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Introduction
The WID of further NB-IoT enhancements [1] includes further latency and power consumption reduction as one set of objectives of the work item as follows:
A-1. Further latency and power consumption reduction
· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3]

In RAN1#90bis, following agreements were achieved and an LS (R2-1711977) from RAN2 was received to ask for RAN1’s feedback.
Agreements:
· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.
· FFS if and how there will also be a larger supported maximum total TBS
· 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 for 88 bits instead
· Send LS to RAN2 informing the above (Xiaolei, HiSilicon, R1-1719100) (including eMTC agreements)
Discussion
1.1 UL grant format
UL grant for Msg3 is included in the RAR to the UE who is sending the associated NPRACH preamble. Figure 1 shows the format of RAR MAC PDU for NB-IoT. It can be observed that there are 15 bits in the UL grant field. Also there are 5 bits reserved for future purposes. Hence, it is feasible to increase the UL grant field size if needed.
Observation 1: It is feasible to extend UL grant field length to convey more information, e.g. more TBS/MCS values in UL grant.

[image: ]
Figure 1 MAC RAR for NB-IoT
According to TS 36.213, currently UL grant field for Msg2 includes:

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

-	Subcarrier indication field  as determined in subclause 16.5.1.1 – 6 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




There is no need to change the fields , , and . Regarding MCS index indicating TBS, modulation, and number of RUs, this does need changing for larger TBS transmission. However, there are five states reserved in the TBS/MCS table for Msg3, which can be used for larger TBS and MCS indication for Msg3. The new supported TBS and MCS values could be fixed in the table in the specification, however for better flexibility on the supported TBS of Msg3, it is proposed to make the table of TBS/MCS combination configurable for the reserved states through system information.
Proposal 1: TBS/MCS for data in Msg3 is configured through system information for the five remaining reserved states in MCS index table of UL grant for Msg3.
Therefore according to the current agreements and progress in RAN2, it is not necessary to extend the field length of UL grant for Msg3 in RAR MAC PDU, and only the reserved states need to be specified to be configurable by system information. However, there are still discussions in RAN2 on whether further NPRACH partitioning is used for indicating TBS ranges. If more TBS values need to be indicated through UL grant, it would be necessary to extend the UL grant field length in RAR MAC PDU. 
Observation 2: There is no need to extend the field length of UL grant for Msg3 in RAR MAC PDU according to current agreements in RAN2, however, it may need to be revisited if RAN2 makes certain agreements, e.g. further NPRACH partitioning for more TBS indication in UL grant in RAR.
Proposal 2: Inform RAN2 of Observation 1, 2 and Proposal 1.
Table 16.3.3-1 in TS 36.213: MCS index for 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
	reserved
	reserved
	reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved



1.2 TBS of Msg3
In RAN1#90bis, it was agreed that it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits. It is FFS on whether and how a larger TBS can be supported for early data transmission in Msg3.
The main concern is a larger TBS than 1000 bits may block the usage of early data transmission for Category NB1 UE. It should be clear that UE with category NB1 is able to use early data transmission in Msg3. If a larger TBS value than 1000 bits needs to be supported, the usage of Msg3 to transmit early data should not be blocked for Cat-NB1 UE due to eNB not knowing the category of the UE and over-estimating the grant to provide. If a method similar to Rel-14 SC-PTM is used, there are lost opportunities for the NB1 UE to have sent early data compared to if there was a common understanding between eNB and UE.
Proposal 3: Early data transmission in Msg3 is designed so that a Cat NB1 UE is not precluded from transmitting Msg3 with early data in response to a grant with TBS larger than 1000 bits. If such a design is not feasible, then the maximum TBS for Msg3 is 1000 bits. 

Conclusion
This contribution discusses some further details of early data transmission in Msg3 and proposes answers to RAN2’s questions.
Observation 1: It is feasible to extend UL grant field length to convey more information, e.g. more TBS/MCS values in UL grant.
Observation 2: There is no need to extend the field length of UL grant for Msg3 in RAR MAC PDU according to current agreements in RAN2, however, it may need to be revisited if RAN2 makes certain agreements, e.g. further NPRACH partitioning for more TBS indication in UL grant in RAR.
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Proposal 1: TBS/MCS for data in Msg3 is configured through system information for the five remaining reserved states in MCS index table of UL grant for Msg3.
Proposal 2: Inform RAN2 of Observation 1, 2 and Proposal 1.
Proposal 3: Early data transmission in Msg3 is designed so that a Cat NB1 UE is not precluded from transmitting Msg3 with early data in response to a grant with TBS larger than 1000 bits. If such a design is not feasible, then the maximum TBS for Msg3 is 1000 bits. 
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