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1 Introduction

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

· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 NPUSCH 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 NB-IoT.
2 UL early data transmission in Msg3

2.1 Support of multi-tone Msg3

To use the RACH procedure for data transmission, several issues must be resolved. First of all, what is the TBS size supported for such use-case. Currently , Msg3 supports up to 88 bits at physical layer. It may be needed to increase this limit and support larger packet size. A few factors has impacts on the Msg3 size, e.g. coverage level, operational mode, tone-spacing etc. 

Note in previous RAN1 meeting , it was agreed that for at least one number of repetitions of NPRACH, multi-tone Msg3 transmission is not allowed by the specifications. Since multi-tone Msg3 will provide larger TBS size, we propose to remove this limitation.

Proposal 1: Support multi-tone Msg3 for all repetition number of NPRACH.
2.2 EDT configuration

· The maximum TBS

Based on RAN1 #92 agreement, for each CE level there are 8 maximum TBS indicated via 3 bit in SIB and is based on Rel-13 PUSCH table as shown in Table 1.
Table 1: Transport block size (TBS) table for NPUSCH
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	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024 

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 


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 2: The maximum TBS broadcasted in system information are selected from {328,408,504,600 ,712,808,936,1000}bits.
· Possible TBS

According to RAN2 agreement, UE can choose up to 4 possible TBS equal or smaller than the maximum TBS. These possible TBS are indicated cell-specifically together with the maximum TBS. As shown in Table 2, the first column is the maximum TBS, and the possible TBS corresponding to the maximum TBS starts from the second column.

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.
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 larger maximum TBS value, more possible TBS value (up to 4) can be configured to reduce padding bits. For smaller maximum TBS value, the possible TBS values can be reduced, as shown in Table 2.
Table 2: Possible TBS set for 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 3: The possible TBS that UE can choose (up to 4 ) is indicated via the maximum TBS set.
Proposal 4: 1 bit in SIB is used to indicate eNB enabling the use of TBS smaller than the maximum configured

· Possible TBS and number of RU 

If the reserved bits in RAR can be used to indicate eNB grant for EDT, 3 bits MCS field can be used to indicate 8 states of Modulation/Number of RU for EDT.
If the reserved bit in RAR cannot be used, the 5 reserved states in MCS field as shown in Table 3 can be used to implicitly indicate eNB grant for EDT.

Table 3: MCS index for Msg3 NPUSCH

	MCS Index
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	TBS

	‘000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘011’
	Reserved
	Reserved
	reserved
	Reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved


Since the TBS chosen by the UE is implicitly indicated via maximum TBS set table, the TBS column in the MCS field is no longer valid. For Msg3 EDT, it is suggested that pi/4 QPSK is used when
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Considering the minimum TBS for EDT is 328bits, lower code rate is preferred to increase the successful transmission rate, therefore it is suggested to choose number of RU from the set {4,6,7,8,10}. 

5 reserved MCS states in RAR grant “011~111” as shown in Table 4 are used to indicate the number of RU for EDT transmission.

Table 4: MCS index for Msg3 EDT
	MCS Index
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	TBS

	‘000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘011’
	pi/4 QPSK
	QPSK
	4
	-

	‘100’
	pi/4 QPSK
	QPSK
	6
	-

	‘101’
	pi/4 QPSK
	QPSK
	7
	-

	‘110’
	pi/4 QPSK
	QPSK
	8
	-

	‘111’
	pi/4 QPSK
	QPSK
	10
	-


Proposal 5: For Msg3 EDT，1 /4 QPSK is used when  
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Proposal 6: Five reserved MCS states in RAR grant (011~111) are used to indicate the number of RU for EDT transmission, which is chosen from the RU set {4,5,6,8,10}.
3 Conclusions

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

Proposal 1: Support multi-tone Msg3 for all repetition number of NPRACH.
Proposal 2: The maximum TBS broadcasted in system information are selected from {328,408,504,600 ,712,808,936,1000} bits.
Proposal 3: The possible TBS that UE can choose (up to 4 ) is indicated via the maximum TBS set.
Proposal 4: 1 bit in SIB is used to indicate eNB enabling the use of TBS smaller than the maximum configured

Proposal 5: For Msg3 EDT，1 /4 QPSK is used when  
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Proposal 6: Five reserved MCS states in RAR grant (011~111) are used to indicate the number of RU for EDT transmission, which is chosen from the RU set {4,5,6,8,10}.
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