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1 Introduction

In RAN1 #92, the following were agreed in RAN1 regarding data transmission during the random access procedure[1]:

· 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 this contribution, we discuss the issue of data transmission during random access procedure for eMTC.

2 UL early data transmission in Msg3
2.1 Maximum TBS & Possible TBS

Based on RAN1 #92 agreement, for each CE level, there are 8 maximum TBS indicated via 3 bits in SIB and is based on Rel-13 PUSCH table as shown in Table 1.
Table 1: Transport block size table (dimension 39×110)
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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

	...
	...


· CE Mode A

Considering that RAN2 has the following agreement:

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

Thus, the range of minimum TBS is 320~1000 bits. It is preferred to choose TBS with equal distance inside this range, and the following set is an example:

Maximum TBS Set= {328,408,504,600,712,808,936,1000}bits
Proposal 1:For CE Mode A, the maximum TBS broadcasted in system information are selected from {328,408,504,600,712,808,936,1000 } bits.
For the agreement in RAN1 #92 to “Support NW enabling the use of TBS smaller than the maximum configured”, 1 bit in SIB can be used to enable/disable this feature. Note it is preferred the enabling is used for both CE mode A and CE mode B. 

 To better match the chosen TBS with the actual buffer size and reduce padding bits, the up to 4 possible TBS should be distributed uniformly. Consider that the value of the maximum TBS is chosen uniformly, the same TBS set can be used for possible TBS values. With large maximum TBS value, more possible TBS value (up to 4) can be configured to reduce padding bits. For smaller TBS value, the possible TBS values can be reduced, as shown in the Table 2.

Table 2：Possible TBS set for CE Mode A EDT

	Maximum TBS（bits）
	Possible TBS set for EDT（bits）

	1000
	1000
	808
	600
	408

	936
	936
	712
	504
	328

	808
	808
	600
	408
	-

	712
	712
	504
	328
	-

	600
	600
	408
	-
	-

	504
	504
	328
	-
	-

	408
	408
	328
	-
	-

	328
	328
	-
	-
	-


Proposal 2:For CE mode A and B, 1 bit in SIB is used to indicate eNB enabling the use of TBS smaller than the maximum configured.
Proposal 3:For CE mode A, the possible TBS that UE can choose (up to 4 )  is indicated via the maximum TBS set.

· CE Mode B

For CE Mode B, maximum TBS for Msg3 EDT is 936 bits, thus, the value of maximum TBS ranges between  320~936bit . To achieve uniform distance between 8 maximum TBS, the following set for CE Mode B is proposed:

Maximum TBS Set= {328,408,488,584,680,776,840,936}

Proposal 4: For CE Mode B, the maximum TBS broadcasted in system information are selected from {328,408,488,584,680,776,840,936}bits.

Similar to CE mode A, Table 3 gives the mapping between maximum TBS to up to 4 possible TBS that UE can choose.
Table 3：Possible TBS set for CE Mode B EDT

	Maximum TBS（bits）
	Possible TBS set for EDT（bits）

	936
	936
	776
	584
	408

	840
	840
	680
	488
	328

	776
	776
	584
	408
	-

	680
	680
	488
	328
	-

	584
	584
	408
	-
	-

	488
	488
	328
	-
	-

	408
	408
	328
	-
	-

	328
	328
	-
	-
	-


Proposal 5: For CE mode B, the possible TBS can choose(up to 4 )  is indicated via the maximum TBS set.

2.2 EDT indicator

· For CE mode A
The most simple scheme is to use 1 reserved bit in RAR to indicate eNB grant for Msg3 EDT transmission. If reserved bit is not used (for forward compatibility reason etc), then CSI request field in UL grant can be used.
For eMTC, the configuration of Random Access Response Grant content field is as follows:

Table 4: Random Access Response Grant Content field size

	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
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	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


In non-contention based random access procedure, the CSI request field is interpreted to determine whether an aperiodic CSI report is included in the corresponding PUSCH transmission according to subclause 7.2.1 of TS36213. In contention based random access procedure, the CSI request field is reserved.

Since in contention based random access procedure, CSI request field is not used by the legacy UEs, then it is possible to use it to indicate Msg3 data transmission.  In non-contention based random access procedure, CSI request field is used by legacy UE. However, since non-contention based random access procedure is triggered by the eNB, Msg3 EDT is not used in this case.
Proposal 6: If reserved bit in RAR is not used to indicate EDT grant, for CE mode A, CSI request field in UL grant can be used for this purposes.
Similarly, 3 bits MCS field in Table 5 can indicate 8 different states, corresponding to [image: image5.wmf]MCS
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value ranges from 0~7, as Table 5 shows. 
Table 5: Modulation, TBS index and redundancy version table for PUSCH

	MCS Index
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	Modulation Order
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	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	1
	0

	2
	2
	2
	0

	3
	2
	3
	0

	4
	2
	4
	0

	5
	2
	5
	0

	6
	2
	6
	0

	7
	2
	7
	0

	
	
	
	


For Msg3 EDT, modulation order，[image: image9.wmf]'
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 can be fixed to QPSK. [image: image10.wmf]TBS
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 in Table 5 is no longer valid since the possible TBS is indicated via maximum TBS table.  Redundancy Version，rvidx，can be fixed to 0 , or use 2 bits to indicate. In both way, 1 bit in MCS field can be re-defined. 

Considering the TBS used in Msg3 EDT is larger than legacy Msg3, more PUSCH resources is needed. The remaining 1 bit in MCS field can be used together with other 4bits to indicate Msg3 PUSCH resource allocation. For a total of 5 bits, any PUSCH resource allcation within 6 PRB can be supported. 
Proposal 7: For Msg3 EDT, 1bit in MCS field is also used for “Msg3 PUSCH Resource allocation”. The remaining 2 bits in MCS field can be reserved , or used to indicate different Redundancy Version，rvidx
· For CE mode B

For Mode B, it is preferable to use one reserved bit in RAR to indicate eNB EDT grant, since there is no reserved bit in legacy UL grant. However, if the reserved bit in RAR cannot be used for this purpose, new status in UL grant need to be defined for eNB EDT grant. 

The truncated TBS field is interpreted such that the TBS value corresponding to the Random Access Response grant is determined from TBS indices 0 through 3 for CE mode B in Table 6.
Table 6: Transport block size table (dimension 39×110)
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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


For a BL/CE UE configured with CE Mode B, the TBS is determined according to the procedure in Subclause 7.1.7.2.1 of TS36213 for 
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=6 when resource allocation field is '110' or '111' otherwise
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= 3. In Table 7, 3bit “Msg3 PUSCH Resource allocation” are used to indicate resource block(s) allocation for BL/CE UE.

Table 7: 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


We can define one state to indicate eNB EDT grant. For example, when Msg3 PUSCH Resource allocation field is '110' or '111' and TBS fields is 0, UE will know that eNB responds to EDT request.
Proposal 8: In case the reserved bit in RAR cannot be used, for CE mode B, one state combination in RAR UL grant, {TBS field, Msg3 PUSCH Resource allocation field } , can be used to indicate eNB EDT response.

2.3 Early termination for Msg3 EDT 

As shown in Figure 1, in eMTC EDT, early termination can be considered.
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Figure 1:Early termination for Msg3 EDT

For simplicity, the repetition number for each possible TBS can be the same as the maximum TBS. However, if the actual TBS the UE choose is less than the maximum TBS, then it is possible that eNB can decode Msg3 during the repetition. To reduce power consumption and time required for EDT, the UE could monitor DCI resources for early termination.

Proposal 9:Early termination is supported for Msg3 EDT. 

3 Conclusions

In this contribution, we have discussed the issue of early data transmission for eMTC. We make the following proposals:

Proposal 1:For CE Mode A, the maximum TBS broadcasted in system information are selected from {328,408,504,600,712,808,936,1000}bits.
Proposal 2:For CE mode A and B, 1 bit in SIB is used to indicate eNB enabling the use of TBS smaller than the maximum configured.
Proposal 3:For CE mode A, the possible TBS that UE can choose (up to 4 )  is indicated via the maximum TBS set.

Proposal 4: For CE Mode B, the maximum TBS broadcasted in system information are selected from {328,408,488,584,680,776,840,936}bits.

Proposal 5: For CE mode B, the possible TBS can choose(up to 4 )  is indicated via the maximum TBS set.

Proposal 6: If reserved bit in RAR cannot be used to indicate EDT grant, for CE mode A, CSI request field in UL grant can be used for this purposes.
Proposal 7: For Msg3 EDT, 1bit in MCS field is also used for “Msg3 PUSCH Resource allocation”. The remaining 2 bits in MCS field can be reserved , or used to indicate different Redundancy Version，rvidx .
Proposal 8: In case the reserved bit in RAR cannot be used, for CE mode B, one state combination in RAR UL grant, {TBS field, Msg3 PUSCH Resource allocation field } , can be used to indicate eNB EDT response.

Proposal 9:Early termination is supported for Msg3 EDT. 
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