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Discussion and Decision
1 Introduction

In RAN1#90bis, it was agreed that –

· From RAN1 point of view, it is feasible to support early UL data transmission in Msg3 from an NB-IoT UE using some TBS value(s) from the TBS range specified for NB-IoT in Rel-13 with a maximum total TBS of 1000 bits.

· FFS if and how there will also be a larger supported maximum total TBS

· The detailed value(s) should consider the payload size of early data packets from RAN2.

· From RAN1 perspective, the physical layer design will assume eNB is not required to always provide a grant of a larger TBS for Msg3 and can decide to just provide a grant for 88 bits instead.
In RAN2#99bis, it was agreed that –

· PRACH partitioning is used to indicate the UE’s intention to use early data transmission in Msg3. Backward compatibility shall be preserved. FFS details on the PRACH pool, e.g., preamble/time/frequency/carrier domain of PRACH partitioning.

· For CP during the UL EDT procedure, if the UE receives a grant in which the data does not fit, the UE does not send the data in Msg3. For UP solution it is FFS if the EDT grant can be used for UL data if the grant is smaller than the UL data size.

· Maximum possible grant size for Msg3 is broadcast per CE. It is FFS if the UE indicates the grant size for Msg3 it needs via PRACH partitioning.
Furthermore, in [1], RAN1 is asked whether it is viable to assume Rel-13 NPUSCH TB sizes can be reused and if new UL grant format(s) in RAR would be needed. In this contribution, we consider further details of early data transmission during random access procedure.
2 UL Data Transmission
2.1 Supported TBS
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. The signalling message could be around 56 bits, while the data message could be 100 bytes as indicated in [2]. Thus, the total transport block size for early data transmission may be around 900 bits. In [1], RAN2 asks - To support UL early data transmission in Msg3 during a RACH procedure initiated by a UE in RRC_IDLE, RAN2 assumes that Rel-13 PUSCH TB sizes can be used. Is such assumption viable? If not, what are the possible TB sizes for PUSCH transmission for EDT for eMTC and NB-IoT respectively? In RAN1#90bis, it was agreed that it is feasible to support early UL data transmission in Msg3 from a BL/CE UE using some TBS value(s) from the TBS range specified for BL/CE UEs in Rel-13 with a maximum total TBS of 1000 bits. However, this would require some changes to the RAR grant.
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


Therefore, it is proposed to support TBS value up to 1000 bits be extending the MCS field in the RAR grant.

Proposal 1: Support TBS value up to 1000 bits.

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 3. 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 LS to RAN2. 

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. 

The MCS field may be extended from 3 to 4 or 5 bits. With 4 bits, 16 values are available with an example shown in Table 4. UEs that have indicated interest in early data transmission via PRACH partitioning can monitor new RAR grant with extended MCS field.
Table 4. 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
	256 bits

	‘0100’
	pi/4 QPSK
	QPSK
	4
	256 bits

	‘0101’
	pi/4 QPSK
	QPSK
	3
	256 bits

	‘0110’
	pi/4 QPSK
	QPSK
	8
	328 bits

	‘0111’
	pi/4 QPSK
	QPSK
	4
	328 bits

	‘1000’
	pi/4 QPSK
	QPSK
	3
	328 bits

	‘1001’
	pi/4 QPSK
	QPSK
	8
	680 bits

	‘1010’
	pi/4 QPSK
	QPSK
	4
	680 bits

	‘1011’
	pi/4 QPSK
	QPSK
	3
	680 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


Proposal 3: RAN1 to discuss how to extend the current MCS index table.

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

3 Downlink Data Transmission 
As agreed in RAN2#99, Msg4 can be used for early downlink data transmission. In this case, the following procedure is expected – data arrives at the network for UE that is in IDLE mode, the network will page the UE, and subsequently transmit data to UE in Msg4. By this time, the network would be aware of the UE’s identity and there would be no need for the UE to indicate to the network whether it is capable of receiving downlink data transmission. Therefore, normal PRACH procedure can be used and no change is expected.
For Msg4, the RRC connection resume message size is approximately 152 bits while the payload used in past analysis is 65 bytes. Currently, Msg4 can accommodate up to approximately 1000 bits which is already the maximum transport block size the UE can support in idle mode. Furthermore, Msg4 is scheduled using DCI 6-1A/6-1B which already provides full scheduling flexibility for UE in IDLE mode. Therefore, it is expected that there will be no RAN1 impact from early downlink data transmission in Msg4.
Observation 1: No RAN1 impact expected for early downlink data transmission in Msg4. 
4 Conclusions

In this contribution, we consider early data transmission during random access procedure and make the following proposals –
Proposal 1: Support TBS value up to 1000 bits.

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

Proposal 3: RAN1 to discuss how to extend the current MCS index table.

Proposal 4: Support multi-tone transmission in Msg3 for UEs performing early data transmission with NPRACH repetition ≥ 32.

Observation 1: No RAN1 impact expected for early downlink data transmission in Msg4. 
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