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Discussion and Decision
1 Introduction

In RAN1#92, it was agreed that –

· The maximum TBS broadcasted in system information are selected from 8 values which are taken from the Rel-13 PUSCH 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.
· Support NW enabling the use of TBS smaller than the maximum configured. FFS details.
In RAN2#101, it was agreed that –

· The minimum possible TB size is assumed to be around 320 bits based on the values in (N)PUSCH tables.

· If new UL grant format is defined, it does not need to be backwards compatible.

· Same RAR format is used for EDT UEs.

· 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.

In this contribution, we consider further details of early data transmission during random access procedure for NB-IoT.
2 Supported TBS
From RAN2 agreement, the minimum possible transport block size is assumed to be around 320 bits while the maximum is around 1000 bits. In addition, RAN2 assumes that 8 possible candidate values for the maximum TB size broadcasted in system information. In addition, RAN2 assumes that for each maximum TB size broadcasted, up to 4 possible TB sizes, i.e. blind decoding options, are allowed. The 4 possible TB sizes are FFS and it is also FFS how the UE will obtain these values. 

One option is to select the up to 4 possible values based on a predefined table. Another option is to select the TBS value based on adjusting the number of resource units. For example, if the TBS size broadcasted in system information is set to 1000 bits, the lower TBS values can be selected from the lower values in the same column of the TBS table or from the same row as shown in the example below.

Table 2. Possible TBS values based on adjusting the number of resource units.
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	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 
	1128 
	1256 
	1544 
	2024 
	2536 


Selection of TBS size which corresponds to same I-TBS value which uses lesser number of subframes is more resource efficient and energy efficient compared to the option of selecting lower I-TBS value with the same number of I-RU value. Because if the same I-RU is used with lower I-TBS value, the number of blind physical layer transmissions needs to be reduced accordingly. Compared to use of lower number of subframes, the overall resource utilisation for this option is lesser. Moreover ENB complexity for blind detection is also lower when the TBS sizes corresponds to lower resource usage is selected for transmission of smaller payload.

Proposal 1: 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 predefined in the specification (e.g. via a new table or based on existing table by selecting the same I-TBS value with lower values of I-RU).

Furthermore, it was agreed to support NW enabling the use of TBS smaller than the maximum configured, but the details are FFS. In this case, the proposal is to allow the eNB to indicate TBS smaller than the maximum configured via DCI. For example, the eNB can configure the maximum TBS as 808 bits. Using the example from Table 1, the UE will have a choice to transmit {808, 600, 408, 328} bits. However, in the DCI, the eNB can indicate 600 as the new TBS. In this case, the UE will then select from the set {600, 504, 408, 328}.
Proposal 2: eNB can indicate TBS smaller than the maximum configured via DCI.
Furthermore, the network should have the ability to enable/disable TBS adjustment by the UE (e.g. in case the network does not support this feature or would like to disable it temporarily). Of course, cell-specific support of this feature would be configured via SIB. In addition, dynamic UE-specific indication via DCI can be further considered if there is a clear benefit.

Proposal 3: eNB can enable/disable TBS selection and resource adjustment by UE via SIB.

3 Resource Selection by UE
In addition, it was agreed in RAN2 that the EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, repetitions from a set of TB sizes provided based on the UL data. This is, however, pending RAN1 confirmation. From Table 1, the UE can choose an appropriate TB size. For MCS selection, it would be desirable for the UE to maintain similar MCS as the assigned TBS. This can be done using these methods – adjusting the number of repetitions, number of subcarriers or number of RUs. All methods are feasible. Note that in case the first transmission was not successfully received at the eNB, the eNB can schedule re-transmission and continue to separately process four potential transport blocks. Therefore, it is feasible that the EDT uplink grant allow the UE to choose an appropriate TB size, MCS, and repetitions, from a set of TB sizes provided based on the UL data.
Proposal 4: Confirm RAN2’s agreement that EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, and repetitions from a set of TB sizes provided based on the UL data.

When UE can select 4 possible smaller sizes for the uplink transmission, the eNB needs to blind decode for 4 times. If the TBS size selected corresponds to higher BLER performance considering the HARQ transmissions to achieve the final BLER performance, the blind decoding against all the formats may fail for initial transmission.

The number of blind decoding attempts can be reduced if the UE uses first RU (1 subframe) of the allocated resource to transmit NPUSCH Format-2 subset of TBS sizes selected for transmission, the eNB blind decoding can be limited to only two values within the subset. In this case eNB indicates the same, and the uplink resources allocation is implicitly increased by one additional subframe.

Alternatively,when the UE transmits the maximum TBS, it does not include the additional resource usage indication. When the UE sends smaller packets, it starts with the ‘resource usage indication’ in subframe and transmit the actual payload using the selected TBS value in the remaining subframes. In this case eNB first blind decode for maximum TBS first if it fails, it can decode the first SF as resource usage indication and use the value indicated for decoding the ramaining subframes. When 3 smaller TBS sizes to be used, two subframes can be used to indicate the ‘resource usage indication’ with the first SF indicates whether 2nd SF also includes resource usage indication. Instead of flexible number of subframes for resource indication, DTX on the subframe corresponds to resource usage indication can be used along with single bit information to convey all possible 3 values of smaller TBS size.

Proposal 5: UE can include additional information on the resource usage within the allocated resources to reduce the number of blind decoding required at eNB when smaller TBS size is selected for EDT transmission.
4 DCI Design
Table 1 lists the content of the RAR grant. The 6-bit subcarrier indication field can be used to allocate up to 12 tones. However, note that, Msg3 is currently limited to single-tone transmission when NPRACH repetition number is configured to be 32 or more. This limits the size of Msg3 and should be considered further whether such limitation is still suitable when Msg3 can also carry uplink data.  

Table 3. RAR Grant.

	DCI contents
	Number of bits

	Uplink subcarrier spacing
	1

	Subcarrier indication
	6

	Scheduling delay
	2

	Repetition number
	3

	MCS index – modulation, number of RUs, TBS
	3

	Total Nr-bits
	15


Note that the MCS index has 5 reserved fields, which may be used to transmit larger TBS. However, using these reserved values may not be sufficient as only limited TBS can be supported and it would also be hard to support multi-tone transmission.

Table 4. MCS index for Msg3 NPUSCH.
	MCS Index
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	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’
	reserved
	reserved
	reserved
	reserved

	‘100’
	reserved
	reserved
	reserved
	reserved

	‘101’
	reserved
	reserved
	reserved
	reserved

	‘110’
	reserved
	reserved
	reserved
	reserved

	‘111’
	reserved
	reserved
	reserved
	reserved


In addition, the MAC RAR for NB-IoT UE is given in Table 3. From the table, it is seen that there are 5 reserved bits which can be used for early data transmission.

Table 6. MAC RAR for NB-IoT UEs.
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In RAN2, it was agreed that the same RAR format is used for EDT UEs. However, a new uplink grant may be defined and this new grant does not need to be backwards compatible. In addition, it is possible for the eNB to give UE either an EDT grant or legacy grant. Thus, there is a need to differentiate the two grant types. Several options are possible –

· Use the reserved bit in the MAC RAR. 

· Sending separate RAR for EDT and legacy grants (e.g. using different RNTIs). This requires the UE to check for two separate RARs and can increase the overhead as different legacy and new MAC RAR cannot be multiplexed together.

Note that since EDT is enabled through dedicated EDT PRACH resource, using the reserved bit in the MAC RAR does not necessarily prevent it from also being used in other independent features. Therefore, it is proposed to use the reserved bit in the MAC RAR to differentiate EDT from legacy uplink grant.
Proposal 6: Use reserved bit in MAC RAR to differentiate EDT from legacy uplink grant.

Based on the agreements, it seems that the uplink grant contained within RAR need not carry the TBS size. But for given TBS size the number of subframes to be used can be included as part of the uplink grant information. For given TBS different the IRU value to be used can be included in the uplink grant, where the additional spare code points of uplink MCS can be used for this purpose. 
The following design for the DCI can then be considered –

· Uplink subcarrier spacing: No change from legacy uplink grant (1 bit).
· Subcarrier indication: No change from legacy uplink grant (6 bits).
· Scheduling delay: No change from legacy uplink grant (2 bits).
· Repetition number: No change from legacy uplink grant (3 bits).
· TBS: 3 bits.
· MCS/RU: 2-3 bits (using some of the reserved bits).
· EDT/legacy grant differentiation: 1 bit (using one of the reserved bits).
Based on the above discussion, it is proposed that new uplink grants are introduced for EDT. Note that the new grants are not backward compatible.

Proposal 7: New uplink grants are introduced for EDT.
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 8: Support multi-tone transmission in Msg3 for UEs performing early data transmission with NPRACH repetition ≥ 32.

5 Conclusions

In this contribution, we consider early data transmission during random access procedure and make the following proposals –
Proposal 1: 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 predefined in the specification (e.g. via a new table or based on existing table by selecting the same I-TBS value with lower values of I-RU).

Proposal 2: eNB can indicate TBS smaller than the maximum configured via DCI.

Proposal 3: eNB can enable/disable TBS selection and resource adjustment by UE via SIB.

Proposal 4: Confirm RAN2’s agreement that EDT UL grant shall allow the UE to choose an appropriate TB size, MCS, and repetitions from a set of TB sizes provided based on the UL data.

Proposal 5: UE can include additional information on the resource usage within the allocated resources to reduce the number of blind decoding required at eNB when smaller TBS size is selected for EDT transmission.
Proposal 6: Use reserved bit in MAC RAR to differentiate EDT from legacy uplink grant.

Proposal 7: New uplink grants are introduced for EDT.
Proposal 8: Support multi-tone transmission in Msg3 for UEs performing early data transmission with NPRACH repetition ≥ 32.
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