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Introduction
[bookmark: _Ref421460494][bookmark: OLE_LINK11]The LTE release 15 efeMTC WID [1] includes one objective on support for early data transmission. In the last meeting, there are some RAN1 agreements [2] on early data transmission as following:
Agreement
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.
Agreement 
· 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) 
Agreement
For EDT Msg. 3 transmission, 16QAM modulation is not supported.
Agreement
· 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
Agreement
The possible smaller TBS values are predefined from the configured maximum TBS and the configured maximum number of blind decodes.
Agreement
Use the ‘R’ bit in RAR to differentiate EDT and non-EDT.
Based on above agreements, we discussed remaining issues for EDT, e.g., resource allocation, repetition number, MCS/TBS field, retransmission of Msg3 and sub-PRB allocation for Msg3.
Discussion
Resource allocation
For CE Mode A, 2~6 PRBs are supported with 4 bits resource allocation field. And FFS on whether to support 1 PRB can be reconsidered if there is an available spare bit to expand resource allocation field. In the legacy TBS table for PUSCH as showed in table 1, the maximum TBS value supported by 1 PRB is 144bits with coding rate 0.58. If using 1PRB to support EDT TBS {328 408 504 600 712 808 936 1000}, the coding rate is calculated in table 2, wherein the coding rate is very high and mostly larger than 1.83. To make the ultra-high coding rate decodable, repetitions with RV cycling is necessary. However, for CE Mode A, normal coverage without repetitions is a general case. The actual condition suitable for scheduling 1 PRB may be a small probability, and just several smaller EDT TBS can be supported. Therefore, 1 PRB needn’t be supported for CE Mode A. Thus, current 4bits resource allocation field needn’t be expanded to support 1 PRB.
Proposal #1: 1 PRB needn’t be supported for EDT scheduled by RAR grant for CE Mode A.
Table.1 Legacy TBS table for PUSCH
	

	


	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032



Table.2 Coding rate with 1PRB to support EDT TBS
	TBS 
	328
	408
	504
	600
	712
	808
	936
	1000

	Coding rate
	1.22
	1.5
	1.83
	2.17
	2.56
	2.89
	3.33
	3.64



For CE Mode B, 1~2 PRBs are supported with at least 3 bits resource allocation field. And FFS on whether to expand resource allocation can be reconsidered if there is an available spare bit to expand resource allocation field. Different from CE Mode A, the resource allocation for Msg3 is totally the same as other PUSCH in CE Mode B, i.e., the uplink resource allocation type 2 as showed in table 3. The resource allocation can indicate 6 status for 1 PRB allocation and 2 status for 2 PRBs allocation. Considering the 8 values can provide enough flexibility for 1~2 PRBs allocation, the legacy resource allocation needn’t be modified and can be directly reused to preserve a unified resource allocation solution for Msg3 and other PUSCH. And, current 3bits resource allocation field needn’t be expanded to introduce new resource allocation.
Proposal #2: Current resource allocation in RAR grant needn’t be modified for CE Mode B.
[bookmark: OLE_LINK2]Table 3: Resource block(s) allocation for BL/CE UE configured with CE Mode B
	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



Repetition number
In the last meeting, one agreement on repetition number is that “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)”. This means the multiple possible TBSs can use different repetition number for the actual transmission. The existing repetition number field in RAR grant can be used to indicate the repetition number of the broadcast maximum TBS. As for the TBSs smaller than the broadcast maximum TBS, the repetition number can be implicitly derived based on the value indicated by the repetition number field. 
One reasonable criteria to derive the repetition number shall be that the effective coding rate after repetitions is approximately equivalent for the multiple possible TBSs, e.g. RN_2={RN_1*(TBS_2+24)/(TBS_1+24)}. Here, TBS_1 is the broadcast maximum TBS, and TBS_2 is the TBS smaller than TBS_1. RN_2 and RN_1 is the repetition number corresponding to TBS_2 and TBS_1 respectively. The calculation operation {.} is to round up to a closest value which meets a multiple of 4 to facilitate RV cycling. The calculated repetition number with a multiple of 4 may not be included in legacy PUSCH repetition numbers as showed in following tables.
Proposal #3: Repetition number of the TBS smaller than broadcast maximum can be derived according to the equation RN_2={RN_1*(TBS_2+24)/(TBS_1+24)}.
Table 4: PUSCH repetition levels (DCI Format 6-0A)
	Higher layer parameter
‘pusch-maxNumRepetitionCEmodeA’
	[image: ]

	Not configured
	{1,2,4,8}

	16
	{1,4,8,16}

	32
	{1,4,16,32 }


Table 5: PUSCH repetition levels (DCI Format 6-0B)
	Higher layer parameter
‘pusch-maxNumRepetitionCEmodeB’
	[image: ]

	Not configured
	{4,8,16,32,64,128,256,512}

	192 
	{1,4,8,16,32,64,128,192}

	256 
	{4,8,16,32,64,128,192,256} 

	384 
	{4,16,32,64,128,192,256,384} 

	512 
	{4,16,64,128,192,256,384,512} 

	768 
	{8,32,128,192,256,384,512,768}

	1024 
	{4,8,16,64,128,256,512,1024} 

	1536 
	{4,16,64,256,512,768,1024,1536}

	2048 
	{4,16,64,128,256,512,1024,2048}



MCS/TBS field
In the last meeting, one agreement on providing of multiple TBS is that “The possible smaller TBS values are predefined from the configured maximum TBS and the configured maximum number of blind decodes”. And, another agreement on modulation order is that “For EDT Msg. 3 transmission, 16QAM modulation is not supported”. Based on the two agreements, current MCS/TBS field seems to be unnecessary to determine TBS value and modulation order. Thus, current 3bits MCS field and 2bits TBS field in RAR grant can be reserved for CE Mode A and CE Mode B respectively.
Proposal #4: For EDT scheduled by RAR grant, current 3bits MCS field and 2bits TBS field can be reserved for CE Mode A and CE Mode B respectively.
Retransmission of Msg3
[bookmark: OLE_LINK7]Currently, if a DCI scrambled with a temporary C-RNTI indicates the same TBS as initial transmission of Msg3, the DCI is considered for scheduling retransmission of Msg3. If using the legacy mechanism of TBS determination for retransmission of EDT Msg3, i.e., look up TBS table based on the number of allocated PRBs and TBS index, there is an extreme limit for resource allocation to indicate the same TBS as initial transmission of Msg3. To support flexibility for resource allocation as initial transmission of Msg3, UE can assume TBS is the same as initial transmission of Msg3 by default, i.e., the possible smaller TBS values are predefined from the configured maximum TBS and the configured maximum number of blind decodes. Thus, similar to RAR grant, for the DCI scheduling retransmission of EDT Msg3, current 4bits MCS field can be reserved. In other word, given that a DCI scrambled with a temporary C-RNTI is decoded, the DCI can be considered for scheduling retransmission of EDT Msg3.
Proposal #5: For retransmission of EDT Msg3 scheduled by DCI, current 4bits MCS field can be reserved assuming TBS is the same as initial transmission of EDT Msg3 by default.
Sub-PRB allocation for Msg3
Another issue is whether to support sub-PRB allocation for Msg3. In another accompanying paper [3], specification impacts of sub-PRB allocation are discussed, wherein resource allocation needs to be redesigned. To support sub-PRB allocation for Msg3, besides specification impact on RAR grant content, a key specification impact is that PRACH partitioning needs to be used to indicate sub-PRB capability. Considering currently up to 8 PRACH configurations for indication of EDT/non-EDT per CE level, about 16 PRACH configurations are required if supporting PRACH partitioning for indication of sub-PRB capability. Thus, PRACH partitioning will be more complex and PRACH capacity will be a problem. Besides PRACH partitioning for indication of sub-PRB capability, another method is to make sub-PRB capability mandatory on EDT support. However, there is no any bundling relationship for EDT feature and sub-PRB feature, and the imposed restriction is not recommended.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: _GoBack]Proposal #6: Sub-PRB allocation in Msg3 is not supported for both EDT and non-EDT.
Conclusion
In this contribution, we discussed remaining issues for EDT. Based on above discussion, we have following proposals:
[bookmark: OLE_LINK16]Proposal #1: 1 PRB needn’t be supported for EDT scheduled by RAR grant for CE Mode A.
Proposal #2: Current resource allocation in RAR grant needn’t be modified for CE Mode B.
Proposal #3: Repetition number of the TBS smaller than broadcast maximum can be derived according to the equation RN_2={RN_1*(TBS_2+24)/(TBS_1+24)}.
Proposal #4: For EDT scheduled by RAR grant, current 3bits MCS field and 2bits TBS field can be reserved for CE Mode A and CE Mode B respectively.
Proposal #5: For retransmission of EDT Msg3 scheduled by DCI, current 4bits MCS field can be reserved assuming TBS is the same as initial transmission of EDT Msg3 by default.
Proposal #6: Sub-PRB allocation in Msg3 is not supported for both EDT and non-EDT.
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