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Introduction
[bookmark: _Ref421460494][bookmark: OLE_LINK11]The LTE release 15 efeMTC WID [1] includes one objective on support for early data transmission. In the last meeting, there are some RAN1 agreements [2] and RAN2 agreements [3] on early data transmission as following:
RAN1#90Bis agreements:
· 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.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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.
· [bookmark: OLE_LINK4]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.

RAN2#99Bis Agreements:
· [bookmark: _Hlk495657201]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.
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]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.

Based on above agreements, we discussed possible specification impacts to support early data transmission from RAN1 perspective including UL early data transmission and DL early data transmission.
UL early data transmission
From RAN1 perspective, there are two possible specification impacts to support UL EDT, i.e. PRACH partition and TBS extension discussed in below.

PRACH partition
In the last RAN2 meeting, PRACH partition was agreed to indicate UE’s intention to use UL early data transmission in Msg3. A straightforward scheme of PRACH partition is to use preamble domain partition which is currently used for group A and group B. For time domain partition, PUSCH/PUCCH resource may be restricted since additional PRACH resource in time domain will consume a large number of continuous subframes for a large CE level. For frequency domain partition, the number of candidate narrowband of PRACH will be limited for a small system bandwidth, e.g. 1.4MHz, 3MHz and 5MHz. However, time and frequency domain PRACH partition can provide more flexibility for eNB’s PRACH configuration.
Proposal #1: At least preamble domain PRACH partition should be supported, and the details should be up to RAN2. Time and frequency domain PRACH partition is FFS.
Considering the number of UEs intending to use EDT in Msg3 in practical network may be small, the impact on legacy PRACH capacity caused by PRACH partition may be acceptable. If PRACH capacity is not an issue, PRACH partition can be further used for indication of Msg3 size. Thus, eNB can provide more precise scheduling for Msg3 to avoid resource waste for the case of extreme small data size. To match with three levels of NAS PDU size carried in Msg3, e.g. 25/50/100bytes, a maximum four levels of PRACH partition should be supported including normal PRACH not for EDT. 
In addition, the PRACH partition for multiple level of Msg3 size should be configured per CE level, and the number of partitioned PRACH groups may be different for each CE level and dependent on the broadcasted maximum Msg3 size for the CE level. If the broadcasted maximum Msg3 size is not larger than one predefined value, the functionality of UL EDT in Msg3 is disabled for the CE level, and PRACH partition is not needed for the CE level.
[bookmark: OLE_LINK7]Proposal #2: If PRACH capacity is not an issue, PRACH partition should be further used for indication of Msg3 size.
TBS extension for Msg3 PUSCH
In the last RAN1 meeting, it was agreed that it is feasible to support a maximum TBS of 1000bits in Msg3 for Rel-13 BL/CE UEs. In current specification, the maximum TBS value of Msg3 PUSCH is 712bits and 328bits for CE Mode A and Mode B respectively. TBS value of Msg3 PUSCH needs to be extended to support UL EDT with up to 1000 bits TBS. Considering legacy RAR and Rel-15 EDT RAR may be multiplexed in a MAC PDU, backward compatibility of MAC RAR CE should be preserved. That is, current RAR grant size should be reused to keep backward compatibility of MAC RAR CE since there is no reservation field in current RAR MAC CE for both CE Mode A and CE Mode B, as showed in Figure 1 and Figure 2.
Proposal #3: Current RAR grant size should be reused to keep backward compatibility of MAC RAR CE for both Mode A and Mode B.
Current RAR grant content and field size in following Table 1 can be directly reused. For 3 bits MCS field for CE mode A and 2 bits TBS field for CE Mode B, the interpreted TBS value can be reassigned to support around 1000bits. For reassignment of TBS value, current TBS table should be a baseline. Table 2 and table 3 give one example of Msg3 PUSCH TBS value for Mode A and Mode B repectively, wherein the TBS value labeled by yellow is the reassigned TBS.
Proposal #4: Current RAR grant format is reused for both CE Mode A and CE Mode B, and TBS value is reassigned to the yellow highlight in the Table 2 and Table 3 for CE Mode A and CE Mode B respectively. 


         
Figure 1: MAC RAR for mode A            Figure 2: MAC RAR for mode B
Table 1: Random Access Response Grant Content field size
	DCI contents
	CE Mode A
	CE Mode B

	Msg3 PUSCH narrowband index
	

	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 - 
	0

	Total Nr-bits
	20
	12



Table 2: One example of Msg3 PUSCH TBS table, CE Mode A 
	

	


	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032



Table 3: One example of Msg3 PUSCH TBS table, CE Mode B
	

	


	
	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032





[bookmark: _GoBack]In last RAN2 meeting, there is one RAN2 agreement ‘Maximum possible grant size for Msg3 is broadcast per CE level’. Based on the agreement, TBS table design can be further optimized. For example, the TBS table may be dependent on the broadcasted maximum Msg3 size for each CE level. For Mode-B, assuming the broadcasted maximum Msg3 size is less than 600bits, much smaller granularity of MCS/TBS level can be provided comparing with above table 3 with a maximum TBS of around 1000bits, e.g. the TBS values at  and are reassigned to support a maximum TBS of 600bits. 
Sub-PRB Msg3
In the last meeting, sub-PRB is under active discussion to increase PUSCH spectrum efficiency. One of the issues is whether to support sub-PRB for Msg3. In another accompanying paper [4], specification impacts of sub-PRB allocation are discussed, wherein resource allocation needs to be redesigned. To support sub-PRB Msg3, besides specification impact on RAR grant content, a key specification impact is that PRACH partition needs to be used to differentiate legacy UE and Rel-15 UEs using sub-PRB Msg3. Considering current PRACH partition for multiple CE levels and above PRACH partition for indication of EDT and possible indication of Msg3 size, PRACH partition will be more complex and PRACH capacity will be a problem if supporting sub-PRB for Msg3. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal #5: Msg3 needn’t support sub-PRB allocation considering complex PRACH partition and limited PRACH capacity.
DL early data transmission
For DL early data transmission during RACH procedure after PRACH transmission and before RRC connection setup, it means DL early data transmission is exactly carried by Msg4 since UE ID information cannot be captured by eNB before Msg3 transmission. Currently, there is no restriction for TBS value of Msg4 PDSCH which is the same as normal PDSCH. Msg4 PDSCH scrambled by temporary C-RNTI can be used for combined transmission of DL data payload and RRC message. From RAN1 perspective, there is no any specification impact to support DL early data transmission via Msg4. 
Observation #1: From RAN1 perspective, there is no any specification impact to support DL early data transmission using Msg4.
Conclusion
In this contribution, we discussed possible specification impacts to support early data transmission from RAN1 perspective. Based on above discussion, we have following proposals:
Proposal #1: At least preamble domain PRACH partition should be supported, and the details should be up to RAN2. Time and frequency domain PRACH partition is FFS.
Proposal #2: If PRACH capacity is not an issue, PRACH partition should be further used for indication of Msg3 size.
Proposal #3: Current RAR grant size should be reused to keep backward compatibility of MAC RAR CE for both Mode A and Mode B.
Proposal #4: Current RAR grant format is reused for both CE Mode A and CE Mode B, and TBS value is reassigned to the yellow highlight in the Table 2 and Table 3 for CE Mode A and CE Mode B respectively. 
Proposal #5: Msg3 needn’t support sub-PRB allocation considering complex PRACH partition and limited PRACH capacity.
And observation:
Observation #1: From RAN1 perspective, there is no any specification impact to support DL early data transmission using Msg4.
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