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Introduction
[bookmark: _Ref421460494]In RAN#75 it was agreed to start the Release 15 work item on Further NB-IoT enhancements, wherein one objective is on support for early data transmission [1]. In the last meeting, there are some RAN1 agreements [2] and RAN2 agreements [3] on early data transmission as following:
RAN1#91 meeting agreements
· 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
· Send reply LS – indicating RAN1 will select from Rel-13 NB PUSCH TBS values. For NB-IoT, it is feasible to support at least 5 MCS/TBS/RU size combinations. 
· Ask RAN2 how many TBS values are needed. 
RAN2#100 meeting agreements
- 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 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. NPRACH partitioning and TBS extension discussed in below.
NPRACH partitioning
In the RAN2#99 meeting, PRACH partitioning was agreed to indicate UE’s intention to use UL early data transmission in Msg3. And, in the RAN2#100 meeting, one agreement is that NPRACH partitioning for EDT indication is configured per enhanced coverage level. Here, NPRACH partitioning means NPRACH resource pool, i.e. physical layer resources, preambles/subcarriers, for EDT indication is separate from NPRACH resource pool for legacy NRACH procedure. Physical layer resource includes time domain resource and frequency domain resource. For frequency domain resource, carrier domain NPRACH partitioning should be considered, i.e., configuring NPRACH resource for UL EDT in non-anchor PRB which is different from anchor PRB with legacy NPRACH procedure. It is a clean scheme and no any impacts on legacy NPRACH capacity.
Proposal #1: Carrier domain NPRACH partitioning for UL EDT should be considered to provide more NPRACH capacity. 
TBS extension for Msg3 NPUSCH
Currently, there is a reservation field of 5bits ‘R’ after UL grant in the MAC RAR CE for NB-IOT UEs as showed in figure 1. The reservation field can be used to extend RAR grant size. And, there will not be ambiguity for legacy UE when legacy RAR and Rel-15 EDT RAR are multiplexed in a MAC PDU. This means current RAR grant size can be extended by 1~5 bits and no any impact on backward compatibility of MAC RAR CE. 
Observation #1: Current RAR grant size can be extended by 1~5 bits and no any impact on backward compatibility of MAC RAR CE.


Figure 1: MAC RAR CE for NB-IoT UEs
Current RAR grant content and field size are showed in following Table 1. Except MCS/RU/TBS index field, other content and field size can be directly reused, e.g. uplink subcarrier spaing, subcarrier indication, scheduling delay and so on. For MCS/RU/TBS index field, legacy 88bits should be kept to support scheduling of legacy Msg3 even if Msg1 with EDT request is transmitted. Besides 88bits, a single TBS may be enough for EDT Msg3 due to one working assumption in the last RAN2 meeting ‘PRACH resource partitioning is not supported to indicate the intended data size other than legacy or maximum TBS broadcast per CE’. Thus, current five reserved MCS/RU/TBS status can be used to indicate the single TBS value with different conding rate as showed in table 2 with a maximum TBS of 1000bits .
Proposal #2: Current RAR grant format is reused, and reserved status of MCS/RU/TBS field can be used to indicate a single TBS with maximum 1000bits.
Table 1: Random Access Response Grant Content and field size
	DCI contents
	CE Mode A

	Uplink subcarrier spacing
	1

	Subcarrier indication 
	6

	Scheduling delay
	2

	Msg3 repetitions number
	3

	MCS/RU/TBS index
	3

	Total Nr-bits
	15



Table 2: One example of MCS/RU/TBS table for Msg3 NPUSCH
	
MCS Index

	Modulation




 or and
	Modulation



and
	Number of RUs


	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

	‘0111’
	pi/4 QPSK
	QPSK
	8
	1000 bits

	‘1000’
	pi/4 QPSK
	QPSK
	7
	1000 bits

	‘1001’
	pi/4 QPSK
	QPSK
	6
	1000 bits

	‘1010’
	pi/4 QPSK
	QPSK
	5
	1000 bits

	‘1011’
	pi/4 QPSK
	QPSK
	4
	1000 bits



In the last RAN2 meeting, one agreement is 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. This means the maximum possible TBS size is broadcast per CE level. And, the broadcast value can be chosen from a specified TBS set, e.g. one set including 2~4 candidate TBS values. For example, one set including three TBS value of {392, 584, 1000} which is corresponding to around 25/50/100 bytes NAS PDU size carried in Msg3 respectively.
Proposal #3: The supported maximum TBS is configured per CE level, and the configured value is chosen from a specified TBS set.
Since the maximum possible grant size for Msg3 is broadcast per CE level, MCS/RU/TBS table design can be further optimized. For example, the interpretation of MCS index is configurable and dependent on the broadcasted maximum Msg3 size. For example, assuming a maximum possible TBS value ‘M’ is broadcast, the reserved five status can be used indicate the TBS value with different coding rate. In another word, multiple MCS/RU/TBS tables similar to above table 2 are specified, and have one-to-one mapping with the broadcast maximum possible TBS for Msg3. 
Proposal #4: MCS/RU/TBS table can be configurable and dependent on the broadcast maximum possible TBS for Msg3. 
Multi-tone Msg3
Currently, Msg3 NPUSCH is limited to single-tone transmission when NPRACH repetition number is configured to be 32 or more. For the case of Msg3 carrying UL EDT, multi-tone transmission can significantly save overall transmission time especially for a large TBS and a large repetition level. Therefore, the limitation is not reasonable and no any specification impacts to remove the limitation. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Proposal #5: Multi-tone Msg3 should be supported for all NPRACH repetition levels when Msg3 is used for UL EDT. 
DL early data transmission
For DL early data transmission during RACH procedure after NPRACH 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 NPDSCH which is the same as normal NPDSCH. DCI format N1 scrambled by temporary C-RNTI can be used to schedule Msg4 NPDSCH 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. 
[bookmark: OLE_LINK12]Observation #2: 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: Carrier domain NPRACH partitioning for UL EDT should be considered to provide more NPRACH capacity. 
Proposal #2: Current RAR grant format is reused, and reserved status of MCS/RU/TBS field can be used to indicate a single TBS with maximum 1000 bits.
Proposal #3: The supported maximum TBS is configured per CE level, and the configured value is chosen from a specified TBS set.
Proposal #4: MCS/RU/TBS table can be configurable and dependent on the broadcast maximum TBS for Msg3. 
Proposal #5: Multi-tone Msg3 should be supported for all NPRACH repetition levels when Msg3 is used for UL EDT. 
And observations:
Observation #1: Current RAR grant size can be extended by 1~5 bits and no any impact on backward compatibility of MAC RAR CE.
Observation #2: From RAN1 perspective, there is no any specification impact to support DL early data transmission using Msg4.
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