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Introduction
[bookmark: _Hlk510689513]In this contribution we discuss the granting mechanism for Msg3 in EDT and TB size selection for Msg3 transmission in EDT for LTE-M and NB-IoT. In an earlier LS response RAN1 has replied the following:
For NB-IoT, RAN1 will select from the Rel-13 NPUSCH TBS values, and it is feasible to support at least 5 MCS/TBS/RU size combinations. (RU = resource unit).
For eMTC, RAN1 will select from the Rel-13 PUSCH TBS values, and the 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. 
For NB-IoT, it has been agreed in RAN1 that:
· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view
· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 
· The above applies to above Alts. 1-4

Further, there were some questions back to RAN2 which resulted in the following agreements in RAN2#101:

	[bookmark: _Hlk507496303]Agreements
- 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.




	Agreements
- If new UL grant format is defined, it does not need to be backwards compatible.
- Same RAR format is used for EDT UEs.




	[bookmark: _Hlk507525107]Agreements
- 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.
- Send an LS reply to RAN1 capturing the agreements above including the agreement on the maximum and minimum possible TB sizes and ask RAN1 for confirmation.




As indicated in the last agreement, an LS (R2-1803884) has been sent to RAN1 to inform about these RAN2 agreement and confirm the agreements pending RAN1 confirmation.
Also related to this issue, the following agreements were made in RAN1#92:

Agreement 
· 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.

Agreement
Support NW enabling the use of TBS smaller than the maximum configured. FFS details.

The agreements are identical for NB-IoT and LTE-M apart from the use of ‘PUSCH’ or ‘NPUSCH’. 

In this contribtion we discuss the way forward for the aspects with RAN2 impact, i.e. new IEs in SI broadcast and the use of the reserved R-bit in RAR.
[bookmark: _Ref510700262]NB-IoT EDT
Since it was agreed by RAN2 to keep the same RAR format the UL grant needs to maintain the legacy size. According to Section 6.1.5 in TS 36.321, that means 15 bits for NB-IoT.
[bookmark: _Hlk510690200]Using the reserved bit in RAR
No matter if the legacy MCS table (see Table 1) or a new EDT MCS table (see Table 3) is used for EDT indication of TBS, there is room to cover both the legacy TBSs and EDT TBSs in the same table. That is, the agreed fall-back to legacy UL Grant will be covered in the same table and there will be no need to use the reserved R-bit to indicate the format of the UL grant.
[bookmark: _Toc510695479][bookmark: _Toc510700226][bookmark: _Toc510700338][bookmark: _Toc510703323][bookmark: _Toc510729837]For NB-IoT reserved R-bits in RAR are not used for EDT.
That is, either the legacy MCS table is used and the UL Grant will always have the legacy format (3-bit MCS index below) when EDT preamble is selected, or a new EDT MCS table is used and the UL Grant will always have a new format (5-bit MCS index below) when EDT preamble is selected. The R-bit in RAR does not need to be used in any of these cases.
However, what must be included in SI broadcast depends on which MCS table is used and will be discussed in the following sections.
Using legacy UL Grant format
For NB-IoT the UL grant is specified in TS 36.213 Section 16.3.3 and 3 bits out of the 15 bits are used for ‘MCS index indicating TBS, modulation, and number of RUs for Msg3’. This index is then used in Table 16.3.3-1 to specify the TBS and number of RUs for the NPUSCH Msg3 transmission:

[bookmark: _Ref510690519]Table 1: Legacy MCS index for EDT Msg3 NPUSCH.
	
MCS Index

	Modulation




 or and
	Modulation



and
	Number of RUs


	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
	QPSK
	NRU1
	edt-TBS

	'100'
	reserved
	QPSK
	NRU2
	edt-TBS

	'101'
	reserved
	QPSK
	NRU3
	edt-TBS

	'110'
	reserved
	QPSK
	NRU4
	edt-TBS

	'111'
	reserved
	QPSK
	NRU5
	edt-TBS



To capture the RAN2 agreements ‘RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information’ and ‘for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed’ we propose to make the following NB-IoT addition to the running CR for 36.331  treated in email discussion [101#59] (additions as proposed in the running CR email discussion EDT in red and additions proposed herein in yellow):
NPRACH-ConfigSIB-NB information elements
-- ASN1START

NPRACH-ConfigSIB-NB-r13 ::=			SEQUENCE {
	nprach-CP-Length-r13				ENUMERATED {us66dot7, us266dot7},
	rsrp-ThresholdsPrachInfoList-r13	RSRP-ThresholdsNPRACH-InfoList-NB-r13 	OPTIONAL,	-- need OR
	nprach-ParametersList-r13		NPRACH-ParametersList-NB-r13
}

NPRACH-ConfigSIB-NB-v1330 ::=		SEQUENCE {
	nprach-ParametersList-v1330			NPRACH-ParametersList-NB-v1330
}

NPRACH-ConfigSIB-NB-v1450 ::=		SEQUENCE {
	maxNumPreambleAttemptCE-r14			ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1}
}

NPRACH-ConfigSIB-NB-v15xy ::=		SEQUENCE {
		edt-TBS-InfoList-r15			EDT-TBS-InfoList-NB-r15,
		nprach-ParametersList-EDT-r15		SEQUENCE {
			nprach-ParametersList-r15			NPRACH-ParametersList-NB-r13,
			nprach-NumCBRA-StartSubcarriers-r15	NPRACH-ParametersList-NB-v1330
		}	OPTIONAL	-- Need OR
}

NPRACH-ParametersList-NB-r13 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-r13

NPRACH-ParametersList-NB-v1330 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF NPRACH-Parameters-NB-v1330

NPRACH-Parameters-NB-r13::=			SEQUENCE {
[bookmark: OLE_LINK204]	nprach-Periodicity-r13 					ENUMERATED {ms40, ms80, ms160, ms240, 
														ms320, ms640, ms1280, ms2560},
	nprach-StartTime-r13					ENUMERATED {ms8, ms16, ms32, ms64, 
														ms128, ms256, ms512, ms1024},
	nprach-SubcarrierOffset-r13				ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},
	nprach-NumSubcarriers-r13				ENUMERATED {n12, n24, n36, n48},
	nprach-SubcarrierMSG3-RangeStart-r13	ENUMERATED {zero, oneThird, twoThird, one},
	maxNumPreambleAttemptCE-r13				ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},
	numRepetitionsPerPreambleAttempt-r13	ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128},
	npdcch-NumRepetitions-RA-r13			ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 
														r256, r512, r1024, r2048, 
														spare4, spare3, spare2, spare1},
	npdcch-StartSF-CSS-RA-r13				ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},
	npdcch-Offset-RA-r13					ENUMERATED {zero, oneEighth, oneFourth, threeEighth}
}

NPRACH-Parameters-NB-v1330 ::=		SEQUENCE {
	nprach-NumCBRA-StartSubcarriers-r13		ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24, 
														n32, n34, n35, n36, n40, n44, n46, n48}
}

EDT-TBS-InfoList-NB-r15 ::=	SEQUENCE (SIZE (1.. maxNPRACH-Resources-NB-r13)) OF EDT-TBS-NB-r15

EDT-TBS-NB-r15 ::=	ENUMERATED {320, 424, 504, 616, 712, 808, 936, 1000},
EDT-TBSselection-NB-r15			ENUMERATED {n1, n2, n3, n4} OPTIONAL	-- Need OR


RSRP-ThresholdsNPRACH-InfoList-NB-r13 ::= SEQUENCE (SIZE(1..2)) OF RSRP-Range

-- ASN1STOP

That is, the EDT maximum TBS per CE-level is broadcasted in SI in the linear range from the agreed minimum of 320 bits to the agreed maximum of 1000 bits, with actual TBSs bit aligned to already used NPUSCH TBS sizes according to Table 16.5.1.2-2 in 36.213.
[bookmark: _Toc510097797][bookmark: _Ref510692622][bookmark: _Toc510695480][bookmark: _Toc510700227][bookmark: _Toc510700339][bookmark: _Toc510703324][bookmark: _Toc510729838]For NB-IoT, the maximum TBS for EDT given per CE-level in SI broadcast is in the range {320, 424, 504, 616, 712, 808, 936, 1000} bits.
Since there are only 5 reserved vales in Table 16.3.3-1 of 36.213 (See Table 1 above), the interpretation of these would depend on the maximum TBS in SI broadcast in order to reuse reserved values for all 8 max TBSs. For example, if max TBS=1000 bits the number of RUs is given with that in mind and the 5 reserved values effectively gives the option of 5 different code rates for the 1000-bit TBS. If the max TBS=320 bits, the interpretation of the number of RUs would be different and lower numbers would be applied. This downscaling would be up to RAN1 to define.
[bookmark: _Toc510695475][bookmark: _Toc510700217][bookmark: _Toc510700329][bookmark: _Toc510703298][bookmark: _Toc510729828]If the legacy Msg3 UL grant format is used for NB-IoT, RAN1 needs to define the down-scaling to smaller TBSs with smaller numbers of RUs.
In RAN2 it was further agreed that the network should be able to fallback to legacy behaviour if the max TBS cannot be provided a certain subframe (see “…unless the provided UL grant is for legacy Msg3” in the agreement above). The straight forward solution for this is that eNB would just indicate one of the 88 bit-entries in Table 1 (i.e. MCS index ‘000’, ‘001’, or ‘010’).
[bookmark: _Toc510097799][bookmark: _Toc510695476][bookmark: _Toc510700218][bookmark: _Toc510700330][bookmark: _Toc510703299][bookmark: _Toc510729829]For NB-IoT, fallback to legacy grant is achieved by eNB providing the MCS index for a legacy 88-bit TBS.
Regarding the autonomous UE selection of a TB size that best fits the UL data buffer to minimize the padding, the number of TB sizes would in this case have to be provided in SI broadcast. See the added IE in the ASN.1 example above. E.g., if the new IE EDT-TBSselection-NB is equal to n4 it means the UE can select between 4 TBS including the max TBS. To have a good distribution in order to minimize the padding for all possible ni-values we propose that the lower limit of 320 bits is included whenever ni is larger than 1 and that the remaining values are linearly distributed in the range. For example, according to the following table:
[bookmark: _Ref510094314]Table 2: Multiple-choice TBS selection sets
	
	TBS set:

	ni:
	320
	424
	504
	616
	712
	808
	936
	1000

	4
	-
	-
	-
	{320, 424, 504, 616}
	{320, 424, 616, 712}
	{320, 504, 616, 808}
	{320, 504, 712, 936}
	{320, 504, 808, 1000}

	3
	-
	-
	{320, 424, 504}
	{320, 504, 616}
	{320, 504, 712}
	{320, 616, 808}
	{320, 616, 936}
	{320, 616, 1000}

	2
	-
	{320, 424}
	{320, 504}
	{320, 616}
	{424, 712}
	{424, 808}
	{504, 936}
	{504, 1000}

	1
	{320}
	{424}
	{504}
	{616}
	{712}
	{808}
	{936}
	{1000}



Again, the TBS values are aligned to existing values in Table 16.5.1.2-2 in 36.213. After reading the maximum EDT TBS and the number of TBSs in SIB2-NB the exact TB sizes which the UE can choose from would be known. For example, if EDT-TBS-NB is 808 bits and EDT-TBSselection-NB is set to n3, the UE would select the TBS in the set {320, 616, 808} which best fits the data in the UL buffer. 
Since the size of the TBS set will depend on the eNB’s capability of doing blind decoding there is no reason to be able to indicate it dynamically. Therefore, we think it is sufficient to provide it in SI broadcast per CE-level as described above.
[bookmark: _Toc510097800][bookmark: _Toc510695481][bookmark: _Toc510700228][bookmark: _Toc510700340][bookmark: _Toc510703325][bookmark: _Toc510729839]If the legacy Msg3 UL grant format is used for NB-IoT, the EDT Msg3 TBS range which the UE can autonomously select from is determined by the number of TBS candidates indicated in SI broadcast per CE-level. 
In the same way as above, RAN1 would need to define the downscaling of the number of RUs used for any TBS which is smaller than the max TBS. E.g. is the example above, if 4 RUs are to be used for the max TBS of 1000 bits, 504 bits would perhaps only require 2 RUs. 
Using a new UL Grant format
For NB-IoT the UL grant is specified as follows according to 36.213 16.3.3:
Nr-bit =15, and the content of these 15 bits starting with the MSB and ending with the LSB are as follows:

-	Uplink subcarrier spacing  is '0'=3.75 kHz or '1'=15 kHz – 1 bit   0 bit

-	Subcarrier indication field  as determined in Subclause 16.5.1.1 – 6 bits  5 bits

-	Scheduling delay field () as determined in Subclause 16.5.1 with k0 = 12 for IDelay = 0 , where NB-IoT DL subframe n is the last subframe in which the NPDSCH associated with the Narrowband Random Access Response Grant is transmitted – 2 bits

-	Msg3 repetition number  as determine in Subclause 16.5.1.1 – 3 bits
-	MCS index indicating TBS, modulation, and number of RUs for Msg3 according to Table 16.3.3-1 – 3 bits  5 bits
Since it is inefficient to support EDT in combination with 3.75 kHz single-tone transmission it would make sense to support only 15 kHz subcarrier spacing if a new UL Grant format is used.
[bookmark: _Toc510097792][bookmark: _Toc510695477][bookmark: _Toc510700219][bookmark: _Toc510700331][bookmark: _Toc510703300][bookmark: _Toc510729830]If a new Msg3 UL grant format is used for NB-IoT, 15 kHz subcarrier spacing only for EDT could be used to increase the number of bits for the MCS index from 3 to 5 in the EDT UL grant.
If 15 kHz subcarrier spacing is used, the Subcarrier indication field has a wide range of reserved values, {19-63}, and reducing this to {19-31} by only using 5 bits instead of 6 bits should be acceptable. Two additional bits could then be used for the EDT MCS index (see the proposed reductions in red above). This means the 15 bits of the UL grant in RAR should be sufficient and there is no need to use any reserved R-bits in RAR for NB-IoT. 
With 5 bits for the MCS index 32 different configurations for the TBS for EDT Msg3 could be indicated. An example with up to four TBSs is given in the following table:

[bookmark: _Ref510690538]Table 3: New MCS index for EDT Msg3 NPUSCH.
	MCS Index
[image: cid:image002.png@01D385C6.B4B5F9C0]
	Modulation

[image: cid:image003.png@01D385C6.B4B5F9C0]and[image: cid:image004.png@01D385C6.B4B5F9C0]
	Number of RUs 1
[image: cid:image005.png@01D385C6.B4B5F9C0]
	Number of RUs 2
[image: cid:image005.png@01D385C6.B4B5F9C0]
	Number of RUs 3
[image: cid:image005.png@01D385C6.B4B5F9C0]
	Number of RUs 4
[image: cid:image005.png@01D385C6.B4B5F9C0]
	
	TBS 1
	TBS 2
	TBS 3
	TBS 4

	‘00000’
	QPSK
	4
	
	
	
	
	88 bits
	-
	-
	-

	‘00001’
	QPSK
	1
	
	
	
	
	88 bits
	-
	-
	-

	‘00010’
	QPSK
	5
	3
	2
	1
	
	936 bits
	712 bits
	504 bits
	320 bits

	‘00011’
	QPSK
	10
	5
	3
	2
	
	936 bits
	712 bits
	504 bits
	320 bits

	‘00100’
	QPSK
	8
	5
	3
	2
	
	1000 bits
	808 bits
	504 bits
	320 bits

	‘00101’
	QPSK
	8
	5
	-
	-
	
	1000 bits
	504 bits
	-
	-

	‘00110’
	QPSK
	8
	-
	-
	-
	
	1000 bits
	-
	-
	-

	:
	
	
	
	
	
	
	
	
	
	

	:
	
	
	
	
	
	
	
	
	
	

	‘11101’
	QPSK
	4
	3
	1
	1
	
	1000 bits
	808 bits
	504 bits
	320 bits

	‘11110’
	QPSK
	reserved
	reserved
	reserved
	reserved
	
	reserved
	reserved
	reserved
	reserved

	‘11111’
	QPSK
	reserved
	reserved
	reserved
	reserved
	
	reserved
	reserved
	reserved
	reserved



The exact entries of the table would of course be up to RAN1 to define. In this case the range of the max TBS would be the same in Proposal 2 above, and also the fall-back to legacy TBS would be covered by some rows in the MCS table (e.g. rows 1 and 2 in Table 3). However, in this case the number of TB sizes to choose from, ni, does not need to be indicated in SI, but doing so anyway would leave room for more combinations for TBS and number of RUs in the 32 entries of the table.
[bookmark: _Toc510695482][bookmark: _Toc510700220][bookmark: _Toc510700332][bookmark: _Toc510703301][bookmark: _Toc510729831]If a new Msg3 UL grant format is used for NB-IoT, the number of TBS candidates which the UE can autonomously select from does not have to be indicated in SI broadcast. 


[bookmark: _Ref510700296]LTE-M EDT
Since it was agreed by RAN2 to keep the same RAR format the UL grant needs to maintain the legacy size. According to Section 6.1.5 in 36.321, that means 20 bits for LTE-M CE mode A, and 12 bits for LTE-M CE mode B.
Using the reserved bit in RAR
For LTE-M the UL grant for Msg3 is specified in Table 6-2 in 36.213:
Table 6-2: Random Access Response Grant Content field size
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
	

	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 - 
	0

	Total Nr-bits
	20
	12



The TBS is further specified from the table below as shown in [4]:
[bookmark: _Ref496885364]Table 4. TBS tables for CE Mode A and CE Mode B.
		

	


	
	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


CE Mode A
		

	


	
	3
	6

	0
	56
	152

	1
	88
	208

	2
	144
	256

	3
	176
	328


CE Mode B


Since there are no spare bits or reserved values the situation is somewhat different than for NB-IoT. There are two possible solutions to cover the fallback to legacy UL grant:
1. Indication to toggle between legacy UL grant format and new EDT UL grant format. FFS if R-bit or other indication is to be used.
2. Always new EDT UL grant format or new interpretation of the fields in the UL grant.
Since the range of legacy TBSs are much wider for LTE-M, from practically 56 to 712 bits compared to 88 bits only for NB-IoT, it is impossible to provide the same range for fall-back to legacy using the same number of bits in the UL Grant. This may be of interest for a future proof solution, i.e. in order to provide a 32-bit shortResumeMAC-I. The only way to keep the same range is to go for alternative 1) and use and indication.
[bookmark: _Toc510695483][bookmark: _Toc510700229][bookmark: _Toc510700341][bookmark: _Toc510703326][bookmark: _Toc510729840]For LTE-M, if the full range of legacy TBSs are to be covered for the fall-back to legacy UL grant to be future proof, use a separate indication for  legacy interpretation of the UL grant.
 
Using legacy UL Grant format (with new interpretation of fields)
If the legacy UL grant format is to be used, a solution would be to introduce new alternative versions of Table 4 in order cover the EDT TB sizes and multiple TBS-choices. However, due the following RAN2 agreement: 
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 maximum EDT TBS must always be included, and NPRB and the number of repetitions should be configured accordingly. Therefore, it is pointless to include any EDT TBS tables for LTE-M and it would be more straightforward to indicate the TBS set the UE can select from as in Table 2 and use some of the 2-3 bits earlier used for TBS/MCS to extend the range for the number of repetition.
[bookmark: _Toc510700221][bookmark: _Toc510700333][bookmark: _Toc510703302][bookmark: _Toc510729832]If the legacy UL grant format is used for LTE-M, new EDT interpretation of the fields would be required.
This will likely be needed since according to the RAN2 agreement above, e.g. a TBS of 1000 bits will still have to be supported for the worst channel quality corresponding to ITBS=0. The parameters needed for Table 2, the maximum EDT TBS and number of TBSs to choose from, would as for NB-IoT be indicated per CE-level in SI broadcast. Therefore, we propose to make the following LTE-M addition to the running CR for 36.331 treated in email discussion [101#59] (additions as proposed in the running CR email discussion EDT in red and additions proposed herein in yellow):

RACH-CE-LevelInfo-r13 ::=		SEQUENCE {
	preambleMappingInfo-r13				SEQUENCE {
		firstPreamble-r13					INTEGER(0..63),
		lastPreamble-r13					INTEGER(0..63)
	},
	ra-ResponseWindowSize-r13			ENUMERATED {sf20, sf50, sf80, sf120, sf180,
													sf240, sf320, sf400},

	mac-ContentionResolutionTimer-r13	ENUMERATED {sf80, sf100, sf120,
													sf160, sf200, sf240, sf480, sf960},
	rar-HoppingConfig-r13				ENUMERATED {on,off},
	...,
	[[	edt-TBS-r15						ENUMERATED {320, 424, 504, 616, 712, 808, 936, 1000}
														 			  OPTIONAL,	-- Need OR
		edt-TBSselection-r15			ENUMERATED {n1, n2, n3, n4} OPTIONAL,	-- Need OR
		edt-lastPreamble-r15				INTEGER(0..63)	OPTIONAL		-- Need OR
	]]
}

For simplicity the same max TBS range as for EDT is proposed to be the same as for NB-IoT but omitting the highest value for CE mode B according to the RAN1 agreement:
[bookmark: _Toc510700230][bookmark: _Toc510700342][bookmark: _Toc510703327][bookmark: _Toc510729841]For LTE-M, the maximum TBS for EDT given per CE-level in SI broadcast is in the range {320, 424, 504, 616, 712, 808, 936, 1000} bits for CE mode A, and in the range {320, 424, 504, 616, 712, 808, 936} bits for CE mode B.
What is missing is the possibility to dynamically fallback to legacy behaviour (i.e. according to the RAN2 agreement “…unless the provided UL grant is for legacy Msg3”). Since the full range of legacy TBSs is more than what is practically useful for Msg3 transmission, the TBS could in this case be reduced to 1 bit, effectively indicating wither a legacy TBS size, e.g. 72 bits, or the max EDT TBS (which must always be included). The remaining bit could then be used to extend to range for the number of repetitions.
In the same way as for NB-IoT, a table like Table 2 would have to be defined for the UE selection of TB sizes and the number of TBs to choose from, ni, added as an IE in SI broadcast as in the example above.
[bookmark: _Toc510700222][bookmark: _Toc510700334][bookmark: _Toc510703303][bookmark: _Toc510729833]If the legacy Msg3 UL grant format is used for LTE-M, RAN1 needs to define the down-scaling to smaller TBSs with smaller numbers of repetitions.
[bookmark: _Toc510700223][bookmark: _Toc510700335][bookmark: _Toc510703304][bookmark: _Toc510729834]For LTE-M, fall-back to legacy grant is achieved by eNB providing the one of the legacy TB sizes. 
[bookmark: _Toc510700231][bookmark: _Toc510700343][bookmark: _Toc510703328][bookmark: _Toc510729842]If the legacy Msg3 UL grant format is used for LTE-M, the EDT Msg3 TBS range which the UE can autonomously select from is determined by the number of TBS candidates indicated in SI broadcast per CE-level. 

Using a new UL Grant format
For LTE-M the alternative solution is to, in the same way as for NB-IoT, use a new UL grant format which points to a TBS table indicating the EDT TBS set to choose from. 5 bits for the MCS index would here be available for both CE mode A and CE mode B by combining the indications in the UL grant for the number of repetitions and the MCS/TBS indication. 
[bookmark: _Toc510097793][bookmark: _Toc510695478][bookmark: _Toc510700224][bookmark: _Toc510700336][bookmark: _Toc510703305][bookmark: _Toc510729835]For LTE-M, a 5-bit MCS index could be used in the EDT grant to indicate the TBS and number of repetitions to be used.  
This index would indicate both which TBSs the UE could select from and the number of repetitions to be applied for each of them according to a table like the following:
Table 2: Index for EDT Msg3 PUSCH, TBS and explicit number of repetitions are bundled
	Index

	Number of repetitions for TBS1
	Number of repetitions for TBS2
	Number of repetitions for TBS3
	Number of repetitions for TBS4
	TBS 1
	TBS 2
	TBS 3
	TBS 4

	‘00000’
	2
	-
	-
	-
	72 bits
	-
	-
	-

	‘00001’
	12
	-
	-
	-
	72 bits
	-
	-
	-

	‘00010’
	4
	2
	1
	1
	936 bits
	712 bits
	504 bits
	320 bits

	‘00011’
	8
	4
	2
	2
	936 bits
	712 bits
	504 bits
	320 bits

	‘00100’
	8
	4
	2
	2
	1000 bits
	808 bits
	504 bits
	320 bits

	‘00101’
	16
	8
	-
	-
	1000 bits
	504 bits
	-
	-

	‘00110’
	16
	-
	-
	-
	1000 bits
	-
	-
	-

	:
	
	
	
	
	
	
	
	

	:
	
	
	
	
	
	
	
	

	‘11101’
	256
	128
	32
	32
	1000 bits
	808 bits
	504 bits
	320 bits

	‘11110’
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved

	‘11111’
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved
	reserved



In the same way as before, RAN1 would have to define the down-scaling of the number of repetitions for the smaller TB sizes such that it is clear to the UE. Further, some entries would cover the fall-back to legacy, i.e. row 1 and 2 with only a 72-bit TBS in the example above. (If it would be difficult to determine the legacy TBS value to use, also that could be semi-statically indicated in SI). But as for NB-IoT, in this case the number of TB sizes to choose from, ni, does not need to be indicated in SI, but doing so anyway would leave room for more combinations for TBS and number of repetitions in the 32 entries of the table.
[bookmark: _Toc510700225][bookmark: _Toc510700337][bookmark: _Toc510703306][bookmark: _Toc510729836]If a new Msg3 UL grant format is used for LTE-M, the number of TBS candidates which the UE can autonomously select from does not have to be indicated in SI broadcast. 
Conclusion
In Section 2 and 3 we made the following observations:
Observation 1	If the legacy Msg3 UL grant format is used for NB-IoT, RAN1 needs to define the down-scaling to smaller TBSs with smaller numbers of RUs.
Observation 2	For NB-IoT, fallback to legacy grant is achieved by eNB providing the MCS index for a legacy 88-bit TBS.
Observation 3	If a new Msg3 UL grant format is used for NB-IoT, 15 kHz subcarrier spacing only for EDT could be used to increase the number of bits for the MCS index from 3 to 5 in the EDT UL grant.
Observation 4	If a new Msg3 UL grant format is used for NB-IoT, the number of TBS candidates which the UE can autonomously select from does not have to be indicated in SI broadcast.
Observation 5	If the legacy UL grant format is used for LTE-M, new EDT interpretation of the fields would be required.
Observation 6	If the legacy Msg3 UL grant format is used for LTE-M, RAN1 needs to define the down-scaling to smaller TBSs with smaller numbers of repetitions.
Observation 7	For LTE-M, fall-back to legacy grant is achieved by eNB providing the one of the legacy TB sizes.
Observation 8	For LTE-M, a 5-bit MCS index could be used in the EDT grant to indicate the TBS and number of repetitions to be used.
Observation 9	If a new Msg3 UL grant format is used for LTE-M, the number of TBS candidates which the UE can autonomously select from does not have to be indicated in SI broadcast.

Based on the discussion in Section 2 and 3 we propose the following:
[bookmark: _GoBack]Proposal 1	For NB-IoT reserved R-bits in RAR are not used for EDT.
Proposal 2	For NB-IoT, the maximum TBS for EDT given per CE-level in SI broadcast is in the range {320, 424, 504, 616, 712, 808, 936, 1000} bits.
Proposal 3	If the legacy Msg3 UL grant format is used for NB-IoT, the EDT Msg3 TBS range which the UE can autonomously select from is determined by the number of TBS candidates indicated in SI broadcast per CE-level.
Proposal 4	For LTE-M, if the full range of legacy TBSs are to be covered for the fall-back to legacy UL grant to be future proof, use a separate indication for  legacy interpretation of the UL grant.
Proposal 5	For LTE-M, the maximum TBS for EDT given per CE-level in SI broadcast is in the range {320, 424, 504, 616, 712, 808, 936, 1000} bits for CE mode A, and in the range {320, 424, 504, 616, 712, 808, 936} bits for CE mode B.
Proposal 6	If the legacy Msg3 UL grant format is used for LTE-M, the EDT Msg3 TBS range which the UE can autonomously select from is determined by the number of TBS candidates indicated in SI broadcast per CE-level.
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