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Introduction
Early UL/DL data transmission (EDT) in Msg3/Msg4 is being introduced in Rel-15 for both NB-IoT UEs [1] and BL/CE UEs [2].
RAN2#101 sent the following response in an LS exchange with RAN1 [3][4][5][6]:
	RAN2 has discussed the TBS and UL grant for EDT Msg3 and made the following agreements:
· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.
· If new UL grant format is defined, it does not need to be backwards compatible.
· Same RAR format is used for EDT UEs.
· The EDT UL grant shall always allow the max TB size broadcasted in system information unless the provided UL grant is for legacy Msg3.
RAN2 has discussed the padding issue of EDT Msg3. From RAN2 point of view, it would be beneficial if the UE could choose a TB size that requires minimum number of padding bits from a set of possible TBS values according to the UL grant in RAR. RAN2 has made the following agreements pending on RAN1 confirmation about the feasibility:
· 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.
· 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 both NB-IoT and eMTC, RAN2 respectfully asks RAN1 to provide input on the feasibility of the above assumptions. If feasible, it is up to RAN1 to design a suitable way to provide TBS/MCS/RU. For eMTC, the reserved bit in MAC RAR can be used for the EDT feature in eMTC only if it is necessary.



For further background, see list of RAN1 agreements in [7] and RAN2 agreements for EDT (joint for NB-IoT UEs and BL/CE UEs) in [8].
Discussion
RAN2 has agreed that NPRACH partitioning is used to indicate a UE’s intention to use EDT in Msg3. This means that there is no strict need for maintaining the MAC RAR message for EDT backwards compatible with the MAC RAR message for non-EDT. However, it may still be beneficial from implementation reusability point of view if the changes are small compared to legacy. In the following we consider ways to adapt the UL grant for EDT without increasing the UL grant size and with the ambition to minimize the required changes while still achieving the desired flexibility.
Figure 1 shows the definition of the MAC RAR message for NB-IoT UEs [9]. As can be seen from the figure, the UL grant field is 4+8+3=15 bits. Table 1 shows the definitions of the UL grant field in the MAC RAR for NB-IoT [10]. Table 2 shows the definition of the MCS index field [10].


[bookmark: _Ref494242395]Figure 1: Definition of MAC RAR for NB-IoT

[bookmark: _Ref494242679]Table 1: Definition of RAR UL grant
	Contents
	Number of bits

	Uplink subcarrier spacing
	1

	Subcarrier indication field
	6

	Scheduling delay field
	2

	Msg3 repetition number
	3

	MCS index indicating TBS, modulation, and number of RUs for Msg3
	3

	Total Nr-bits
	15



[bookmark: _Ref506568778]Table 2: Definition of MCS index field
	
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
	reserved
	reserved
	reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved



According to the approach described in the reply LS from RAN2, there is no need to be able to dynamically indicate the TBS for EDT in the UL grant in RAR. Instead, the maximum TBS for each CE level is indicated in SIB, and the UE can optionally dynamically select a smaller TBS if the data in the UE buffer is smaller than this maximum TBS. We assume in the following that these up to 4 blind decoding candidates all have the same starting subframe and the same frequency-domain resource allocation.
RAN2 assumes that there are 8 possible configurable values for the maximum TBS. One possible range of 8 values is {328, 392, 440, 584, 680, 808, 936, 1000} bits. Table 3 shows the Rel-13 TBS table for NPUSCH in RRC_CONNECTED, with the mentioned values highlighted.
[bookmark: _Toc510784194][bookmark: _Toc510784228][bookmark: _Toc510784240][bookmark: _Toc510784267][bookmark: _Toc510784298][bookmark: _Toc510784631][bookmark: _Toc510784699][bookmark: _Toc510785001][bookmark: _Toc510785507][bookmark: _Toc510785527][bookmark: _Toc510785533][bookmark: _Toc510785829][bookmark: _Toc510785931][bookmark: _Toc510785944][bookmark: _Toc510786125][bookmark: _Toc510786290][bookmark: _Toc510786303][bookmark: _Toc510787048][bookmark: _Toc510787452][bookmark: _Toc510787685][bookmark: _Toc510787701][bookmark: _Toc510787746][bookmark: _Toc510788452][bookmark: _Toc510788475][bookmark: _Toc510788580][bookmark: _Toc510788602][bookmark: _Toc510788648][bookmark: _Toc510788716][bookmark: _Toc510789023][bookmark: _Toc510789179][bookmark: _Toc510789211][bookmark: _Toc510789245][bookmark: _Toc510789341][bookmark: _Toc510790245][bookmark: _Toc510790454][bookmark: _Toc510791075][bookmark: _Toc510791330][bookmark: _Toc510792077][bookmark: _Toc510792212][bookmark: _Toc510792339][bookmark: _Toc510792352][bookmark: _Toc510792360][bookmark: _Toc510808329][bookmark: _Toc510808410][bookmark: _Toc510808545][bookmark: _Toc510808658][bookmark: _Toc510808683][bookmark: _Toc510808703][bookmark: _Toc510808711][bookmark: _Toc510808823][bookmark: _Toc510809322][bookmark: _Toc510809530][bookmark: _Toc510809624][bookmark: _Toc510810050][bookmark: _Toc510810066][bookmark: _Toc510810074][bookmark: _Toc510810119][bookmark: _Toc510810372][bookmark: _Toc510810391][bookmark: _Toc510810399][bookmark: _Toc510810675][bookmark: _Toc510810762][bookmark: _GoBack]The range for the maximum TBS is {328, 392, 440, 584, 680, 808, 936, 1000} bits.

[bookmark: _Ref510790779]Table 3: Rel-13 TBS table for NPUSCH in RRC_CONNECTED
	ITBS
	NRU

	
	1
	2
	3
	4
	5
	6
	8
	10

	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
	

	8
	120
	256
	392
	536
	680
	808
	
	

	9
	136
	296
	456
	616
	776
	936
	
	

	10
	144
	328
	504
	680
	872
	1000
	
	

	11
	176
	376
	584
	776
	1000
	
	
	

	12
	208
	440
	680
	1000
	
	
	
	



Table 2 shows that the MCS index field has 3 bits, but only 3 out of 8 values are currently utilized, and in all 3 cases the TBS is 88 bits. The RAR UL grant should be able to support fall-back operation, i.e. when the UE’s request to do EDT is rejected by eNB and the UE should revert to legacy non-EDT Msg3 transmission. This can be accomplished by retaining the 3 MCS indices corresponding to 88 bits TBS. This leaves us with 5 reserved values that could be used for EDT grants without increasing the field size.
[bookmark: _Toc510790453][bookmark: _Toc510791073][bookmark: _Toc510791328][bookmark: _Toc510792082][bookmark: _Toc510792217][bookmark: _Toc510792344][bookmark: _Toc510792357][bookmark: _Toc510792365][bookmark: _Toc510808334][bookmark: _Toc510808415][bookmark: _Toc510808550][bookmark: _Toc510808656][bookmark: _Toc510808684][bookmark: _Toc510808704][bookmark: _Toc510808712][bookmark: _Toc510808824][bookmark: _Toc510809323][bookmark: _Toc510809531][bookmark: _Toc510809625][bookmark: _Toc510810051][bookmark: _Toc510810067][bookmark: _Toc510810075][bookmark: _Toc510810120][bookmark: _Toc510810373][bookmark: _Toc510810392][bookmark: _Toc510810400][bookmark: _Toc510810676][bookmark: _Toc510810763]The 5 reserved MCS indices are used for EDT and the 3 legacy MCS indices are used for fallback to non-EDT transmission.
As noted above, it is not necessary to dynamically indicate the TBS for EDT in the RAR UL grant, but it may still be beneficial for eNB to be able to indicate the number of RUs dynamically. A simple solution would be to let the 5 reserved values represent an absolute range of {2, 3, 4, 5, 6} RUs. If it is desired to also support 8 and 10 RUs, the interpretation of the 5 reserved values could depend on the configured maximum TBS for the CE level. However, here we propose to go for the simple solution with an absolute range.
[bookmark: _Toc510791074][bookmark: _Toc510791329][bookmark: _Toc510792083][bookmark: _Toc510792218][bookmark: _Toc510792345][bookmark: _Toc510792358][bookmark: _Toc510792366][bookmark: _Toc510808335][bookmark: _Toc510808416][bookmark: _Toc510808551][bookmark: _Toc510808657][bookmark: _Toc510808685][bookmark: _Toc510808705][bookmark: _Toc510808713][bookmark: _Toc510808825][bookmark: _Toc510809324][bookmark: _Toc510809532][bookmark: _Toc510809626][bookmark: _Toc510810052][bookmark: _Toc510810068][bookmark: _Toc510810076][bookmark: _Toc510810121][bookmark: _Toc510810374][bookmark: _Toc510810393][bookmark: _Toc510810401][bookmark: _Toc510810677][bookmark: _Toc510810764]The 5 reserved MCS indices are used to indicate {2, 3, 4, 5, 6} RUs for EDT.
RAN1 has already agreed that the use of TBS smaller than the configured maximum TBS (for the CE level) is enabled by eNB. To provide some granularity in this enabling, it may be beneficial if the number of possible smaller TBS that the eNB needs to be prepared to blindly decode is indicated in SIB.
[bookmark: _Toc510784632][bookmark: _Toc510784700][bookmark: _Toc510785002][bookmark: _Toc510785508][bookmark: _Toc510785528][bookmark: _Toc510785534][bookmark: _Toc510785830][bookmark: _Toc510785932][bookmark: _Toc510785945][bookmark: _Toc510786126][bookmark: _Toc510786291][bookmark: _Toc510786304][bookmark: _Toc510787049][bookmark: _Toc510787453][bookmark: _Toc510787686][bookmark: _Toc510787702][bookmark: _Toc510787747][bookmark: _Toc510788476][bookmark: _Toc510788581][bookmark: _Toc510788603][bookmark: _Toc510788649][bookmark: _Toc510788717][bookmark: _Toc510789024][bookmark: _Toc510789180][bookmark: _Toc510789212][bookmark: _Toc510789246][bookmark: _Toc510789342][bookmark: _Toc510790246][bookmark: _Toc510790455][bookmark: _Toc510791076][bookmark: _Toc510791331][bookmark: _Toc510792078][bookmark: _Toc510792213][bookmark: _Toc510792340][bookmark: _Toc510792353][bookmark: _Toc510792361][bookmark: _Toc510808330][bookmark: _Toc510808411][bookmark: _Toc510808546][bookmark: _Toc510808659][bookmark: _Toc510808686][bookmark: _Toc510808706][bookmark: _Toc510808714][bookmark: _Toc510808826][bookmark: _Toc510809325][bookmark: _Toc510809533][bookmark: _Toc510809627][bookmark: _Toc510810053][bookmark: _Toc510810069][bookmark: _Toc510810077][bookmark: _Toc510810122][bookmark: _Toc510810375][bookmark: _Toc510810394][bookmark: _Toc510810402][bookmark: _Toc510810678][bookmark: _Toc510810765]The number of (up to 4) possible smaller TBS that eNB needs to blindly decode is indicated in SIB per CE level.
[bookmark: _Hlk510809511][bookmark: _Hlk510809583]Given a configured maximum TBS (for the CE level), a configured maximum number of blind decodes (for the CE level), and the resource allocation (number of RUs), the possible smaller TBS values (that the UE can select between to avoid excessive padding) can be derived from a table hardcoded in the specification. For example, if the maximum TBS is 1000 bits, and the number of RUs is 4, then a suitable hardcoded range is e.g. {392, 536, 680, 1000} bits (cf. Table 3).
[bookmark: _Toc510785509][bookmark: _Toc510785529][bookmark: _Toc510785535][bookmark: _Toc510785831][bookmark: _Toc510785933][bookmark: _Toc510785946][bookmark: _Toc510786127][bookmark: _Toc510786292][bookmark: _Toc510786305][bookmark: _Toc510787050][bookmark: _Toc510787454][bookmark: _Toc510787687][bookmark: _Toc510787703][bookmark: _Toc510787748][bookmark: _Toc510788582][bookmark: _Toc510788604][bookmark: _Toc510788650][bookmark: _Toc510788718][bookmark: _Toc510789025][bookmark: _Toc510789181][bookmark: _Toc510789213][bookmark: _Toc510789247][bookmark: _Toc510789343][bookmark: _Toc510790247][bookmark: _Toc510790456][bookmark: _Toc510791077][bookmark: _Toc510791332][bookmark: _Toc510792079][bookmark: _Toc510792214][bookmark: _Toc510792341][bookmark: _Toc510792354][bookmark: _Toc510792362][bookmark: _Toc510808331][bookmark: _Toc510808412][bookmark: _Toc510808547][bookmark: _Toc510808660][bookmark: _Toc510808687][bookmark: _Toc510808707][bookmark: _Toc510808715][bookmark: _Toc510808827][bookmark: _Toc510809326][bookmark: _Toc510809534][bookmark: _Toc510809628][bookmark: _Toc510810054][bookmark: _Toc510810070][bookmark: _Toc510810078][bookmark: _Toc510810123][bookmark: _Toc510810376][bookmark: _Toc510810395][bookmark: _Toc510810403][bookmark: _Toc510810679][bookmark: _Toc510810766]The possible smaller TBS values are derived from the configured maximum TBS (for the CE level), the configured maximum number of blind decodes (for the CE level), and the resource allocation (number of RUs).
The number of NPUSCH repetitions indicated in the RAR UL grant applies when the UE selects the maximum TBS (indicated in SIB). When the UE selects a smaller TBS, to save power the number of NPUSCH repetitions should be scaled down proportionally with the TBS.
[bookmark: _Toc510785832][bookmark: _Toc510785934][bookmark: _Toc510785947][bookmark: _Toc510786128][bookmark: _Toc510786293][bookmark: _Toc510786306][bookmark: _Toc510787051][bookmark: _Toc510787455][bookmark: _Toc510787688][bookmark: _Toc510787704][bookmark: _Toc510787749][bookmark: _Toc510788651][bookmark: _Toc510788719][bookmark: _Toc510789026][bookmark: _Toc510789182][bookmark: _Toc510789214][bookmark: _Toc510789248][bookmark: _Toc510789344][bookmark: _Toc510790248][bookmark: _Toc510790457][bookmark: _Toc510791078][bookmark: _Toc510791333][bookmark: _Toc510792080][bookmark: _Toc510792215][bookmark: _Toc510792342][bookmark: _Toc510792355][bookmark: _Toc510792363][bookmark: _Toc510808332][bookmark: _Toc510808413][bookmark: _Toc510808548][bookmark: _Toc510808661][bookmark: _Toc510808688][bookmark: _Toc510808708][bookmark: _Toc510808716][bookmark: _Toc510808828][bookmark: _Toc510809327][bookmark: _Toc510809535][bookmark: _Toc510809629][bookmark: _Toc510810055][bookmark: _Toc510810071][bookmark: _Toc510810079][bookmark: _Toc510810124][bookmark: _Toc510810377][bookmark: _Toc510810396][bookmark: _Toc510810404][bookmark: _Toc510810680][bookmark: _Toc510810767]When the UE selects a smaller TBS than the maximum TBS (indicated in SIB), the number of NPUSCH transmissions is scaled down proportionally (details FFS).
To avoid complicating the HARQ retransmission mechanism unnecessarily, it may be beneficial to base the physical channel timing relationships on the number of Msg3 NPUSCH repetitions indicated in the RAR UL grant rather than the transmitted (possibly down-scaled) number of repetitions.
[bookmark: _Toc510785935][bookmark: _Toc510785948][bookmark: _Toc510786129][bookmark: _Toc510786294][bookmark: _Toc510786307][bookmark: _Toc510787052][bookmark: _Toc510787456][bookmark: _Toc510787689][bookmark: _Toc510787705][bookmark: _Toc510787750][bookmark: _Toc510788652][bookmark: _Toc510788720][bookmark: _Toc510789027][bookmark: _Toc510789183][bookmark: _Toc510789215][bookmark: _Toc510789249][bookmark: _Toc510789345][bookmark: _Toc510790249][bookmark: _Toc510790458][bookmark: _Toc510791079][bookmark: _Toc510791334][bookmark: _Toc510792081][bookmark: _Toc510792216][bookmark: _Toc510792343][bookmark: _Toc510792356][bookmark: _Toc510792364][bookmark: _Toc510808333][bookmark: _Toc510808414][bookmark: _Toc510808549][bookmark: _Toc510808662][bookmark: _Toc510808689][bookmark: _Toc510808709][bookmark: _Toc510808717][bookmark: _Toc510808829][bookmark: _Toc510809328][bookmark: _Toc510809536][bookmark: _Toc510809630][bookmark: _Toc510810056][bookmark: _Toc510810072][bookmark: _Toc510810080][bookmark: _Toc510810125][bookmark: _Toc510810378][bookmark: _Toc510810397][bookmark: _Toc510810405][bookmark: _Toc510810681][bookmark: _Toc510810768]Physical channel timing relationships are based on the number of Msg3 NPUSCH repetitions indicated in the RAR UL grant, regardless of the number of transmitted repetitions.
With the approach outlined in this contribution, the field definitions in the RAR UL grant are essentially maintained. However, if some need to extend some field would be identified, it should be noted that assuming that it is not considered necessary to support 3.75 kHz subcarrier spacing in EDT, the Uplink subcarrier spacing field can be removed from the UL grant, and the Subcarrier indication field size can be reduced from 6 bits to 5 bits since only 19 values are needed as can be seen in Table 4 [10].
[bookmark: _Toc498606032][bookmark: _Toc498606176][bookmark: _Toc498606190][bookmark: _Toc498606197][bookmark: _Toc498606217][bookmark: _Toc498607168][bookmark: _Toc498696774][bookmark: _Toc498697380][bookmark: _Toc498697663][bookmark: _Toc498698958][bookmark: _Toc498699458][bookmark: _Toc498699846][bookmark: _Toc498699851][bookmark: _Toc498700385][bookmark: _Toc506468582][bookmark: _Toc506468704][bookmark: _Toc506468802][bookmark: _Toc506468960][bookmark: _Toc506469411][bookmark: _Toc506469541][bookmark: _Toc506469625][bookmark: _Toc506469901][bookmark: _Toc506469917][bookmark: _Toc506568702][bookmark: _Toc506568804][bookmark: _Toc506569800][bookmark: _Toc506569810][bookmark: _Toc506570036][bookmark: _Toc506570207][bookmark: _Toc506570221][bookmark: _Toc506570250][bookmark: _Toc506570754][bookmark: _Toc506571908][bookmark: _Toc506571975][bookmark: _Toc506572132][bookmark: _Toc506572351][bookmark: _Toc506572845][bookmark: _Toc506573216][bookmark: _Toc506573819][bookmark: _Toc506573838][bookmark: _Toc506573852][bookmark: _Toc506573863][bookmark: _Toc506573878][bookmark: _Toc506574155][bookmark: _Toc506574168][bookmark: _Toc506575186][bookmark: _Toc506576446][bookmark: _Toc506576510][bookmark: _Toc506576528][bookmark: _Toc506588484][bookmark: _Toc510787677][bookmark: _Toc510787709][bookmark: _Toc510787724][bookmark: _Toc510787741][bookmark: _Toc510787763][bookmark: _Toc510787866][bookmark: _Toc510787909][bookmark: _Toc510787929][bookmark: _Toc510787970][bookmark: _Toc510788185][bookmark: _Toc510788454][bookmark: _Toc510788478][bookmark: _Toc510788584][bookmark: _Toc510788606][bookmark: _Toc510788654][bookmark: _Toc510788715][bookmark: _Toc510789028][bookmark: _Toc510789184][bookmark: _Toc510789216][bookmark: _Toc510789250][bookmark: _Toc510789346][bookmark: _Toc510790250][bookmark: _Toc510790459][bookmark: _Toc510791080][bookmark: _Toc510791335][bookmark: _Toc510792084][bookmark: _Toc510792219][bookmark: _Toc510792346][bookmark: _Toc510792359][bookmark: _Toc510792367][bookmark: _Toc510808336][bookmark: _Toc510808417][bookmark: _Toc510808552][bookmark: _Toc510808663][bookmark: _Toc510808690][bookmark: _Toc510808710][bookmark: _Toc510808718][bookmark: _Toc510808830][bookmark: _Toc510809329][bookmark: _Toc510809537][bookmark: _Toc510809631][bookmark: _Toc510810057][bookmark: _Toc510810073][bookmark: _Toc510810081][bookmark: _Toc510810126][bookmark: _Toc510810379][bookmark: _Toc510810398][bookmark: _Toc510810406][bookmark: _Toc510810682][bookmark: _Hlk506574920][bookmark: _Toc510810769]If a need to increase some field in the EDT RAR UL grant is identified, consider removing the Uplink subcarrier spacing field (1 bit) and reducing the Subcarrier indication field size from 6 bits to 5 bits.


[bookmark: _Ref506569833]Table 4: Definition of Subcarrier indication field (with )
	
Subcarrier indication field ()
	
Set of Allocated subcarriers () 

	0 – 11
	


	12-15
	


	16-17
	


	18
	


	19-63
	Reserved



Conclusion
We propose the following:
Proposal 1	The range for the maximum TBS is {328, 392, 440, 584, 680, 808, 936, 1000} bits.
Proposal 2	The 5 reserved MCS indices are used for EDT and the 3 legacy MCS indices are used for fallback to non-EDT transmission.
Proposal 3	The 5 reserved MCS indices are used to indicate {2, 3, 4, 5, 6} RUs for EDT.
Proposal 4	The number of (up to 4) possible smaller TBS that eNB needs to blindly decode is indicated in SIB per CE level.
Proposal 5	The possible smaller TBS values are derived from the configured maximum TBS (for the CE level), the configured maximum number of blind decodes (for the CE level), and the resource allocation (number of RUs).
Proposal 6	When the UE selects a smaller TBS than the maximum TBS (indicated in SIB), the number of NPUSCH transmissions is scaled down proportionally (details FFS).
Proposal 7	Physical channel timing relationships are based on the number of Msg3 NPUSCH repetitions indicated in the RAR UL grant, regardless of the number of transmitted repetitions.
Proposal 8	If a need to increase some field in the EDT RAR UL grant is identified, consider removing the Uplink subcarrier spacing field (1 bit) and reducing the Subcarrier indication field size from 6 bits to 5 bits.
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