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1 Introduction

In RAN1 #92bis meeting, the following were agreed in RAN1 regarding data transmission during the random access procedure for NB-IoT [1]:

· 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 discuss the remaining issues of data transmission during random access procedure for NB-IoT.

2 Support of multi-tone Msg3

In legacy NB-IoT, multi-tone Msg3 transmission is not supported by the specifications when the number of NPRACH repetitions is configured to {32, 64, 128}. Since larger TBS size is already supported for Msg3 EDT, we propose to remove this limitation, and support multi-tone Msg3 EDT for all number of NPRACH repetitions.
Proposal 1: Support multi-tone Msg3 for all number of NPRACH repetitions.

3 Number of repetitions for each possible TBS

In RAN1 #92bis, it is agreed that the number of repetitions changes depending on the actual TBS. As we know the number of repetitions corresponding to the maximum TBS is indicated in “Msg3 repetition number 
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” field of MAC RAR. However, if the actual TBS the UE chooses is less than the maximum TBS, an adjustment factor of number of repetitions,
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, needs to be introduced to calculate the actual number of repetitions for the actual TBS, and the detailed calculation procedure  is described as bellow:

Firstly, the range of 
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is predefined to {1/8, 2/8, 3/8, 4/8, 5/8, 6/8, 7/8, 1}, and for each possible TBS smaller than the configured maximum TBS should have a 
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 respectively configured in SIB.

Secondly, the actual number of repetitions for a possible TBS is equal to 
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Moreover, in order to save the overhead of the indication of 
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, it is proposed that a look-up table is used to indicate the value of 
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for each possible TBS as shown in Table 1. If the number of possible TBS(s), X, is smaller than 4, the values of 
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 corresponding to the last X possible TBS(s) are selected.

Table 1: Adjustment factor,
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	Index
	Adjustment factor of
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	1st possible TBS(T1)
	2nd  possible TBS(T2)
	3rd  possible TBS(T3)
	4th possible TBS(T4)

	0
	1
	1
	1
	1

	1
	4/8
	4/8
	 1
	 1

	2
	3/8
	5/8
	7/8
	1

	3
	2/8
	4/8
	 6/8
	 1


For example, when the configured maximum TBS is 1000 bits, the possible TBS is {T1=328, T2=536, T3=776, T4=1000}. If the indicator of adjustment factor,
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, configured in SIB is “3”, the detailed value of 
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can be obtained through Table 1, thus
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. If number of repetitions indicated in “Msg3 repetition number
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” field of RAR is 256, the actual number of Msg3 repetitions for the 4 possible TBSs is listed in Table 2.

Table 2: Actual number of Msg3 repetitions for the 4 possible TBSs
	Actual TBS

(bits)
	The corresponding number of repetitions
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Proposal 2: The actual number of repetitions for each possible TBS is equal to 
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, wherein,
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is configured in “Msg3 repetition number 
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” field of MAC RAR,
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is adjustment factor of number of repetitions for each possible TBS configured in SIB.
· A 2-bit look-up table is used to indicate the value of 
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for each possible TBS.
4 Msg3 EDT retransmission

The actual TBS of Msg3 EDT is not needed to be indicated to eNB during transmission. When the retransmission of Msg3 EDT happens, eNB needs to do blind combination for each possible TBS since the actual TBS chose by UE is not known for eNB. It may slightly increase the detection complexity of eNB. However, some implementation schemes can be used to reduce the detection complexity of eNB. For example, the number of repetitions for the possible TBS smaller than the maximum TBS could be configured a little bigger than the reference value, thus the BLER for the smaller possible TBS will be maintained at very low level. In this case, the retransmission of Msg3 EDT mostly happens when the actual TBS chose by UE is the maximum TBS. Based on such assumption, retransmission combination by attempting the maximum TBS with high priority can effectively minimize the number of attempts for blind combination of retransmission.

Proposal 3: The actual TBS of Msg3 EDT is not needed to be indicated to eNB during transmission.

In order to save the UE power consumption, it is preferred that there is a timing relationship between Msg3 EDT transmission and the search space of subsequent DCI for Msg4 or retransmission of Msg3 based on the actual number of repetitions of Msg3 EDT. For example, an NB-IoT UE is required to monitor NPDCCH candidates of Type 2-NPDCCH common search space starting at k subframes after the end of Msg3 EDT with actual number of repetitions corresponding to its actual TBS.

Proposal 4: An NB-IoT UE is required to monitor NPDCCH candidates of Type 2-NPDCCH common search space starting at k subframes after the end of Msg3 EDT with actual number of repetitions corresponding to its actual TBS.
5 Conclusions

In this contribution, we have discussed the issue of early data transmission for NB-IoT. We make the following proposals:

Proposal 1: Support multi-tone Msg3 for all number of NPRACH repetitions.

Proposal 2: The actual number of repetitions for each possible TBS is equal to 
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is configured in “Msg3 repetition number 
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” field of MAC RAR,
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is adjustment factor of number of repetitions for each possible TBS configured in SIB.
· A 2-bit look-up table is used to indicate the value of 
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for each possible TBS.
Proposal 3: The actual TBS of Msg3 EDT is not needed to be indicated to eNB during transmission.

Proposal 4: An NB-IoT UE is required to monitor NPDCCH candidates of Type 2-NPDCCH common search space starting at k subframes after the end of Msg3 EDT with actual number of repetitions corresponding to its actual TBS.
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