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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#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.

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 partition and TBS extension discussed in below.
NPRACH partition
In the last RAN2 meeting, PRACH partition was agreed to indicate UE’s intention to use UL early data transmission in Msg3. For NB-IOT, one straight forward partition scheme is to use carrier domain partition, i.e., configuring NPRACH resource for UL EDT in non-anchor PRB. It is a clean scheme and no any impacts on legacy NPRACH capacity. For time domain and frequency domain NPRACH partition, it is possible considering eNB’s flexibility on NPRACH configuration. 
Proposal #1: At least carrier domain NPRACH partition should be supported, and the details should be up to RAN2. Time and frequency domain NPRACH partition is FFS.
In addition, NPRACH partition should 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 NPRACH partition should be supported including normal NPRACH not for EDU. To save NPRACH capacity, two levels of NAS PDU size can be acceptable, e.g. 50/100bytes. 
If it is agreed to use NPRACH partition to indicate Msg3 size, NPRACH capacity will be limited considering NPRACH partition for multiple purposes, e.g. for multiple CE levels, and for multiple Msg3 sizes. For example, assuming three CE levels and three levels of Msg3 size, about 9 partitions of NPRACH is needed. Thus, NPRACH capacity may need to be increased. For NPRACH structure, a nature scheme to improve NPRACH capacity is to use OCC sequence over NPRACH symbol group. For example, an OCC sequence of length 4 can bring quadruple NPRACH capacity. 
Proposal #2: NPRACH partition should be further used for indication of Msg3 size, and OCC sequence over symbol group can be considered to improve 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
In current specification, TBS of Msg3 NPUSCH for NB-IOT UE is fixed to 88bits. To support UL early data transmission via Msg3, TBS value of Msg3 NPUSCH needs to be extended. Table 1 shows an example of MCS index table for TBS extension of Msg3 NPUSCH, wherein MCS field is extended to 4bits. Here, the supported multiple levels of TBS value of 392/584/1000bits is corresponding to around 25/50/100 bytes NAS PDU size carried in Msg3 respectively. In another example, RU indication may be split from current MCS index table and need a dedicated field to indicate more TBS values. Thus, RAR grant size need an extension of at least 2~3 bits.
Proposal #3: RAR grant size should be extended to support multiple levels of TBS value and a maximum TBS of 1000 bits.
Table 1: One example of MCS index 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

	‘0011’
	pi/4 QPSK
	QPSK
	4
	392 bits

	‘0100’
	pi/4 QPSK
	QPSK
	3
	392 bits

	‘0101’
	pi/4 QPSK
	QPSK
	5
	584 bits

	‘0110’
	pi/4 QPSK
	QPSK
	3
	584 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

	‘1100’
	reserved
	reserved
	reserved
	reserved

	‘1101’
	reserved
	reserved
	reserved
	reserved

	‘1110’
	reserved
	reserved
	reserved
	reserved

	‘1111’
	reserved
	reserved
	reserved
	reserved


[bookmark: _GoBack]
In the last RAN2 meeting, there is one RAN2 agreement ‘Maximum possible grant size for Msg3 is broadcast per CE level’. Based on the agreement, MCS table design can be further optimized. For example, the interpretation of MCS index is dependent on the broadcasted maximum Msg3 size for each CE level. For a large CE level, the supported maximum Msg3 size may be less than 1000bits. Thus, for the large CE level, using the same size of MCS index field, more TBS values and/or much smaller granularity of coding rate can be provided comparing with above table 1. The detailed design can be FFS. 
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 #4: 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: At least carrier domain NPRACH partition should be supported, and the details should be up to RAN2. Time and frequency domain NPRACH partition is FFS.
Proposal #2: NPRACH partition should be further used for indication of Msg3 size, and OCC sequence over symbol group can be considered to improve NPRACH capacity.
Proposal #3: RAR grant size should be extended to support multiple levels of TBS value and a maximum TBS of 1000 bits.
Proposal #4: 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.
References
[bookmark: _Ref471288572][bookmark: _Ref456181409][bookmark: _Ref477769764][bookmark: _Ref481515825]RP-170836, “Further NB-IoT enhancements”, RAN#75, source Huawei
Final report on RAN1#90Bis meeting
Final report on RAN2#99Bis meeting
 
oleObject1.bin
Timing Advance Command


UL Grant


UL Grant


Oct 1


Timing Advance Command


Temporary C-RNTI


Temporary C-RNTI


UL Grant


Oct 2


Oct 3


Oct 4


Oct 5


Oct 6


R


R



image2.wmf
MCS

I


oleObject2.bin

image3.wmf
kHz

 

75

.

3

=

D

f


oleObject3.bin

image4.wmf
15 kHz

f

D=


oleObject4.bin

image5.wmf
0,1,...,11

sc

I

=


oleObject5.bin

oleObject6.bin

image6.wmf
11

sc

I

>


oleObject7.bin

image7.wmf
RU

N


oleObject8.bin

image1.emf
Timing Advance Command Oct 1

Timing Advance 

Command

UL Grant

UL Grant

Temporary C-RNTI

Temporary C-RNTI

UL Grant Oct 2

Oct 3

Oct 4

Oct 5

Oct 6

R

R


