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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.


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.


3 Summary of discussion points
3.1 UL grant fields

3.1.1 Number of allocated PRBs in RAR grant
For EDT, several companies (Huawei, ZTE, Nokia, Qualcomm) point out that one PRB is not sufficient for EDT in CE Mode A given the possible TBS range from 328 to 1000 bits. Huawei, Nokia and ZTE point out that as the TBS used in Msg3 EDT is larger than legacy Msg3, more PUSCH resources is needed. Qualcomm proposes more RVs are used for supporting larger TBS. Nokia proposes more repetitions are used for supporting larger TBS
Proposal 1: For EDT scheduled by RAR grant, 2–6 PRBs are supported with 4 bits resource allocation field.
3.1.2 Maximum TBS

From the agreement achieved in RAN2# 101, the minimum possible TB size is assumed to be around 320 bits based on the values in PUSCH tables. Many companies provide the view on the design of 8 maximum TBS. Almost all the interested companies (Huawei,Ericsson,Nokia,ZTE,Qualcomm,Sierra) have the same view on the minimum TBS, i.e. 328 bits. With respect to the specific maximum TBS range, companies have different views: 

Huawei: {328, 424, 536, 616, 712, 808, 904, 1000} for Mode A; {328, 408, 504, 584, 680, 776, 840, 936} for Mode B;

Ericsson: {328, 392, 504, 600, 712, 808, 936, 1000}

Nokia: {328, 408, 504, 600, 712, 808, 936, 1000}

ZTE: {328, 408, 504, 600, 712, 808, 936, 1000} for ModeA; {328, 408, 488, 584, 680, 776, 840, 936} for Mode B
Qualcomm:{328, 408, 504, 600, 696, 808, 936, 1000}

Sierra Wireless: {328 408 504 600 712 808 936 1000A/936B}
Proposal 2:
· The 8 maximum TBS values in CE mode A (i.e. PRACH levels 0 and 1) are {1000, X, X, X, X, X, X, 328}.
· Only values of NPRB and values of TBS in legacy Rel-13 NPUSCH table can be used for EDT 
· The 8 maximum TBS values in CE mode B (i.e. PRACH levels 2 and 3) are {936, X, X, X, X, X, X, 328}.

· Only values of NPRB and values of TBS in legacy Rel-13 NPUSCH 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) 
· Potential new numbers of repetitions may include multiple of 4 or 8

3.1.3 UE’s TBS selection and eNB control of blind detection
Huawei and Samsung propose the NW enables the use of TBS smaller than or equal to the maximum configured TBS per CE level. Nokia, Sierra Wireless, and ZTE propose enabling/disabling TBS selection via SIB. LGE proposes that eNB can enable the use of TBSs smaller than the configured maximum TBS for EDT Msg3 per-UE via corresponding UL grant. 
Ericsson and Huawei propose configuring the blind detection number in SIB. Nokia proposes a resource usage indicator channel or signal is used to indicate the UE selected TBS. Samsung proposes that the number of (up to 4) possible smaller than or equal to the configured maximum TBS is predefined with respect to the maximum TBS.
It is proposed to re-use the NB-IoT agreements on these aspects:

Proposal 3:

· 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
3.1.4 Up to 4 possible TBS

With respect to the up to 4 possible TBS which are smaller than or equal to the maximum broadcast TBS values for the UE to choose among, Ericsson and Huawei propose deriving the up to 4 possible TBS via maximum TBS, the specified TBS table and configured PRB number. Some companies (Nokia, Intel, Sony, ZTE, Qualcomm, Sierra Wireless, and Sharp) propose that the up to 4 possible TBS corresponding to each of the configured maximum TBS is predefined.

Proposal 4: The possible smaller TBS values are predefined from the configured maximum TBS, the configured maximum number of blind decodes, and the allocated number of PRBs.
3.1.5 Intepretation of UL grant

RAN2 confirmed that the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary. Several companies (Nokia, Samsung, Intel, ZTE, Huawei) state the ‘R’ bit in RAR can be used to indicate EDT vs. non-EDT grants. Ericsson and LGE propose the MCS/TBS state used as the indicator for EDT transmission.

Proposal 5: Decide whether it is necessary to use the ‘R’ bit in RAR to differentiate EDT and non-EDT. If it is not necessary, use an MCS/TBS state as the differentiator. 
3.2 Support of sub-PRB PUSCH for EDT Msg3
There is discussion on whether to support sub-PRB PUSCH for EDT Msg3. Huawei, Nokia, Sierra Wireless and Sharp support sub-PRB PUSCH for EDT Msg3. Ericsson, Samsung 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 6: Solutions for sub-PRB EDT Msg3 can be further discussed including:

· eNB send dual schedule and perform two decodes
· 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
· Further PRACH partitioning to indicate UE support for sub-PRB PUSCH
4 Conclusion
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CE mode A PUSCH TBS table
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112


CE mode B PUSCH TBS table
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	16
	32
	56
	88
	120
	152
	176
	208
	224
	256
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	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
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	328
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	3
	40
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	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736
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