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1 Introduction
In RAN1 92bis meeting [1], the following agreement was achieved for early data transmission during RACH.
	RAN1#92bis agreements:
· The 8 maximum TBS is {1000, 936, 808, 680, 584, 504, 408, 328}.

· Only values of NRU and values of TBS in legacy Rel-13 NPUSCH table can be used for EDT 

· For each of the 8 maximum TBS values

· For each of the Rel-13 reserved ‘MCS index’ states there is one number of RUs

· The number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy NPUSCH repetition numbers (FFS how) 

· Potential new numbers of repetitions may include multiple of 4 or 8
· The 8 maximum TBS values are: 1000, 936, 808, 680, 584, 504, 408, 328 bits

· For 1000 bits max TBS: I_RU = 3, 4, 5, 6, 7

· For 936 bits max TBS: I_RU = 3, 4, 5, 6, 7 

· For 808 bits max TBS: I_RU = 3, 4, 5, 6, 7

· For 680 bits max TBS: I_RU = 2, 3, 4, 6, 7

· For 584 bits max TBS: I_RU = 2, 3, 4, 5, 6

· For 504 bits max TBS: I_RU = 2, 3 4, 5, 6

· For 408 bits max TBS: I_RU = 2, 3, 4, 5, 6

· For 328 bits max TBS: I_RU = 2, 3, 4, 5, 6

· The 3 legacy MCS indices are used for fallback to non-EDT transmission;

· The use of TBS smaller than the maximum configured is configured per CE level in SIB.
· Per cell, in the below, Ti < Ti+1, eNB can configure that the UE chooses from:

· When there are 4 permitted actual transmitted TBS {T1, T2, T3, T4}

· T2 or T4
· T1, or T2, or T3, or T4
· When there are 3 permitted actual transmitted TBS {T1, T2, T3}

· T2 or T3
· T1 or T2 or T3
· When there are 2 permitted actual transmitted TBS {T1, T2}

· T1 or T2
· Ti with the maximum value of i is the maximum TBS in SIB.
· Up to 4 TBS values are defined based on only the maximum broadcast TBS
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In this contribution, we will discuss the remaining issues of the EDT with focus on the determination of repetitions based on actually selected TBS and the HARQ timing determination. 
2 Discussion
In EDT, SIB configures the maximum TBS supported by current EDT. Then, up to 4 TBS are to be determined according to this maximum TBS. Reserved MCS indexes in the UL grant of RAR would further indicate the amount of the resource units. On the UE side, it would select one actual TBS out of the TBS set determined by maximum TBS. Accordingly, under specific resource allocation, the required number of repetitions would change according to the actually selected TBS to satisfy the receiving requirement. Table.1 shows an example of mapping relationship among assigned resource, TBS value and the number of repetition when the maximum TBS is 1000 bits. On the eNB side, since it is unaware of the selected TBS value and number of repetition performed, eNB would only perform blind decoding by assuming different TBS values and different number of repetitions. 

During the procedure discussed above, two remaining issues need further consideration. One is the setting of repetition number and the other is HARQ timing determination. We will discuss these two issues one by one in the following subsections. 
Table 1 Example of mapping relationship among assigned resource, TBS value and the number of repetitions

	
	Reserved MCS status
	Assigned N_RU
	TBS sets 
	Repetition number 

	Maximum TBS 1000 bits  indicated by SIB
	011
	3
	328 
	N1

	
	
	
	536 
	N2

	
	
	
	776 
	N3

	
	
	
	1000
	N4

	
	100
	4
	328 
	M1

	
	
	
	536 
	M2

	
	
	
	776 
	M3

	
	
	
	1000
	M4

	
	101
	5
	328 
	X1

	
	
	
	536 
	X2

	
	
	
	776 
	X3

	
	
	
	1000
	X4

	
	110
	6
	328 
	Y1

	
	
	
	536 
	Y2

	
	
	
	776 
	Y3

	
	
	
	1000
	Y4

	
	111
	7
	328 
	Z1

	
	
	
	536 
	Z2

	
	
	
	776 
	Z3

	
	
	
	1000
	Z4


2.1 Repetition number setting
In the previous UL scheduling, UL grant directly indicates the exact number of repetitions for one specific TBS configured in UL grant as well. However, in the EDT, there are up to 4 TBS choices on the UE side and then up to 4 repetition number need to be informed to UE. Considering the large impact on the DCI size the DCI content, it is not realistic to indicate e.g., up to 4 repetition numbers via the DCI. Some other solutions should be considered. To address this issue, the following options are possible. 
· Option 1:  In this option, for each possible TBS, higher layer will configure one set of candidate repetitions as shown in Table.2. Then on the eNB side, the repetition number field in DCI indicates the index of the candidate repetitions according to the channel status of this UE. On the UE side, UE determines the final actual number of repetitions based on the selected TBS. As shown in the example, DCI indicates the candidate repetition #3 will be used and TBS 3 is selected on UE side. Then R33 is set as the actual number of repetitions. 
Table 2 Example of configuration of repetitions in higher layer
[image: image1.emf]Candidate Rep.#1 Candidate Rep.#2 Candidate Rep.#3 Candidate Rep.#4

TBS 1 R11 R12 R13 R14

TBS 2 R21 R22 R23 R24

TBS 3 R31 R32 R33 R34

TBS 4 R41 R42 R43 R44

Indicated by DCI

Selected by UE


· Option 2: In this option, eNB could indicate one value of repetitions based on one reference TBS value in current channel status. For example, this reference TBS value could be the maximum TBS indicated by SIB. By inputting the factors of the indicated number of repetitions and the relationship between the reference TBS and the actually selected TBS into certain predefined rule, the actual repetition number can be derived accordingly

Compared with option 1, option 2 doesn’t change the configuration of candidate repetition numbers in higher layer. Hence, less signaling overhead is incurred and there is little standardization impact on the higher layer design. Considering these benefits provided in option 2, we show slight preference on it. On the other hand, the predefined rule for the derivation of actual repetition number in option 2 should be carefully designed by taking the receiving requirement in current channel status and the resource utilization efficiency into consideration. 
Proposal 1: 
· The number of repetitions indicated in DCI is set based on one reference TBS
· The actual number of repetitions can be derived by the indicated number of repetitions, reference TBS and the actual TBS based on certain predefined rule. 
2.2 HARQ timing determination
For the normal UL transmission, the HARQ feedback will happen after n+3 ms, where n the end of the actual UL transmission. In EDT, if the same principle is followed, some ambiguity issue would happen on the eNB side. 
In EDT, since there are several possible number of repetitions for the UL transmission and eNB is unaware of the actual number of repetitions, eNB can only perform the blind decoding by assuming different TBS and repetitions as shown in Fig.1. When eNB fails in decoding the transmission block by assuming certain TBS and corresponding number of repetitions, eNB don’t know whether there is transmission failure or just use different TBS and repetitions from the UE’s selection. Then eNB will be confused whether to trigger the retransmission after 3ms. As shown in the example in Fig.1, UE selects TBS3 and corresponding repetition number of R3 for the Msg.3 transmission. When eNB tries to decode the transmission block by assuming TBS1combined with R1 repetitions and TBS2 combined with R2 repetitions, eNB can’t recover transmission data definitely. But in this case, eNB doesn’t know whether this is transmission failure or UE just selected TBS3 combined with R3 repetitions or TBS4 combined with R4 repetitions for transmission. 
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Figure 1 Example of blind decoding on eNB side
To avoid the confusion on the eNB side, one simple solution is to set the reference point of HARQ timing determination as the end of maximum repetitions as shown in Fig. 2. That is to say, eNB would perform the HARQ feedback operation 3ms after the end of the maximum repetitions instead of the actual repetitions and UE starts to monitor the HARQ feedback at that time as well. By this way, eNB could try all the possibilities of TBS and repetitions and then the ambiguity on the HARQ timing determination can be eliminated. 
Proposal 2: The reference point of the HARQ timing determination is set as the end of maximum repetitions for this transmission
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Figure 2 Example of proposed HARQ feedback determination
3 Conclusion
In this contribution, we discussed the remaining issues of EDT topic. Our views are summarized as follows 
Proposal 1: 
· The number of repetitions indicated in DCI is set based on one reference TBS

· The actual number of repetitions can be derived by the indicated number of repetitions, reference TBS and the actual TBS based on certain predefined rule. 
Proposal 2: The reference point of the HARQ timing determination is set as the end of maximum repetitions configured/ derived for this transmission
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