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Discussion and Decision
1 Introduction

In RAN1#92bis, it was agreed that –

· 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.
In this contribution, we consider remaining details of early data transmission during random access procedure for NB-IoT.
2 Repetition Adjustment
In RAN1#92bis, the agreed TBS table is given in Table 1. 

Table 1. TBS Table for EDT.
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It was also agreed in RAN1#92bis that the number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy NPUSCH repetition numbers. This is shown in Figure 1 where eNB processing and blind decoding attempts are illustrated.
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Figure 1. eNB processing for blind decoding attempts with different number of repetitions.
To achieve the target BLER, the UE can adjust the number of repetitions to try to maintain similar MCS as the reference TBS configured by the eNB. For instance, if the UE reduces the TBS by half, then it can reduce the number of repetitions by half as well. Otherwise there would be a waste of NPUSCH resource when the UE selects lower TBS value.
Proposal 1: The UE adjusts its number of repetitions based on the reference (i.e. maximum configured) and actual TBS.
One simple approach is to scale according to the relative change in the TBS. This can be done using a simple formula – e.g. calculate K = ceil(Nrep*(TBS_new/TBS_ref)) then the smallest number of repetition greater than K can be selected. This adjustment, however, is coarse since, for NPUSCH, the supported numbers of repetitions are {1, 2, 4, 8, 16, 32, 64, 128}. For instance, if the reference TBS is 1000 and UE selects 776, the appropriate repetition adjustment will be 0.78 times the indicated number of repetitions. However, if eNB indicates 64 as the number of repetitions, the UE cannot adjust down to 32 as that would be too low. In this case, the UE would have to still use 64. Additional fine adjustment with respect to UE transmission power may be considered. Otherwise there would be no overhead saving with adjusting the number of repetitions. Therefore, it is proposed to introduce new number of repetitions.
Proposal 2: New number of repetitions may be used when adjusting the number of repetitions.
In RAN1#92bis, it was agreed that potential new numbers of repetitions may include multiple of 4 or 8. This is because the NPUSCH repetition pattern is realized by cyclic repetition where each repetition is repeated 4 times in case of multi-tone transmission. Although there is no particularly strong reason to do this when adjusting the number of repetitions, it might be easier for some implementation to do it this way. Multiple of 8, however, does not offer good granularity, especially for 16 to 64 repetitions. Therefore, if new numbers of repetitions are to be multiple of 4 or 8, it is proposed that 4 is chosen.
Proposal 3: If new numbers of repetitions are to be multiple of 4 or 8, choose 4.
With respect to numbers of repetitions, two approaches may be considered. One is to define a new set e.g. {1, 2, 4, 8, 12, 16, 24, 32, 40, 48, 52, 64, 88, 104, 128} then select a value from this set when adjusting. The other approach is to simply use formula – e.g. K = 4*ceil(ceil(Nrep*(TBS_new/TBS_ref))/4) without having to specifically define new numbers of repetitions. It seems simpler and more beneficial to just use the formula.
3 EDT Retransmission
In RAN1#92bis, it was concluded to further study aspects related to Msg3 retransmission until RAN1#93 meeting. One aspect to consider is the timing relationship between HARQ retransmission and EDT transmission (e.g. the NPDCCH search space). To avoid complication, it is proposed that the physical layer timing relationship is based on the number of repetitions indicated in the EDT grant, rather than the number of repetitions used by the UE. 

Proposal 4: Timing relationship for retransmission is based on the number of repetitions indicated in the EDT grant.

Another aspect to consider is the grant for retransmission. For instance, if the eNB can determine the TBS of initial transmission without successful decoding (e.g. through DMRS detection or LLR confidence level), the eNB can indicate the detected TBS value in the DCI scheduling retransmission. This can reduce further blind decoding attempts by the eNB. Or, in case of collision, the eNB may be able to detect the stronger TBS and could potentially resolve the collision by including the detected TBS value during in the DCI. The weaker UE will see incorrect TBS value in the DCI and can restart random access procedure right away.

Note that if eNB makes an error in detecting the TBS value, the UE would have to restart random access procedure. Therefore, in case the eNB is unable to make a determination of the TBS value, the eNB should be able to tell the UE that it will continue to perform blind decoding attempts on the retransmission. 
Proposal 5: eNB can indicate whether it will continue blind decoding attempts or indicate a TBS value in the retransmission DCI.

Furthermore, in case the eNB could not allocate resource for retransmission of EDT, eNB can indicate fallback indicator in the DCI. In this case the MCS field can indicate one of the three legacy values to be used.
Proposal 6: eNB can indicate fallback to Msg3 in the retransmission DCI.
In addition, the number of repetitions number can also be adjusted via the repetition number adjustment field. This field can give new number of repetitions or delta adjustment to the previous value used by the UE. This may reduce the number of NPUSCH resource used for retransmission based on eNB determination.

Table 2 illustrates the fields in DCI N0 for EDT retransmission with new fields highlighted in bold. 
Table 2. DCI format N0 for EDT retransmission.
	Field
	Number of bits
	NOTE

	NPDCCH Order Indication
	1
	

	Subcarrier Allocation
	6
	

	Scheduling Delay
	2
	

	Resource Allocation
	3
	

	MCS-EDT
	2
	Indicate detected TBS

	Blind-Detection-Enabled
	1
	Indicate eNB blind decoding attempts

	Fallback DCI Indicator
	1
	Fallback to legacy Msg3 with legacy MCS given by MCS-EDT

	RV
	1
	

	Repetition Number
	3
	Can be used to adjust number of repetitions

	NDI
	1
	

	DCI SF Number
	2
	

	HARQ Process Indication
	1
	


4 Others
To handle larger payload, the number of RUs, number of subcarriers, as well as the MCS may need to be expanded. Since the motivation for early data transmission is to reduce delay, it doesn’t make sense to limit Msg3 to single-tone for NPRACH repetition ≥ 32. For instance, for UE using NPUSCH repetition of 16, to transmit message of size 680 bits would require 512ms using single-tone but only 128ms using 6-tone. Therefore, it is proposed to consider supporting multi-tone transmission in Msg3 for UEs performing early data transmission.

Proposal 7: Support multi-tone transmission in Msg3 for UEs performing early data transmission with NPRACH repetition ≥ 32.

5 Conclusions

In this contribution, we consider remaining details of early data transmission during random access procedure and make the following proposals –
Proposal 1: The UE adjusts its number of repetitions based on the reference (i.e. maximum configured) and actual TBS.
Proposal 2: New number of repetitions may be used when adjusting the number of repetitions.
Proposal 3: If new numbers of repetitions are to be multiple of 4 or 8, choose 4.
Proposal 4: Timing relationship for retransmission is based on the number of repetitions indicated in the EDT grant.

Proposal 5: eNB can indicate whether it will continue blind decoding attempts or indicate a TBS value in the retransmission DCI.

Proposal 6: eNB can indicate fallback to Msg3 in the retransmission DCI.

Proposal 7: Support multi-tone transmission in Msg3 for UEs performing early data transmission with NPRACH repetition ≥ 32.
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