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Discussion and Decision
1 Introduction

In RAN1#91, it was agreed that –

· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
· From RAN1’s point of view, 
· Uplink subcarrier spacing field, subcarrier indication field, scheduling delay field and Msg3 repetition number field in RAR UL Grant for uplink EDT in Msg3 do not need to be changed according to current RAN2 agreements. 
· The above applies to above Alts. 1-4
In RAN2#100, it was agreed that –

· The UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE.

· PRACH partitioning for EDT indication is configured per enhanced coverage level.

· Working assumption: Support for segmentation for this case is not prioritized.

· Working assumption: PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE.

· FFS how to address the padding issue in Msg3.

· UE category is not indicated in Msg1.

· For EDT indication, PRACH resources can be configured as in legacy eMTC or NB-IoT with respect to physical layer resources, preambles/subcarriers.

· PRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from PRACH resource pool for legacy RACH procedure.
In this contribution, we consider further details of early data transmission during random access procedure.
2 Supported MCS/TBS/RU
Currently the size of Msg3 is limited to 88 bits in NB-IoT. For early data transmission, signalling message would also be required (e.g. RRC connection resume request) together with the data. RAN2 is currently discussing the minimum data size for EDT. In 45.820, the minimum data size was 50 bytes, which includes the payload and CoAP, DTLS, UDP, IP overhead. In addition, there is also a maximum of 20 bytes of 3GPP protocol overhead. With 70 bytes, the minimum total payload would, for example, be around 480 bits.
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 1. 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 2. 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 RAN1#91, it was agreed to select from the following options –

· The number of MCS/TBS/RU states that can be used for EDT will be chosen from 
· Limited MCS/TBS/RU states
· Alt. 0: 5 unused MCS/TBS/RU states and 0 bit in SIB
· Alt. 1: As many as supported by using 1 spare bit from RAR and 0 bit in SIB
· Alt. 2: As many as supported by using 2 spare bits from RAR and 0 bit in SIB
· Alt. 3: As many as supported by using 2 bits in SIB and 0 spare bit in RAR
· Alt. 4: As many as supported by using maximum TBS value in SIB and 0 spare bit in RAR
· Alt. 5: 1 spare bit in RAR used for new/modified UL grant and 0 bit in SIB
Since it may not be possible for UE to indicate the size of the data buffer, only few TBS values would need to be supported. In addition, the MCS may not require fine granularity as eNB may not be able to distinguish channel condition with such accuracy. 

Table 3. Example of MCS index for Msg3 NPUSCH with early data transmission.
	MCS Index
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	TBS

	‘0000’
	pi/2 BPSK
	QPSK
	4
	88 bits

	‘0001’
	pi/4 QPSK
	QPSK
	3
	88 bits

	‘0010’
	pi/4 QPSK
	QPSK
	1
	88 bits

	‘0011’
	pi/4 QPSK
	QPSK
	8
	440 bits

	‘0100’
	pi/4 QPSK
	QPSK
	6
	408 bits

	‘0101’
	pi/4 QPSK
	QPSK
	4
	392 bits

	‘0110’
	pi/4 QPSK
	QPSK
	8
	552 bits

	‘0111’
	pi/4 QPSK
	QPSK
	6
	504 bits

	‘1000’
	pi/4 QPSK
	QPSK
	4
	536 bits

	‘1001’
	pi/4 QPSK
	QPSK
	8
	808 bits

	‘1010’
	pi/4 QPSK
	QPSK
	6
	808 bits

	‘1011’
	pi/4 QPSK
	QPSK
	4
	776 bits

	‘1100’
	pi/4 QPSK
	QPSK
	8
	1000 bits

	‘1101’
	pi/4 QPSK
	QPSK
	6
	1000 bits

	‘1110’
	N/A
	QPSK
	4
	1000 bits

	‘1111’
	reserved
	reserved
	reserved
	reserved


With Alt. 0, only 5 unused MCS/TBS/RU states will be available. This is too low to cover the different coding rates and RU combinations. With an extension of 1 bit, 16 values are available with an example shown in Table 3. This could be enough. Therefore, it is proposed to use the 1 spare bit in RAR to extend the MCS table to 16 states. UEs that have indicated interest in early data transmission via PRACH partitioning can monitor new RAR grant with extended MCS field.
Another possibility in designing the TBS table could be to base the values on the maximum possible TBS size for Msg3 broadcast per CE. For instance, in Table 3.
 the maximum value is 1000 bits and the supported TBS values are roughly {440, 552, 680, 1000} bits. If the broadcast maximum value was 680 bits, then TBS values could be adjusted accordingly, for example to {392, 440, 552, 680} bits.
Proposal 1: Extend MCS/TBS/RU states to 16 by using 1 spare bit from RAR.

In addition, the MAC RAR for NB-IoT UE is given in Table 4. From the table, it is seen that there are 5 reserved bits which can be used for early data transmission.
Table 4. MAC RAR for NB-IoT UEs.
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To support full resource allocation in RAR grant, we think as least 7 bits are needed (4 bits for MCS and 3 bits for resource assignment). This is a significant increase compared to the current 3 bits. It is proposed to modify the RAR format accordingly. 
Proposal 2: RAR format needs to be modified accordingly. Send an LS to RAN2.
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 3: Support multi-tone transmission in Msg3 for UEs performing early data transmission with NPRACH repetition ≥ 32.

3 Padding in Msg3
In RAN2#100, several working assumptions were agreed – that PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE and support for segmentation for this case is not prioritized. In addition, it was agreed that the UE initiates EDT in Msg1 when the size of Msg3 including the user data, which UE intends to transmit, is equal or smaller than the maximum possible TBS size for Msg3 broadcast per CE. Thus, the eNB is likely to allocate large TBS for Msg3 so the UE can take advantage of EDT. This can lead to large amount of padding when UE has small payload and it is FFS how to address the padding issue in Msg3.
One approach to minimize padding issue is for the UE to autonomously select a small TBS than indicated by the eNB. For example, the eNB may allocate 1000 bits to the UE using 8 RUs. If the UE has only 328 bits to transmit, it can (1) reduce the MCS but keep the same RU or (2) keep the same MCS but reduce the RU. In the first case, the UE will have to reduce the number of repetition assigned by the eNB to reduce transmission time, so this is not preferred as the UE may not know how many repetitions to use. In the second case, the UE can transmit 328 bits using 3 RUs and keep the number of repetitions the same. This has the advantage of keeping the same MCS as assigned by the eNB while reducing the total transmission time at the UE and overhead at the eNB. Since the eNB does not know the actual TBS selected by the UE, it would have to perform multiple blind decoding attempts. To avoid blind decoding at the eNB, a simple resource usage indicator (e.g. 2-bit indicator using NPUSCH Format 2) can be used to tell the eNB the actual TBS prior to NPUSCH transmission by the UE.
Another approach to minimize padding issue is for the eNB to give multiple grants simultaneously – e.g. the eNB can allocate grants for 328, 680, and 1000 bits for EDT to the same UE. The UE can select the grant that best fits its data buffer. This, however, increases the RAR overhead significantly and will require multiple blind decoding attempts by the eNB (unless a resource usage indicator is used as described above).
Allocation of higher number of resources than required for actual transmission will impact the energy consumption at UE and also system resource efficiency. Moreover with Non IP Data transmission support for CIoT Transmission for some UE with other UE does not support such transmissions, the payload size for small data transmission vary between different UE. In order to handle the EDT transmission for these UE each may have diferent payload size for the same report, it is prefered to address the padding issue for EDT.

Proposal 4: RAN1 solutions need to be investigated to reduce the padding in Msg3 based on RAN2 inputs on the possible sizes for Msg3 for EDT.
4 Conclusions

In this contribution, we consider early data transmission during random access procedure and make the following proposals –
Proposal 1: Extend MCS/TBS/RU states to 16 by using 1 spare bit from RAR.

Proposal 2: RAR format needs to be modified accordingly. Send an LS to RAN2.

Proposal 3: Support multi-tone transmission in Msg3 for UEs performing early data transmission with NPRACH repetition ≥ 32.

Proposal 4: RAN1 solutions need to be investigated to reduce the padding in Msg3 based on RAN2 inputs on the possible sizes for Msg3 for EDT.
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