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1 Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #92 meeting, agreements regarding early data transmission were made as follows [1].
	Agreement 
· 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.

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


In RAN2 #101 meeting, the following agreements were also made [2].
	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.



In this contribution, we provide our views on the method for determining the TBS and RU for early data transmission for NB-IoT. 
2 Discussion
2.1 MCS index for Msg3 NPUSCH
Based on the agreements made in the last RAN1 and RAN2 meeting, Alternative 4 for signaling the MCS/TBS/RU in the agreements made in RAN1 #91 meeting is the only alternative that is aligned with the latest agreements. Therefore, the MCS index field in RAR will remain as 3 bits. The maximum TBS broadcasted in SIB-NB and the 4 possible TBS are to be chose from the Rel-13 NB-IoT NPUSCH TBS table. Therefore, the TBS that are larger than 320 bits in the columns corresponding to IRU=1,…,7 can be used.
From the agreements, there is at most 8 MCS index in the MCS table, if the top 3 rows defined for legacy Msg3 is not kept. In our view, the top 3 rows defined for legacy Msg3 can facilitate fallback operation, so it is preferred to keep them. Therefore, there are 5 rows left in the MCS table to indicate the possible TBS. We can indicate the fixed 4 possible TBS corresponding to a RU in the MCS table. However, when the maximum TBS is smaller than some possible TBS in the MCS table, the number of possible TBS can be used is reduced. Therefore, we prefer not to use the MCS table to indicate the 4 possible TBS. Instead, a rule should be defined to determine the 4 possible TBS based on the maximum TBS.
Observation 1: Using the MCS table to indicate the 4 possible TBS may result in less than 4 possible TBS to choose from.
Since the NPRACH preamble for early data transmission is configured per CE level, it is reasonable to define a MCS table for each CE level, given that only 5 rows can be used. For example, Table 1, Table 2 and Table 3 are used for CE level 0, 1 and 2, respectively.
	
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’
	
	QPSK
	2
	

	‘100’
	
	QPSK
	3
	

	‘101’
	
	QPSK
	4
	

	‘110’
	
	QPSK
	5
	

	‘111’
	
	QPSK
	6
	


Table 1
	
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’
	
	QPSK
	3
	

	‘100’
	
	QPSK
	4
	

	‘101’
	
	QPSK
	5
	

	‘110’
	
	QPSK
	6
	

	‘111’
	
	QPSK
	8
	


Table 2
	
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’
	
	QPSK
	4
	

	‘100’
	
	QPSK
	5
	

	‘101’
	
	QPSK
	6
	

	‘110’
	
	QPSK
	8
	

	‘111’
	
	QPSK
	10
	


Table 3
Proposal 1: Different MCS tables for Msg3 NPUSCH are used for different CE levels.

2.2 TBS determination
The 4 possible TBS should be selected from the Rel-13 NB-IoT NPUSCH TBS table, based on the maximum TBS. A rule can be defined to select the 4 possible TBS the UE can choose from. The following steps is one way to minimize the step size between the 4 selected TBS.
Step 1: The UE determine the column of the Rel-13 NB-IoT NPUSCH TBS table to select the 4 possible TBS based on the number of RU signaled in RAR.
Step 2: The TBS that is smaller and closest to, or equal to the maximum TBS signaled in SIB-NB in the column is selected.
Step 3: The minimum TBS in the column that is larger than 320 bits is selected
Step 4: Select the remaining up to two TBS as follows:
· If TBS 1000 is selected
· For IRU=3, select 776, 536
· For IRU=4, select 776, 584
· For IRU=5, select 808, 600
· If remaining 2 possible TBS is to be selected from 5 available values, the every other TBS from the already selected 2 TBS in the column is selected.
· If remaining 2 possible TBS is to be selected from 4 available values, the TBS 1 and 3 rows away from the maximum already selected TBS in the column is selected.
· If remaining 2 possible TBS is to be selected from 3 available values, the TBS 1 and 2 rows away from the maximum already selected TBS in the column is selected.
· If remaining 2 possible TBS is to be selected from 2 or less than 2 available values, then the all the available values are selected.

Proposal 2: The possible value is selected based on a predefined rule, and based on the maximum TBS signaled in SIB-NB.

2.3 Collision Avoidance
[bookmark: _GoBack]If more than one UE use the same NPRACH preamble for early data transmission, Msg3 with data from different UEs will collide on the same resource. If eNB failed to decode the initial transmission of Msg3, eNB can schedule Msg3 retransmission. However, the collision situation will still happen for Msg3 retransmission, and eNB may not succeed in decoding the Msg3 after many times of retransmission, especially for Msg3 carrying data up to 1000 bits. Thus, it is preferred to have methods to lower the probability of collision to improve the resource utilization efficiency. To achieve this goal, one possible way is to also let the UE to choose the number of RUs. For example, a UE can choose to use only half of the RUs if possible TBS corresponding to half of the RUs signaled in RAR can fit the UE’s Msg3 with data, and the UE randomly choose the 2 possible start times, i.e., original start time or the end time for transmitting the first half of the RUs, to transmit Msg3 with data if it chooses to use only half of the RUs signaled in the RAR. The spec can include the possible number of RUs explicitly in the MCS table, as in Table 4.
	
MCS Index

	Modulation




 or and
	Modulation



and
	Number of RUs


	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’
	
	QPSK
	4
	2
	

	‘100’
	
	QPSK
	5
	
	

	‘101’
	
	QPSK
	6
	3
	

	‘110’
	
	QPSK
	8
	4
	

	‘111’
	
	QPSK
	10
	5
	


Table 4
Proposal 3: UE can choose to use less number of RUs than that signaled in RAR and transmit the Msg3 with delayed starting time.


3 Conclusions
Based on the discussion, we have the following observation and proposals.
Observation 1: Using the MCS table to indicate the 4 possible TBS may result in less than 4 possible TBS to choose from.
Proposal 1: Different MCS tables for Msg3 NPUSCH are used for different CE levels.
Proposal 2: The possible value is selected based on a predefined rule, and based on the maximum TBS signaled in SIB-NB.
Proposal 3: UE can choose to use less number of RUs than that signaled in RAR and transmit the Msg3 with delayed starting time.
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