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1 Introduction

The following agreements on early data transmission have been made in RAN1:
Agreement in RAN1#90bis
· 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.

Agreement in RAN1#91
· Maximum TBS for early data transmission in Msg3 is 1000 bits for PRACH CE levels 0 and 1 and 936 bits for PRACH CE levels 2 and 3

· Ask RAN2 whether one reserved bit in MAC RAR can be used for EDT feature.
Agreement in RAN1#92
· 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.
Agreement in RAN1#92bis

· For EDT scheduled by RAR grant, 
· For CE Mode A, 2–6 PRBs are supported with 4 bits resource allocation field.
· Whether to support 1 PRB can be reconsidered if there is an available spare bit to expand resource allocation field.
· For CE Mode B, 1-2 PRBs are supported with at least 3 bits resource allocation field.
· Resource allocation may or may not be modified, picking at least 8 resource allocations.
· Whether to expand resource allocation can be reconsidered if there is an available spare bit to expand resource allocation field.
· The 8 maximum TBS values in CE mode A (i.e. PRACH levels 0 and 1) are {328 408 504 600 712 808 936 1000}.

· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 

· The 8 maximum TBS values in CE mode B (i.e. PRACH levels 2 and 3) are {328 408 456 504 600 712 808 936}.

· Only values of NPRB and values of TBS in legacy Rel-13 PUSCH table can be used for EDT 

· For each of the 8 maximum TBS values

· The number of repetitions changes depending on the actual TBS, potentially including numbers of repetitions which are not included in legacy PUSCH repetition numbers (FFS how) 

· For EDT Msg. 3 transmission, 16QAM modulation is not supported.

· 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
· The possible smaller TBS values are predefined from the configured maximum TBS and the configured maximum number of blind decodes.
· Use the ‘R’ bit in RAR to differentiate EDT and non-EDT. 
Agreements via email discussion
Table 1: Exact TBS table on EDT, CEModeA

	
	328 
	408 
	504 
	600
	712
	808 
	936 
	1000 

	T1 
	328 
	328 
	328 
	328 
	328 
	328 
	328
	328 

	T2 
	
	408 
	408
	408
	456 
	504 
	504 
	536 

	T3 
	
	
	456
	504 
	600
	712
	712 
	776 

	T4 
	
	
	504
	600
	712
	808 
	936 
	1000


Table 2: Exact TBS table on EDT, CEModeB

	
	328 
	408 
	456
	504 
	600
	712
	808 
	936 

	T1 
	328 
	328 
	328 
	328 
	328 
	328 
	328 
	328

	T2 
	
	408 
	408
	408
	408
	456 
	504 
	504 

	T3 
	
	
	456
	456
	504 
	600
	712
	712 

	T4 
	
	
	
	504
	600
	712
	808 
	936 


This contribution discusses some remaining RAN1 aspects of early data transmission. 
2 Physical-layer aspects of early data transmission
2.1 EDT resource allocation

A single RB should not be configured for CEModeA since the minimum needed TBS is around 320 bits for EDT. From this point of view, resource allocation supporting 1RB for EDT is not needed in CEModeA. One RB and two RBs are already supported for normal PUSCH scheduling with supporting 1000bits in CEModeB. In order to simplify the specification impact, we prefer to reuse the resource allocation for Rel-13 Msg3 in CEModeB for EDT.

Proposal 1:
For EDT resource allocation,

·  One RB is not supported for the resource allocation in CEModeA;
·  Reuse the resource allocation for Rel-13 Msg3 transmission in CEModeB.
For CEModeA, there are 4 bits of “Msg3 PUSCH resource allocation” in the RAR for UL resource allocation type 0 within the allocated narrowband (assuming an MSB of 0 in the 5-bit RIV). The existing equations for UL resource allocation type 0 are
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where 
[image: image4.wmf]UL

RB

N

 is always set to 6, RIV (resource indication value) corresponding to a starting resource block ([image: image5.wmf]START
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) and a length in terms of contiguously allocated resource blocks ([image: image6.wmf]CRBs

L

( 1). As a consequence, the RIV takes values of 0~15, and the NPRB can be 1, 2, 3, or 6, as the red numbers shown in Figure 1.
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Figure 1 RIV values for legacy UL RA type 0
To support 2–6 PRBs with 4 bits resource allocation field, the following equations can be used,
If 
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Thus the RIV still takes values of 0~15, and the NPRB can be 2, 3, 4, 5 or 6, as the red numbers shown in Figure 2.
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Figure 2 RIV values for modified UL RA type 0
Proposal 2:
For CE mode A, RIV to support 2-6RB resource allocation is defined as follows:
· If 
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2.2 Max HARQ number for EDT Msg3 
The maximum number of HARQ transmissions for legacy Msg3 is 8 while for normal UL transmissions, it is 28 in connected mode:
RACH-ConfigCommon ::= SEQUENCE {


… …


maxHARQ-Msg3Tx





INTEGER (1..8),
}
MAC-MainConfig ::= SEQUENCE {
… …


maxHARQ-Tx






ENUMERATED {













n1, n2, n3, n4, n5, n6, n7, n8,













n10, n12, n16, n20, n24, n28,













spare2, spare1}

OPTIONAL,
-- Need ON
}
Since EDT Msg3 will deliver data, it should have the same coverage as normal PUSCH.
Additional signaling indicating the product factor to increase the max HARQ number is expected to be supported, i.e. the product factor includes {1, 2, 4}. As a consequence, eNodeB can scheduling max HARQ number {1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 16, 20, 24, 28, spare, spare} with additional 2 bits signaling overhead rather than 5.
Proposal 3: 
Signal the maximum number of HARQ transmissions for EDT Msg3 as a {1, 2, 4} multiple of the non-EDT Msg3 value.
2.3 Actual repetition number

With the agreement achieved in last meeting, the number of repetitions can be changed depending on the actual TBS. There may have benefits and flexibility that the eNB can enable/disable repetition number changing. 
If the network load is light, eNB might schedule UE transmit EDT Msg3 with network configured max repetition number. As a consequence, eNB could decode correctly with just one HARQ transmission instead of many of HARQ re-transmission. If eNB cannot decode after several HARQ transmissions, in the remaining HARQ transmission, eNB can schedule the UE to transmit EDT Msg3 with configured max repetition number. If the transmission condition is good and the network load is heavy, eNB can schedule the UE transmit Msg3 with reduced repetition number.
Proposal 4: 
eNB can enable/disable repetition number changing in the UL grant
To match the actual TBS, the repetition number is expected to be scaled with TBS. The scaling factor k for different TBS is expected. Considering the gap between predefined TBS and corresponding maximum TBS not exceeding 504/456 for Mode A/Mode B is small, same repetition number could be assumed. But for the maximum TBS larger than 504/456 for Mode A and Mode B, the gap between predefined TBS and corresponding maximum TBS is significant, and the scaling factor k given in Table 1 and Table 2 can be used. Considering channel condition of Mode B is worse than Mode A, the robust repetition is guaranteed for T2, T3 and T4.
Table 1: Scaling factor k for Mode B

	
	328
	408
	504
	600
	712
	808
	936
	1000

	T1 
	1.0 
	1.0 
	1.0 
	0.5
	0.5
	0.5
	0.5
	0.5

	T2 
	
	1.0 
	1.0 
	0.5
	0.5
	0.5
	0.5
	0.5

	T3 
	
	
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 

	T4 
	
	
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 


Table 2: Scaling factor k for Mode B

	
	328
	408
	456
	504
	600
	712
	808
	936

	T1 
	1.0 
	1.0 
	1.0 
	0.5 
	0.5 
	0.5 
	0.5 
	0.5 

	T2 
	
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 

	T3 
	
	
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 

	T4 
	
	
	
	1.0 
	1.0 
	1.0 
	1.0 
	1.0 


Proposal 5: For the repetition number scaling, the scaling factors in Table 1 and 2 are supported
2.4 EDT Msg3 retransmission

Generally, the HARQ re-transmission is for the same transport block which facilitates information combination. Thus, UE retransmitting EDT Msg 3 with the initial selected TBS should be supported.
With the existing specification, if eNB does not decode Msg3 successfully after UE transmits Msg3 the maximum number of HARQ transmissions, UE shall re-transmit preamble. That means, if eNB expects to let EDT UE fallback to legacy Msg3 in bad channel condition or with heavy load, it can be achieved only after many HARQ and preamble re-transmissions. To reduce the latency and save UE power, fallback to legacy Msg3 transmission during HARQ retransmission can be considered. eNB can indicate the UE to fallback to legacy Msg3 after several unsuccessful attempts on receiving Msg3 EDT retransmission. 
When the network load is heavy or the blind detection complexity is great, eNB can indicate UE transmitting EDT Msg3 retransmission with the maximum configured TBS. 
In addition, if eNB can expect the initial TBS selected by UE, as discussed in our companion paper [2], UE can retransmit EDT Msg3 with the initial selected TBS or aborting Msg3 retransmission based on TBS indication in the DCI for saving resource overhead and repetition number.
Proposal 6: 
In the DCI scheduling EDT, eNB can indicate
· EDT Msg 3 retransmission with the initial selected TBS;

· EDT Msg 3 retransmission with the maximum configured TBS;
· Legacy Msg3 transmission;
2.5 On UL grant in MAC RAR
If eNB enable the adaptively TBS selection function, UE will select the TBS which is best matched with the intended data, otherwise UE transmit EDT Msg3 with maximum TBS configured via SIB. Therefore, the MCS/TBS field in MAC RAR UL grant as shown in the following table 3 will be unused. 
Table 3: Random Access Response Grant Content field size
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
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	2

	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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	0

	Total Nr-bits
	20
	12


For CE Mode A, 2 bits are defined for Msg3/4 MPDCCH narrowband index field which will limit scheduling flexibility for system bandwidth larger than 5 MHz. For CE Mode B, 2 bits are defined for Msg3/4 MPDCCH narrowband index and Msg3 PUSCH narrowband index field which also limit scheduling flexibility for system bandwidth larger than 5 MHz. Since the bits of MCS or TBS field is not useful for EDT transmission, it is beneficial to use more bits indicating Msg3/4 MPDCCH narrowband index or Msg3 PUSCH narrowband index as shown in Table 4 below.

Proposal 7: For CEModeA, 
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 bits indicate the Msg3/4 MPDCCH narrowband index.For CEModeB, 3 bits indicate the Msg3/4 MPDCCH narrowband index, and 3 bits indicate the Msg3 PUSCH narrowband index.
Table 4: Random Access Response Grant Content field size
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
	
[image: image20.wmf]NB

index

N


	3

	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	1
	0

	TBS
	0
	0

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
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	3

	Zero padding
	8 - 
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3 Conclusions
In this contribution, some aspects of the support for early data transmission are further discussed, and the following proposals are given:
Proposal 1:
For EDT resource allocation,

·  One RB is not supported for the resource allocation in CEModeA;

·  Reuse the resource allocation for Rel-13 Msg3 transmission in CEModeB.
Proposal 2:
For CE mode A, RIV to support 2-6RB resource allocation is defined as follows:
· If 
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Proposal 3: 
Signal the maximum number of HARQ transmissions for EDT Msg3 as a {1, 2, 4} multiple of the non-EDT Msg3 value.

Proposal 4: 
eNB can enable/disable repetition number changing in the UL grant
Proposal 5: For the repetition number scaling, the scaling factors in Table 1 and 2 are supported
ation in the DCI for saving resource overhead and repetition number.

Proposal 6: 
In the DCI scheduling EDT, eNB can indicate

· EDT Msg 3 retransmission with the initial selected TBS;

· EDT Msg 3 retransmission with the maximum configured TBS;
· Legacy Msg3 transmission;
Proposal 7: For CEModeA, 
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 bits indicate the Msg3/4 MPDCCH narrowband index.For CEModeB, 3 bits indicate the Msg3/4 MPDCCH narrowband index, and 3 bits indicate the Msg3 PUSCH narrowband index.
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