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

· The up to 4 possible TBS which is smaller than or equal to the maximum broadcast TBS values for the UE to choose among are FFS. FFS: How the UE obtains the up to 4 possible values.
· Support NW enabling the use of TBS smaller than the maximum configured. FFS details.
Agreement in RAN1#92Bis
· 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.

· The 8 maximum TBS values in CE mode A (i.e. PRACH levels 0 and 1) are {328 408 504 600 712 808 936 1000}.

· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 

· The 8 maximum TBS values in CE mode B (i.e. PRACH levels 2 and 3) are {328 408 456 504 600 712 808 936}.

· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 

· For each of the 8 maximum TBS values

· The number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy PUSCH repetition numbers (FFS how) 

· For EDT Msg. 3 transmission, 16QAM modulation is not supported.
· 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.
Email agreement on exact table
Table 1: Exact TBS table on EDT, CEModeA
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Table 2: Exact TBS table on EDT, CEModeB
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· Use the ‘R’ bit in RAR to differentiate EDT and non-EDT. 


In LS R2-1803884, RAN2 provided the reply on the question pointed out in LS R1-1721225.
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.
Agreements in RAN2#101:
· Protocol overhead (MAC/RLC/PDCP/RRC) for EDT is assumed to be 25 bytes for TBS evaluations.

· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.

· If new UL grant format is defined, it does not need to be backwards compatible.

· Same RAR format is used for EDT UEs.
· The EDT UL grant shall always allow (check, equal or allow more bits) the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.

· The EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions, and RUs (for NB-IoT) from a set of TB sizes provided based on the UL data. It is FFS how the set of possible TB sizes, MCS, repetitions, and RUs (for NB-IoT) is provided, e.g. hardcoded in the specs. This is pending RAN1 confirmation.

· RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed.

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

· - Send an LS reply to RAN1 capturing the agreements above including the agreement on the maximum and minimum possible TB sizes and ask RAN1 for confirmation.
Agreements in 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.


3 Summary of discussion points
3.1 UL grant fields

3.1.1 Number of allocated PRBs in RAR grant
For EDT resource allocation, views from companies are summarized in Table 1 and Table 2.
Table 1 EDT RA in CEModeA

	Company
	Bits
	Description

	Huawei, Intel, Samsung
	4
	Support 2 RBs ~6RBs 

	Ericsson, Nokia, ZTE
	5
	Support 1 RBs ~6RBs 


Table 2 EDT RA in CEModeB

	Company
	Bits
	Description

	Huawei, Ericsson, Samsung, Intel
	3
	Legacy resource allocation

	Nokia
	4
	Fully cover 1-2 PRBs (11 states)


Proposal 1: For CEModeA, further discussion on the resource allocation in RAR UL grant for EDT. 
Proposal 2: For CEModeB, reuse Rel-13 legacy resource allocation in RAR UL grant for EDT.
3.1.2 Actual repetition number
For EDT, the actual repetition number depends on the UE selected TBS. Huawei, Qualcomm and Sony propose supporting predefined scaling factor for each possible TBS. Qualcomm provides the evaluation results for deriving the scaling factor. Huawei and Qualcomm propose the factor is 0.5 or 1. Sony proposes the factor is 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, or 1.0 depending on the maximum TBS and the related smaller TBS.
Ericsson, Nokia and Intel points out that the repetition number should be down scaled proportionally based on the configured repetition number in DCI. Ericsson proposes the actual repetition number is scaled down proportionally to the nearest legacy number. Nokia proposes that the actual repetition number is scaled down directly or scaled down proportionally to the nearest improved repetition number with new number introduced. Intel points out that the actual repetition number is scaled down proportionally to the nearest improved repetition number with new number introduced. Samsung proposes that the actual repetition number is scaled down proportionally to the nearest value which meets a multiple of 4.
ZTE prefers signalling the scaling factor via RRC signalling.
Proposal 3: Down selection from the following options:

Option 1: Predefined scaling factor with 0.5 and 1.
Option 2a: Scaled down proportionally to the nearest legacy repetition number.
Option 2b: Scaled down proportionally to the nearest repetition number (with new number introduced).
Option 2c: Scaled down proportionally to the nearest integer meeting a multiple of 4.
3.1.3 Reinterpretation of UL grant

As dedicated TBS via MCS/TBS field in UL grant of RAR is not needed for EDT, the MCS/TBS field shall be freed. Huawei and Ericsson propose supporting more flexible resource allocation with added bit from free MCS/TBS field in EDT. Huawei propose 
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 bits indicate the Msg3/4 MPDCCH narrowband index in CEModeA, and 3 bits indicate the Msg3/4 MPDCCH narrowband index while 3 bits indicate the Msg3 PUSCH narrowband index in CEModeB. Ericsson prefers increasing the MPDCCH narrowband index field from 2 bits to 4 bits in CEModeA, and increase the PUSCH narrowband index field from 2 bits to 4 bits, (or, alternatively, increase the PUSCH narrowband index field with 1 bit and the MPDCCH narrowband index field with 1 bit) in CEModeB.
Proposal 4: For UL grant in MAC RAR scheduling EDT:

In CEModeA, 
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 bits for Msg3/4 MPDCCH narrowband index in CEModeA. 

In CEModeB, 3 bits for Msg3/4 MPDCCH narrowband index, and 3 bits for Msg3 PUSCH narrowband index.
3.1.4 Fallback to legacy Msg3
For EDT fallback to legacy Msg3, Huawei, Nokia and Ericsson propose supporting fallback via DCI formats 6-0A and 6-0B.
Proposal 5: DCI for Msg3 re-transmission can instruct UE to transmit legacy Msg3 instead of EDT Msg3, in CEMode A and B.
3.1.5 EDT retransmission TBS 

For retransmission TBS, Huawei points out that the initial TBS or the maximum TBS to reduce the eNB blind detection complexity can be used in retransmission. Nokia points out that eNB can indicate whether it will continue blind decoding attempts or indicate a TBS value in the retransmission DCI. Ericsson, Samsung, Qualcomm and ZTE prefer that the initial TBS is adopted in retransmission.
Proposal 6: Narrow down from the following options:

Option 1: DCI indicates a TBS value and corresponding repetition number which are used by UE to obtain scaled repetition number for actual TBS or directly indicate using actual TBS assuming repetition number indicated in the DCI;
Option 2: EDT Msg3 retransmission uses the same TBS as the initial transmission assuming repetition number indicated in the DCI for configured maximum TBS;
3.2 Maximum number of HARQ retransmission for EDT Msg3
Huawei proposes the maximum number of HARQ transmissions for EDT should be the same as that for normal UL transmissions, and that the maximum number of HARQ transmissions for EDT Msg3 as a {1, 2, 4} multiple of the non-EDT Msg3 value.
Proposal 7: The maximum number of HARQ transmissions for EDT Msg3 as a {1, 2, 4} multiple of the non-EDT Msg3 value
3.3 Support of sub-PRB PUSCH for EDT Msg3
There is discussion on whether to support sub-PRB PUSCH for EDT Msg3. Huawei and Sony support sub-PRB PUSCH for EDT Msg3. Samsung, E///, DCM, QC and Intel don’t 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 8: Further discussion is needed

3.4 Physical channel timing relationships

Ericsson and Nokia propose that the timing relationships should be based on the number of Msg3 PUSCH repetitions indicated in RAR (rather than the actually transmitted number of repetitions, which may be unknown to eNB).
Proposal 9: The timing relationships is based on the number of Msg3 PUSCH repetitions indicated in RAR
3.5 PUSCH search space with multiple starting times
In order to reduce contention collision, Sony points out multiple transmission times in the PUSCH search space are supported for EDT transmission.
Proposal 10: The PUSCH search space for Msg3 + EDT can support more than one PUSCH candidate per TBS, and UE can randomly select a transmission time for selected TBS with multiple transmission times.
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