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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 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.

· Note: For Msg3 for Rel-13 BL/CE UEs, the maximum total TBS is 712 bits in CE mode A and 328 bits in CE mode B.

· FFS if and how there will also be a larger supported maximum total TBS (than 1000 bits)
· 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 corresponding to Rel-13 Msg3 TBS 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 PUSCH 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 maximum transport size for Msg3 is 712 bits for CE Mode A and 328 bits for CE Mode B. 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. Note that in Rel-14, the maximum UL TBS for connected mode UEs was increased to 2984, but for early data transmission, eNB would not have knowledge of whether the UE supports this larger TBS or not unless further differentiation via the PRACH is used.  
Table 1. RAR Grant.
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
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	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	3
	0

	TBS
	0
	2

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	2
	2

	Zero padding
	4 - 
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	Total Nr-bits
	20
	12


In CE Mode A, 1,2,3, or 6 PRBs can be assigned with I_TBS up to 7 supported. In CE Mode B, 1 or 2 PRBs can be allocated with I_TBS up to 3 supported. The supported TBS values are shown in Table 2.  
Table 2. TBS tables for CE Mode A and CE Mode B.
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To handle larger payload, one approach could be to map the MCS/TBS fields using different values. For example, it is not likely that TBS below 56 bits would be used considering the need for both signalling and message. Also, the fine MCS range might not be needed. Therefore, new MCS/TBS mapping could be supported.
Table 3. Example of new TBS tables for CE Mode A and CE Mode B.
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An example of this new mapping is shown in Table 3. In CE Mode A, this table take values from rows {0,1,3,4,5,6,7,9} of the legacy table. In CE Mode B, this table take values from rows {0,3,6,9} of the legacy table.
Proposal 1: Support TBS value up to 1000 bits by introducing new TBS range from supported Rel-13 TBS values.
2.2 Sub-PRB transmission in Msg3
Sub-PRB allocation has been agreed in Rel-15 and design proposals of sub-PRB allocation for PUSCH are described in [3]. For early data transmission, it would also be beneficial for those UEs to be able to use sub-PRB allocation. Indication of this capability can be done through the PRACH (e.g. preamble partitioning) in conjunction with request for early data transmission. Thus, it is proposed to also support sub-PRB allocation in Msg3. 
Proposal 2: Support sub-PRB allocation in Msg3. 
For sub-PRB resource allocation, it is possible that sub-PRB allocation is always used if UE indicates capability for sub-PRB transmission and eNB indicates sub-PRB support in the cell (e.g. by PRACH partitioning). However, it may not be ideal for the eNB to schedule Msg3 using sub-PRB allocation even if it is supported (e.g. due to PRB blocking issue). Thus, the eNB should have scheduling flexibility when deciding whether to use sub-PRB allocation. Therefore, one bit can be introduced in the RAR to indicate sub-PRB or PRB-level allocation. This could be e.g. by introducing one bit in the RAR grant itself or by reusing one of the reserved bits in the MAC PDU. However, it is left FFS whether sub-PRB indication is implicit (e.g. based on selected PRACH resource) or explicit (e.g. one bit in the RAR grant or reusing reserved bit in RAR).
Proposal 3: Sub-PRB allocation in indicated in the RAR. FFS whether the indication is implicit or explicit. 

With this sub-PRB indication, resource allocation can be indicated accordingly. For example, in CE Mode B, the index of the PRB within the NB to be used for sub-PRB allocation is given explicitly via higher-layer signalling or implicitly or predefined in the specification. For instance, the PRB can be indicated in the SIB, or determined based on the cell ID. Note that PRB index can also be confined with PRB 4 and 5 within the NB, which cannot be scheduled using 2 PRBs in 6-0B. A 3-bit table is then to indicate the sub-PRB allocation within the PRB as shown in Table 4.
Table 4. Sub-PRB resource allocation with PRB.
	Value of 3 LSB bits (L)
	Subcarrier assignment within PRB

	0..3
	{3*L, 3*L+1, 3*L+2}

	4..5
	{6*(L-4), 6*(L-4)+1, …, 6*(L-4)+5}


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 by introducing new TBS range from supported Rel-13 TBS values.

Proposal 2: Support sub-PRB allocation in Msg3. 

Proposal 3: Sub-PRB allocation in indicated in the RAR. FFS whether the indication is implicit or explicit. 

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