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1. Introduction
The support of early data transmission in Msg3/Msg4 is introduced in Rel-15 for a BL/CE UE. Following agreements were achieved in the last several RAN1 meetings [1][2][3]. 
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In this contribution, we would further discuss the remaining issues about EDT confirmation/rejection and TBS/resource allocation for Msg3 PUSCH in EDT.
2. EDT confirmation/rejection
As agreed in RAN1 #90 meeting, from the perspective of physical layer design, eNB is not always required to provide a grant of a larger TBS for Msg3 and can decide to just provide a grant corresponding to Rel-13 Msg3 TBS instead.  
This means that eNB could reject the EDT request by only providing the grant for Rel-13 Msg3 TBS and confirm the EDT request by the new grant to indicate the larger TBS for UL data in Msg3. To realize EDT rejection, UE could fall back to legacy procedure to transmit UL data. Therefore, the indication of EDT confirmation and rejection is necessary so that UE performs different procedures. As discussed in last RAN1 #91 meeting, the reserved bit “R” in MAC RAR might be used for EDT feature shown in Fig.1 and Fig. 2. Then, it could be used as the indication of EDT confirmation and rejection. To be specifically, if eNB accepted the EDT request, eNB indicates the UE to read larger TBS in UL grant by setting “R” to be “1”.On the other hand, if eNB rejected the EDT request, eNB indicates the UE to read the same TBS as Rel-13 Msg3 PUSCH by setting the “R” to be “0”. 
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Figure 1: MAC RAR for CE mode A            Figure 2: MAC RAR for CE mode B
Proposal 1: EDT confirmation/rejection could be realized by the reserved bit in MAC RAR
3. MCS/TBS and Resource allocation for Msg3 PUSCH in EDT
As agreed RAN1 #91 meeting, maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1, 936 bits for PRACH CE levels 2 and 3. Then we would discuss the resource allocation and MCS/TBS indication for EDT confirmation.
In Rel-13, the resource allocation and TBS/MCS indication field in UL grant for Msg3 PUSCH is highlighted in Table 1. The MCS/TBS indication for Msg3 PUSCH in CE mode A and CE mode B are shown in Table 2 and Table 3. The resource allocation for Msg3 PUSCH in CE mode A and CE mode B are shown in Table 4 and Table 5.
Table 1:Random Access Response Grant Content field size

	DCI contents
	CE Mode A
	CE Mode B

	Msg3 PUSCH narrowband index
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index

N


	2

	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	3
	0

	TBS
	0
	2

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	2
	2

	Zero padding
	4 - 
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	0

	Total Nr-bits
	20
	12


Table 2: MCS/TBS table for Msg3 PUSCH (CE mode A)              
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N_PRB

1 2 3 6

0 16 32 56 152

1 24 56 88 208

2 32 72 144 256

3 40 104 176 328

4 56 120 208 408

5 72 144 224 504

6 328 176 256 600

7 104 224 328 712

         
Table 3: MCS/TBS table for Msg3 PUSCH (CE mode B)
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Table 4: Resource allocation for Msg3 PUSCH (CE mode A)   
	Value of resource allocation field 
	Allocated PRB index

	‘0000’
	{0}

	‘0001’
	{1}

	‘0010’
	{2}

	‘0011’
	{3}

	‘0100’
	{4}

	‘0101’
	{5}

	‘0110’
	{0,1}

	‘0111’
	{1,2}

	‘1000’
	{2,3}

	‘1001’
	{3,4}

	‘1010’
	{3,5}

	‘1011’
	{0,1,2}

	‘1100’
	{1,2,3}

	‘1101’
	{2,3,4}

	‘1110’
	{3,4,5}

	‘1111’
	{0,1,2,3,4,5}


Table 5: Resource allocation for Msg3 PUSCH (CE mode B)   
	Value of resource allocation field 
	Allocated PRB index

	‘000’
	{0}

	‘001’
	{1}

	‘010’
	{2}

	‘011’
	{3}

	‘100’
	{4}

	‘101’
	{5}

	‘110’
	{0,1}

	‘111’
	{2,3}


To support larger TBS for Msg3 PUSCH in EDT confirmation, one method is to reuse Rel-13 eMTC PUSCH MCS/TBS table shown in Table 6 i.e. 4 bits to indicate the MCS/TBS level and 5 bits to indicate all the combinations of PRB number and position shown in Table 7. Then, corresponding fields in current UL grant should be further extended. That’s to say, new size of MAC RAR should be introduced for EDT UEs.
Table 6: MCS/TBS table for Rel-13 PUSCH (CE mode A)
	I_TBS
	N_PRB

	
	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 7: Combinations of PRB number and position
	PRB number
	Position

(PRB index)

	1
	{0}, {1}, {2}, {3}, {4}, {5}

	2
	{0,1}, {1,2}, {2,3}, {3,4}, {4,5}

	3
	{0,1,2}, {1,2,3}, {2,3,4}, {3,4,5}

	4
	{0,1,2,3}, {1,2,3,4}, {2,3,4,5}

	5
	{0,1,2,3,4}, {1,2,3,4,5}

	6
	{0,1,2,3,4,5}


However, if the time-frequency resources of PRACH are shared among EDT UEs and non-EDT UEs, the MAC RARs for these two types of UEs may be carried in a single PDSCH. Based on current design, UE would be confused about the decoding starting points of corresponding MAC RAR. To solve this problem, new design about MAC sub-header to indicate the type of MAC RAR should be supported, which requires much more standardization effort and additional UE detection complexity. 
Based on the analysis, UL grant size in MAC RAR for EDT should be kept the same as Rel-13 eMTC, by re-interpreting current MCS/TBS and resource allocation field in UL grant to support larger TBS. 
To be specifically, for CE mode A, the maximum TBS is 712bits and the maximum UL PRB is 6 for Msg3 PUSCH in Rel-13. To support the 1000bits Msg3 PUSCH in EDT, resource allocation field in UL grant could be reused while new MCS/TBS table should be designed. Taking the Table 8 as an example, extend the table to MCS/TBS level 10 in Table 6 and delete the first 3 levels with smaller TBS. Then, UEs would reinterpret the 3bits MCS field based on the new table.
Table 8: MCS/TBS table for Msg3 PUSCH in EDT (CE mode A)
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For CE mode B, the maximum TBS is 328bits and maximum UL PRB is 2 for Msg3 PUSCH in Rel-13. Assuming the coding rate is 1 and QPSK modulation, the maximum bits number for 2 UL PRB is ~500bits. To support the 936bits Msg3 PUSCH in EDT, it’s not enough to just extend the MCS/TBS table while remaining maximum 2 PRB resource allocation. Thus, the number of UL PRB should also be extended. For example, extend the available UL resource to maximum 6 PRB, and extend MCS/TBS level to 9. To maintain same UL grant size, specific combination of PRB number and position should be further selected and indicated. Similarly, further down selection of MCS/TBS level is also necessary.
One straightforward method is to select 8 combinations of PRB number and position e.g. PRB number 3,4,6 with all possible positions in Table 7, and 4 PUSCH MCS/TBS level e.g. 0,3,6,9 in Table 6. Then, eNB indicates the resource allocation and MCS/TBS level separately using current field in UL grant shown in Table 9 and Table 10.
Table 9: Resource allocation for Msg3 PUSCH in EDT (CE mode B) 
	Resource allocation in UL grant (3 bits)
	PRB number
	Position
(PRB index)

	000
	3
	{0,1,2}

	001
	3
	{1,2,3}

	010
	3
	{2,3,4}

	011
	3
	{3,4,5}

	100
	4
	{0,1,2,3}

	101
	4
	{1,2,3,4}

	110
	4
	{2,3,4,5}

	111
	6
	{0,1,2,3,4,5}


Table 10: MCS/TBS table for Msg3 PUSCH in EDT (CE mode B)
	I_TBS

(2 bits)
	N_PRB

	
	3
	4
	6

	0
	56
	88
	152

	1
	176
	208
	328

	2
	256
	392
	600

	3
	456
	616
	936


However, the supported number of TBS is very limited by adopting this method, which would cause more padding and large resource consumption. To ensure the selection of more TBS, the PRB position could be limited under specific PRB number. Then, jointly indication of resource allocation and MCS/TBS level by using 5bits in current UL grant could be considered. In this case, maximum 32 status could be used to indicate different TBS under specific PRB number, which would reduce the resource consumption significantly.
Proposal 2: Extend the MCS/TBS table and delete the MCS/TBS level with smaller TBS for Msg3 PUSCH in CE mode A to support maximum 1000bits TBS

Proposal 3: Jointly indication of resource allocation and MCS/TBS level for Msg3 PUSCH in CE mode B to support the maximum 936bits TBS
4. Conclusion

In this contribution, we analyzed and shared our consideration in the early data transmission in MTC.
Proposal 1: EDT confirmation/rejection could be realized by the reserved bit in MAC RAR

Proposal 2: Extend the MCS/TBS table and delete the MCS/TBS level with smaller TBS for Msg3 PUSCH in CE mode A to support maximum 1000bits TBS

Proposal 3: Jointly indication of resource allocation and MCS/TBS level for Msg3 PUSCH in CE mode B to support the maximum 936bits TBS
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Agreements: 


From RAN1 perspective, it is beneficial to support early data transmission for BL/CE UEs with any CE level or coverage.





Agreements: 


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: 


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
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