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Introduction
In RAN1#92bis, early data transmission during RACH was discussed and the following was agreed:
Agreement
· 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;

Agreement
· 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.

Agreement
Up to 4 TBS values are defined based on only the maximum broadcast TBS 
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Conclusion
Further study aspects related to Msg. 3 retransmission until RAN1#93 meeting

This contribution discusses the remaining issues of early data transmission in RACH.
Discussion
1.1 Scaling of repetition number
As shown in following, it was agreed that the number of RUs remains the same and the corresponding repetition number changes when a smaller actual TBS is used for Msg3 transmission. The detailed mechanism is still FFS. 
Note that the repetition number of smaller actual TBS needs to be known a-priori by eNB and UE and detection on the repetition number needs to be avoided. A simple way is to linearly scale the indicated repetition number in Msg2 by using the ratio of actual TBS and the maximum TBS. Based on the relationship between actual TBS candidate and the broadcast maximum TBS, it is proposed to have the scaling factor in Table 1.
[bookmark: _Ref513730838]Table 1 scaling factor for scaling of repetition numbers
	　
	328
	408
	504
	584
	680
	808
	936
	1000

	T1
	1
	1
	0.75
	0.75
	0.5
	0.5
	0.5
	0.5

	T2
	　
	1
	1
	0.75
	0.75
	0.75
	0.75
	0.75

	T3
	　
	　
	1
	1
	1
	1
	1
	1

	T4
	　
	　
	　
	1
	1
	1
	1
	1



In NB-IoT, when multi-tone transmission is scheduled for NPUSCH, cyclic repetition is used and in each cycle, each RU of TBS is repeated consecutively in L subframes, where . A complete cycle includes complete information for decoding the transport block. Hence, it is proposed that the scaled repetition number of smaller actual TBS is rounded up to the nearest integer multiple of L to complete integer number of cyclic transmission for Msg3.
Proposal 1: The repetition number of actual TBS（Ti）for Msg3 is determined by scaling the repetition number indicated in corresponding RAR in Msg2 as following:
, where  is the broadcast maximum TBS for Msg3 and  is the repetition number indicated in the corresponding RAR in Msg3, and  is obtained from Table 1.
1.2 Cyclic repetition when the use of smaller TBS enabled
Cyclic repetition is applied for multi-tone NPUSCH transmission in NB-IoT. When the use of smaller TBS is enabled, the use of different actual TBS corresponds to different number of scaled repetitions. It should be noticed that the length and pattern of the cycles in cyclic repetition may be different when the number of repetitions is different. One example is illustrated in Figure 1, in which the maximum TBS (T4) is 1000 bits and the indicated repetition (Rindicated) in corresponding RAR in Msg2 is 16. According to the agreement in RAN1#92bis, the list of candidate actual TBS is {1000, 776, 536, 328} and the corresponding repetition number for each actual TBS needs to be scaled. In the example, the scaling method in proposal 1 is used, and the list of corresponding scaled repetition numbers (Rscaled) is {16, 12, 8, 4} respectively for the candidate actual TBS in {1000, 776, 536, 328}. 
[image: ]
[bookmark: _Ref513190982]Figure 1 The length and pattern of a cycle in cyclic repetition for Msg3 may be different
The parameter  in cyclic repetition would be different when different actual TBS is used for Msg3. This is because the scaled repetition number, Rscaled, is different and may cause different values of L. As shown in the example in Figure 1, the parameter L, i.e. the number of repetitions in each cycle, is {4, 4, 4, 2}. 
Observation 1: The repetition number L of each cycle in cyclic repetition transmission for Msg3 may be different due to different Rscaled.
Having different transmission patterns and cycle lengths will introduce another dimension of complexity for eNB blind detection other than TBS blind decoding. Under different hypothesis of actual TBS, there are different assumptions on transmission pattern and cycle length of each transmission cycle, e.g. the transmission pattern shown in Figure 1 for TBS 328 bits is totally different from that of actual TBS 1000/536/776 bits. In this case, eNB needs to do different signal combination operations under different assumptions of cycle length and pattern. The channel estimation and demodulation will be increased significantly considering channel estimation and demodulation is done based on the combined signals. 
Observation 2: eNB complexity is increased significantly if the parameter L of cyclic repetition is different for different actual TBS candidates for EDT.
If the transmission pattern is the same regardless which actual TBS candidate is selected by the UE, eNB can always use the same assumption on the transmission pattern to do the signal combination, and hence the channel estimation and demodulation can be done once based on the combined signal. By doing this, the complexity of eNB to introduce the EDT feature can be reduced significantly compared with that with different transmission pattern of cyclic repetition for different actual TBS. Based on the agreements in RAN1#92bis, the number of RUs is the same for all actual TBS candidates. Therefore, if we can have the same parameter L for cyclic repetition regardless the actual TBS used, the transmission pattern for cyclic pattern will be the same.
A solution is shown in Figure 2, in which the number of repetition indicated in the corresponding RAR in Msg2 is always used to determine the parameter L for cyclic repetition and the scaled repetition number figured from proposal 1 is used to determine the actual number of repetitions for each actual TBS.
Proposal 2: The parameter L for cyclic repetition is identical for all 4 actual TBS candidates corresponding to the indicated repetition number in Msg2, i.e. ).
[image: ]
Figure 2 illustration of identical transmission pattern for cyclic repetition for all actual TBS candidate
1.3 On retransmission of Msg3
1.3.1 Resource loss on Msg3 re-transmission[image: ]
Figure 3 Illustration of blind detection of TBS for Msg3
If the use of smaller TBS than the broadcast TBS is enabled, the UE can choose a smaller TB size in the 4 candidates with fewer padding bits to transmit Msg3 with early data, and UE can save transmission power. However, eNB needs to blindly decode the actual transmitted TB without knowledge of the actual TB size chosen by the UE. 
When eNB has to do blind decoding of the actual transmitted TB, there is no guarantee that the TB can be always decoded correctly from a single shot reception of first transmission for Msg3 and decoding failure occurs particularly for the first transmission of Msg3 considering the contention resolution has not been finished. In this case, the actual TB size chosen by the UE is still unknown to eNB. As shown in Figure 3, if the first transmission of Msg3 fails, eNB needs to schedule retransmission of Msg3 by still allocating the maximum resource assuming the largest TBS, e.g. enough for 1000 bits. This leads to substantial overhead for the resource used for EDT re-transmission and a limitation on the MCS/NRU that the eNB can indicated in the DCI scheduling the re-transmission of Msg3. Also, the eNB has to continue providing processing effort for the blind decoding hypotheses on each re-transmission.
To resolve this, the TBS value should be detectable independently from the actual decoding process, so that it is known to eNB also when the transmitted TB for Msg3 is not successfully decoded. This would allow the eNB to allocate an accurate, and in general smaller, amount of resource corresponding to the actual TBS for the Msg3 retransmission even when the initial transmission of Msg3 fails. Since the re-transmission is scheduled by DCI, it can adapt the MCS/RU allocation appropriately. It also removes the blind decoding computational effort for re-transmissions, and allows eNB to detect the actual TBS on the first transmission of Msg3, also reducing that processing load.
To achieve the target to detect the actual TBS before correctly decoding the NPUSCH of Msg3, DMRS sequence can be used to differentiate different TBS candidates. Also, as discussed in RAN1#92bis, considering the repetition number is different for different TBS candidate, the length of actual transmission duration for different TBS candidate are different. Hence, eNB can detect the candidate TBS by detecting the energy change considering different candidate TBS has different transmission duration. Other implementation method can be also considered by eNB in implementation.
Observation 3: The actual TBS used by the UE can be detected by eNB before correctly decoding the NPUSCH of Msg3.
1.3.2 DCI format for scheduling re-transmission of Msg3
In RAN1#92bis, it was agreed that the number of RUs for the initial transmission of Msg3 is indicated by the reserved states of MCS field in RAR in Msg2. The TBS can be selected by UE from a list of actual TBS candidates which depends on the broadcast maximum TBS. Hence, for the initial transmission of NPUSCH for Msg3, the TBS and number of RUs are clear for the UE.
The re-transmission of NPUSCH for Msg3 is scheduled by DCI format N0. In DCI format N0, the 4-bits field ‘Modulation and coding scheme’ is used to determine the ITBS index in the legacy NPUSCH TBS table and the 3-bits field ‘Resource assignment’ is used to figure out the IRU index. For legacy scheduling of NPUSCH, the TBS is determined by using the index of ITBS and IRU from the legacy NPUSCH TBS table.
Table 2 Transport block size (TBS) table for NPUSCH
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096 
	1384 

	9
	136
	296
	456
	616
	776
	936
	1256 
	1544 

	10
	144
	328
	504
	680
	872
	1000
	1384 
	1736 

	11
	176
	376
	584
	776
	1000
	1192
	1608 
	2024  

	12
	208
	440
	680
	1000
	1128
	1352 
	1800 
	2280 

	13 
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 



For EDT, however, the up to 4 actual TBS candidates only depend on the broadcast maximum TBS value. Hence, for an arbitrary indicated IRU, the used actual TBS from the 4 values may not be any entry in the corresponding column with the same IRU index. In this case, the ITBS index cannot indicate the actual TBS of Msg3 for EDT transmission. Hence, the DCI format N0 needs to be re-interpreted to schedule the re-transmission of NPUSCH for EDT Msg3.
A simple way is to use only two bits in the 4-bits field ‘Modulation and coding scheme’ to indicate one of the up to 4 actual TBS candidates, in the same set as the initial transmission of Msg3. The interpretation of other fields in DCI format N0 keeps the same as legacy.
Proposal 3: Re-interpret the field of ‘Modulation and coding scheme’ in DCI format N0 and use only 2 LSB bits to indicate one of the up to 4 actual TBS candidates for scheduling retransmission of NPUSCH for Msg3. The interpretation of other fields in DCI format N0 is unchanged.
	2 LSB bits of MCS field in DCI format N0 
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As observed in Observation 3, it is possible that the eNB can detect which TBS has been used by the UE. In this case, by using DCI format in proposal 4, eNB can reschedule the same TBS for retransmission of Msg3 rather than always do the scheduling assuming maximum TBS. The allocated resource and repetition number in the DCI corresponds to the actual used TBS of Msg3 and does not need to be as large as enough to convey the maximum TBS. This enables eNB to optimize the resource overhead of EDT Msg3.
It might happen that the eNB detects wrongly the TBS or the eNB does not implement the TBS detection. In this case, eNB may allocate a TBS in the DCI which is different from the actual TBS used for EDT Msg3. If the indicated TBS in DCI is still larger than or equal to the actual used TBS, the UE shall use actual TBS to retransmit the Msg3 and similar as initial scheduling by RAR the repetition number is scaled accordingly. However, if the indicated TBS in DCI is smaller than the actual used TBS of Msg3, some fallback operation is performed by the UE, e.g. the UE aborts the ongoing MSG3 transmission, flushes the HARQ buffer and considers this random access attempt as not successful.
By adopting the DCI format in proposal 4, the resource overhead can be improved when the eNB implements to detect the actual TBS. Meanwhile, for eNB that does not support TBS detection, the maximum TBS can anyway be informed. Hence, proposal 4 gives the room for the eNB implementation to optimize/minimize the resource usage for msg3 retransmission and also is compatible with the eNB that does not do this kind of optimization.
Conclusion
The remaining issues in EDT transmission in RACH are discussed in the contribution. The solution in proposal 1 is proposed to determine the scaled number of repetitions for the smaller actual TBS, which allows complete integer number of cycles are transmitted when the scaled repetition number is used for smaller actual TBS. 
It is also discussed on the cyclic repetition pattern when the use of smaller TBS is enabled. If the cyclic repetition transmission pattern is different under different actual TBS hypothesis, the complexity on eNB will increase significantly considering the operation on channel estimation and demodulation would be increased a lot. To resolve this issue, proposal 2 is proposed to ensure an identical transmission pattern for cyclic repetition of NPUSCH regardless which TBS is actually used for Msg3 transmission.
Regarding the scheduling of re-transmission of Msg3 for EDT transmission, DCI format N0 needs to be re-interpreted and proposal 3 is proposed accordingly.
In the last section, the way for blind detection on eNB is discussed and it is proposed that the design of EDT enables the TBS detection before the blind decoding of Msg3, which can significantly reduce the eNB complexity and meanwhile the resource overhead can be also significantly reduced when Msg3 is retransmitted.
Proposal 1: The repetition number of actual TBS（Ti）for Msg3 is determined by scaling the repetition number indicated in corresponding RAR in Msg2 as following:
, where  is the broadcast maximum TBS for Msg3 and  is the repetition number indicated in the corresponding RAR in Msg3, and  is obtained from Table 1.
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Proposal 2: The parameter L for cyclic repetition is identical for all 4 actual TBS candidates corresponding to the indicated repetition number in Msg2, i.e. ).
Proposal 3: Re-interpret the field of ‘Modulation and coding scheme’ in DCI format N0 and use only 2 LSB bits to indicate one of the up to 4 actual TBS candidates for scheduling retransmission of NPUSCH for Msg3. The interpretation of other fields in DCI format N0 is unchanged.
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Observation 1: The repetition number L of each cycle in cyclic repetition transmission for Msg3 may be different due to different Rscaled.
[bookmark: _GoBack]Observation 2: eNB complexity is increased significantly if the parameter L of cyclic repetition is different for different actual TBS candidates for EDT.
Observation 3: The actual TBS used by the UE can be detected by eNB before correctly decoding the NPUSCH of Msg3.
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As an example to
illustrate the cyclic
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N_SC*RU=12, and
01|23 N_RU=4;

R_indicated=16, L=min(4, ceiing(R_scaled/2))=t
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As an example to
illustrate the cyclic
repetition,
N_SC*RU=12, and
01|23 N_RU=4;

R_indicated=15, L=min(4, floor(R_indicated/2))=4.

R_indicated=16, L=min(4, floor(R_indicated/2))=4
R_indicated=16, L=min(4, floor(R_indicated/2))=4

R_indicated=16, Lrmin(4, floor(R_indicatedi2)i=4.





