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1 Introduction

The following agreements on early data transmission have been made in RAN1:
Agreement 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.

Agreement 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.
Until RAN2#100, the agreements achieved on EDT includes,

Agreements in 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.

· 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.
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 address 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 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.
This contribution further discusses some RAN1 aspects of early data transmission. These aspects are also explained in more details in [1].
2 Physical-layer aspects of early data transmission
2.1 EDT flag in RAR
To give eNB full scheduling flexibility, it is preferred to support eNB enabling/disabling early data transmission (EDT) on a dynamic basis after UE has reported the capability/intention of EDT. This allows eNB to enable some or all of the EDT capable UEs based on the network load.
The best way of supporting eNodeB enabling/disabling EDT is per UE in MAC RAR. Thus, one flag in MAC RAR is required to enabling/disabling EDT per UE.
For legacy Msg3, eNodeB configures a single TBS value via UL grant in MAC RAR. As agreed, EDT UE shall adopt the broadcasted maximum TBS in system information or can be permitted to use one of up to 4 possible TBS which are smaller than or equal to the maximum broadcast TBS value. Therefore, there are different interpretations for UL grant in MAC RAR between legacy Msg3 and EDT Msg3. Thus, a flag is also required to distinguish UL grant interpretation for EDT capable UE. If the flag to use EDT is set, the UE will interpret the UL grant according to the EDT procedures; otherwise according to legacy procedures. 
Proposal 1: A flag in MAC RAR is used to indicate whether EDT has been granted or not and hence how the RAR is interpreted.
2.2 EDT resource allocation

For CE Mode A, there are 4 bits of “Msg3 PUSCH resource allocation” in the RAR for UL resource allocation type 0 within the allocated narrowband (assuming an MSB of 0 in the 5-bit RIV). As a consequence, the RIV takes values of 0~15, and the NPRB can be 1, 2, 3, or 6, as shown in Figure 1.
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Figure 1 RIV values for UL RA type 0

For CE Mode B, there are 3 bits of “Msg3 PUSCH resource allocation” in the RAR for UL resource allocation type 2 within the allocated narrowband. As a consequence, the NPRB can be 1 or 2, as shown in Table 1.

Table 1

	Value of resource allocation field 
	Allocated resource blocks 

	‘000’
	0

	‘001’
	1

	‘010’
	2

	‘011’
	3

	‘100’
	4

	‘101’
	5

	‘110’
	0 and 1

	‘111’
	2 and 3


From table 2 and 3, it can be observed that allocating a single PRB cannot be (for Mode A) or is rarely (for Mode B) configured for a large TBS such as will often be the case for EDT since the minimum needed TBS is around 320 bits.
In the existing specification, 6 PRB should be allocated to support large TBS. However, if eNB could have more ways to allocate 4 PRBs when the TBS is in the EDT range, , the network capacity and spectrum efficiency can be improved which is particularly useful in Mode A. 

For Mode B, if supporting more of the 2 states indicating 2 PRBs, it could improve eNodeB scheduling flexibility.

From Figure 1, there are 6 states allocated for 1 PRB which can be freed for indicating 4 PRBs and 5PRBs in CE mode A. From Table 1, several states can be re-purposed to indicate 2 PRBs in CE mode B.
With above solutions, the network capacity and spectrum efficiency can be improved in Mode A, and eNB scheduling flexibility can be improved in Mode B. This is done without transmitting additional information bits. 
Proposal 2: For the EDT resource allocation:
· Support 4 PRBs and 5PRBs by using the 6 states currently used to allocate 1 PRB in CE mode A;
· Support more than 2 states indicating 2 PRBs in CE mode B.8 maximum TBS broadcasted in system information.
From the agreements [2] in RAN2#101, the minimum TBS supporting EDT is about 320 bits, and maximum TBS supporting EDT are 1000 bits and 936 bits for Mode A and Mode B respectively. The best option of 8 maximum TBS should reduce the padding bits as much as possible for each possible TBS in the range of 320 to 936/1000 bits, particularly when the blind decoding option is disabled by eNB. Approximately uniformspacing between successive maximum TBS is preferred. 
Note that the sets of 8 maximum TBS are expected to be different between eMTC and NB-IoT since the UL TBS tables are different.

2.2.1 CE Mode B

In the existing specification, only QPSK and 
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 are supported for PUSCH in CE Mode B with the following description.
· A BL/CE UE configured with CEModeB is not expected to receive a DCI format 6-0B indicating 
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The supported RB allocations for PUSCH for Msg3 in CEMode B are 1 or 2 with uplink resource allocation type 2. It is specified in section 8.6.2 of TS 36.213 that “For a BL/CE UE configured with CEModeB, the TBS is determined according to the procedure in subclause 7.1.7.2.1 for 
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, and 
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=6 when resource allocation field is ‘110’ or ‘111’ otherwise
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= 3”. Thus the corresponding NPRB column can be 3 or 6 while determining the TBS. The supported TBS values for EDT in Mode B are highlighted with red colour in table 2.
Table 2
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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

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480

	26A
	632
	1288
	1928
	2600
	3240
	3880
	4584
	5160
	5992
	6456


Reorder those red TBS values and select 8 TBS values approximately uniformly spaced. The selected 8 maximum TBS values are {328,408,504,584,680,776,808,936} or {328,408,504,584,680,776,872,936}. Considering the neighbor spaces of {776,808,936} or {776,872,936} are quite different, replacing 808 or 872 with 840 is proposed.

Proposal 3: 
The 8 maximum TBS values in CE mode B are {328,408,504,584,680,776,840,936}.
Although there are three entries of 840 bits in the column of 
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 in different corresponding MCS rows of table 2, only QPSK is supported for PUSCH in CEMode B, so no ambiguity on modulation order exists.
2.2.2 CE Mode A

QPSK or 16QAM and 
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 are supported for PUSCH in CE Mode A. The supported number of RBs for PUSCH for Msg3 in CE Mode A is 1, 2, 3, or 6 with uplink resource allocation type 0.
The supportable TBS values for EDT in Mode A are highlighted with red colour in Table 3.
Table 3
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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

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584


Reorder those red TBS values and select 8 TBS values approximate uniformly-spaced. The selected 8 maximum TBS values are {328,424,536,616,712,808,904,1000}.

Proposal 4: 
The 8 maximum TBS values in CE mode A are {328,424,536,616,712,808,904,1000}.

Assuming that 
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 is removed, and the 6 states are re-purposed to indicate 
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, then for EDT Msg3, the supported numbers of PRBs are 2, 3, 4, 5, and 6. eNB allocates the number of PRBs based on the TBS Table 7.1.7.2.1-1 in TS36.213. The modulation order is determined by:
· Find the TBS index based on the broadcasted maximum TBS and allocated number of PRBs in the TBS Table 7.1.7.2.1-1 in TS36.213;

· Find the modulation order based on the TBS index in the MCS vs modulation Table 8.6.1-1 in TS36.213.
Proposal 5: In CE mode A, IMCS is determined from the ITBS corresponding to the broadcast maximum TBS and allocated number of RBs.
2.3 Up to 4 possible TBS

For deriving the up to 4 possible TBS with respect to the broadcasted maximum TBS, one way is deriving the up to 4 possible TBS in the TBS table column corresponding to eNodeB configured PRB number. For example, if the broadcasted maximum TBS is 904 and the eNodeB configured PRB number is 4, with this method, the derived up to 4 possible TBS are {904,776,680,616}; if the broadcasted maximum TBS is 424 and the eNodeB configured PRB number is 5, with this method, the derived up to 4 possible TBS is {424,328}.
Table 4
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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


Another way is to specify ‘by inspection’ the up to 4 possible TBS with respect to the broadcasted maximum TBS. 
For example, the predefined 4 possible TBS and the broadcasted maximum TBS meet the mapping in the following table 5.
Table 5
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	up to 4 possible TBS

	1000
	{712,808,904,1000}

	904
	{616,712,808,904}

	808
	{536,616,712,808}

	712
	{424,536,616,712}

	616
	{328,424,536,616}

	536
	{328,424,536}

	424
	{328,424}

	328
	{328}


The TBS derived directly from the TBS table  matches with the allocated number of PRBs better than the by-inspection method, and leads to a simpler mapping on to MCS and thus seems easiest to use.
Proposal 6: 
The up to 4 possible TBS values are those, according to the allocated number of PRBs, from the maximum broadcast TBS down to and including 328 bits.
2.4 Network control of blind decoding
The use of smaller than maximum TBS could be configured per cell/ per CE level/ per UE group/ per UE, which represent successively finer scheduling flexibility.
Thus, the network enabling method should take both the scheduling flexibility and overhead into account. The ability to enable/disable the feature is intended for early stage deployments where eNB blind decoding has not been implemented, or when the cell load is very high (for e.g. MBB traffic) and the eNB computational power is occupied. However, the power cost to the UE of padding when the feature is disabled varies sigificantly according to the CE level it uses, i.e. padding is less expensive in smaller CE levels, so if eNB processing power is limited by MBB demands, eNB might only expend blind decoding effort in high, i.e expensive, CE levels.
Proposal 7: eNB can enable and disable the use of TBS smaller than the maximum per PRACH CE level.
3 Conclusion
In this contribution, some aspects of the support for early data transmission are further discussed, and the following proposals are given:
Proposal 1: A flag in MAC RAR is used to indicate whether EDT has been granted or not and hence how the RAR is interpreted.
Proposal 2: For the EDT resource allocation:

· Support 4 PRBs and 5PRBs by using the 6 states currently used to allocate 1 PRB in CE mode A;

· Support more than 2 states indicating 2 PRBs in CE mode B.8 maximum TBS broadcasted in system information

Proposal 3: 
The 8 maximum TBS values in CE mode B are {328,408,504,584,680,776,840,936}.

Proposal 4: 
The 8 maximum TBS values in CE mode A are {328,424,536,616,712,808,904,1000}.

Proposal 5: In CE mode A, IMCS is determined from the ITBS corresponding to the broadcast maximum TBS and allocated number of RBs.
Proposal 6: 
The up to 4 possible TBS values are those, according to the allocated number of PRBs, from the maximum broadcast TBS down to and including 328 bits.

Proposal 7: eNB can enable and disable the use of TBS smaller than the maximum per PRACH CE level.
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