc. These are RACH procedure details not expressed in RAN1 specifications. They should be handled by RAN2 in the first instance.

Proposal 8: RAN1 to discuss if there is any specification work needed to handle PHY conditions under which EDT is considered unsuitable, even though it is configured by eNB. RAN1 does not discuss other details of EDT procedures unless requested to by RAN2.
3.5 Early data in Msg2 and Msg4

RAN2 have agreed to support early DL data in Msg4. No contribution proposes a RAN1 impact from this.

The possibility of sending early DL data in Msg2 in case of PDCCH order is stated, since then the UE identity is known. There would be numerous higher-layer procedures and impacts for this, and RAN2 discussed the proposal in RAN2#99 but did not agree to it.

Proposal 9: RAN1 assumes there is no physical layer impact for early data in Msg4.

Proposal 10: Whether to initiate work on early DL data in Msg2 is up to RAN2.

3.6 Padding

The RAN2 email discussion [100#38] has discussed solutions to the issue of padding in EDT Msg3 which include some based on blind decoding at eNB over more than one potential UE transmission format. It is for RAN2 to decide if this is the way we go, but there are some matters within RAN1’s expertise:

Proposal 11: RAN1 to consider at least the following for eNB blind decoding of UE transmission format of EDT Msg3:

· UE power consumption in the whole procedure, accounting for eNB decoding failures

· Physical resources needed for initial transmission and re-transmissions of Msg3
· eNB complexity requirements

3.7 Support of sub-PRB PUSCH for EDT Msg3
There is discussion of whether to support sub-PRB PUSCH for EDT Msg3. The trade-off is between higher spectral efficiency and connection density for EDT if it is supported vs. the specification work and concerns on solutions (e.g. capacity implication of further PRACH partitioning, eNB blind decoding of PRB vs. sub-PRB PUSCH transmission, etc).
Proposal 12: Further PRACH partitioning to indicate UE support for sub-PRB PUSCH alone is not considered further. Other solutions can be further discussed including:

· Making sub-PRB capability conditional mandatory on EDT support.

· One UL grant in RAR can be used for either sub-PRB or PRB-level EDT Msg3.

4 Conclusion
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