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Introduction

The WID of Rel-16 MTC enhancements for LTE and WID of Rel-16 enhancements for NB-IoT were approved in RAN#80. The WIDs have been revised for several times and the lasted ones are approved in RAN#84 [1] and RAN#85[2]. The following objective is included in both of these WIDs:
	Improved DL transmission efficiency and/or UE power consumption:

Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]


In RAN3 #105bis meeting, it has been agreed that DL data size will be included in the S1 paging message for MT-EDT support, and the value is FFS.

In this contribution, we will discuss the value range of Data Size in Paging for MT-EDT, and give our proposal.
Discussion
As agreed in SA2 that the Data Size will be included in S1 Paging only if MME decides that MT-EDT can be used for the data transmission, the value range of Data Size in S1 Paging should not be more than the maximal TB size that MT-EDT can be transmitted, otherwise, the value range over maximal TB size that MT-EDT can be transmitted will never be used and will cost extra S1 signalling size. 
Observation 1: The value range of Data Size in S1 Paging should not be more than the maximal TB size that MT-EDT can be transmitted.

The maximal DL TB size is specified in 36.306 per UE category[3] as follows: 

	Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
UE DL Category

Maximum number of DL-SCH transport block bits received within a TTI (Note 1)

Maximum number of bits of a DL-SCH transport block received within a TTI

Total number of soft channel bits

Maximum number of supported layers for spatial multiplexing in DL

DL Category M1

1000

1000

25344

1

DL Category M2

4008

4008

73152

1

Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB
UE Category

Maximum number of DL-SCH transport block bits received within a TTI

Maximum number of bits of a DL-SCH transport block received within a TTI

Total number of soft channel bits

Category NB1

680

680

2112
Category NB2 

2536

2536

6400




Based on the UE category, it can concluded that:

For the LTE-M, the UE with category M1 can support the DL TB size of at most 1000 bits, and the UE with category M2 can support the DL TB size of at most 4008bits. 

For the NB-IoT, the UE with category NB1 can support the DL TB size of at most 680bits, and the UE with category NB2 can support the DL TB size of at most 2536bits. 

It is common understanding that MME can always identify the UE type(e.g. LTE-M UE or NB-IoT UE) based on the TAC, because the identification is necessary for proper paging delivery. Thus, the maximal DL TB size only depends on the UE category.
Observation 2: The maximal DL TB size depends on the UE category.

Based on the current specification, UE only reports its category in the UE radio capability(e.g. UECapabilityInformation from UE to eNB and UE CAPABILITY INFO INDICATION from eNB to MME), which is transparent to MME.

Observation 3: Based on the current specification, the UE category is not aware in MME.
With different UE category delivery method, the value range of Data Size and maximal TB size that can be transmitted over MT-EDT are different, as follows:

Option 1: UE category is not aware in MME during paging stage.
With this option, UE category is not necessary to be delivered to MME during paging stage. Since the UE category can not be aware, only the minimal UE capability can be used for the MT-EDT. E.g. for LTE-M UE, the DL TB size for MT-EDT should not be more than 1000bits, and for NB-IoT UE, the DL TB size for MT-EDT should not be more than 680bits. Otherwise, the DL TB size may exceed the UE capability.

Observation 4: If the UE category is not aware in MME during paging stage, the Data size in S1 Paging should not be more than1000 bits for LTE-M UE, and should not be more than 680 bits for NB-IoT UE.
Option 2: UE category is aware in MME during paging stage.

With this option, MME can be aware of the UE category and can decide the maximal TB size that the UE supports.e.g.

For LTE-M category M1 UE, the DL Data size should not be more than 1000bits, otherwise, it can not be transmitted over MT-EDT.
For LTE-M category M2 UE, the DL Data size should not be more than 4008bits, otherwise, it can not be transmitted over MT-EDT.
For NB-IoT category NB1 UE, the DL Data size should not be more than 680bits, otherwise, it can not be transmitted over MT-EDT.
For NB-IoT category NB2 UE, the DL Data size should not be more than 2536bits, otherwise, it can not be transmitted over MT-EDT.
Based on the MME decision per UE category, the Data Size in S1 Paging will always not exceed the UE capability and can always be feasible to be transmitted over MT-EDT. 

Observation 5: If the UE category is aware in MME, the Data size that is not more than the UE category can be included in S1 Paging and can be transmitted over MT-EDT.
Nevertheless, UE category should be transmitted to MME. Generally, the UE category can be delivered to MME by NAS signalling along with MT-EDT capability delivery.

Observation 6: The UE category can be delivered to MME by NAS signalling along with MT-EDT capability delivery.
In MO-EDT, option 1 is selected because eNB can not obtain the UE category when scheduling the UL grant for EDT Msg3. but for MT-EDT, based on the analysis for option 2, UE category can be obtained in MME. Based on the following comparison, with the UE category delivery to MME, option 2 can deliver the suitable data size in S1 Paging that can be transmitted over MT-EDT. 
	
	Option 1
	Option 2

	Advantage
	Simple, e.g. UE category is not necessary to be delivered to MME
	The Data size that can be transmitted over MT-EDT will be included in S1 Paging.

	Disadvantage
	Some data size(e.g. 961~2536bits for category NB2 UE, and 1001~4008bits for category M2 UE) can not be transmitted over MT-EDT even it is feasible.
	UE category should be delivered to MME


Observation 7: Option 2 can deliver the suitable data size in S1 Paging that can be transmitted over MT-EDT.
Proposal 1: The value range of Data Size in S1 PAGING for MT-EDT is based on the UE category: 

For LTE-M category M1 UE, the DL Data size should not be more than 1000bits.
For LTE-M category M2 UE, the DL Data size should not be more than 4008bits.
For NB-IoT category NB1 UE, the DL Data size should not be more than 680bits.
For NB-IoT category NB2 UE, the DL Data size should not be more than 2536bits.
Proposal 2: If proposal 1 is approved, send Ls to SA2 to delivery the UE category to MME by NAS signalling. 
Based on the discussion, we provide the related TP in Appendix and Ls to SA2 in[4].
Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: The value range of Data Size in S1 Paging should not be more than the maximal TB size that MT-EDT can be transmitted.

Observation 2: The maximal DL TB size depends on the UE category.

Observation 3: Based on the current specification, the UE category is not aware in MME.

Observation 4: If the UE category is not aware in MME during paging stage, the Data size in S1 Paging should not be more than1000 bits for LTE-M UE, and should not be more than 680 bits for NB-IoT UE.

Observation 5: If the UE category is aware in MME, the Data size that is not more than the UE category can be included in S1 Paging and can be transmitted over MT-EDT.

Observation 6: The UE category can be delivered to MME by NAS signalling along with MT-EDT capability delivery.

Observation 7: Option 2 can deliver the suitable data size in S1 Paging that can be transmitted over MT-EDT.
Proposal 1: The value range of Data Size in S1 PAGING for MT-EDT is based on the UE category: 

For LTE-M category M1 UE, the DL Data size should not be more than 1000bits.
For LTE-M category M2 UE, the DL Data size should not be more than 4008bits.
For NB-IoT category NB1 UE, the DL Data size should not be more than 680bits.
For NB-IoT category NB2 UE, the DL Data size should not be more than 2536bits.
Proposal 2: If proposal 1 is approved, send Ls to SA2 to delivery the UE category to MME by NAS signalling.  
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Appendix

TP to BL CR#1682 Introduction of MT Early Data Transmission to TS36.413
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< Begin of Change >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
9.1.6 
PAGING

This message is sent by the MME and is used to page a UE in one or several tracking areas.
Direction: MME ( eNB
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.1.1
	
	YES
	ignore

	UE Identity Index value
	M
	
	9.2.3.10
	
	YES
	ignore

	UE Paging Identity
	M
	
	9.2.3.13
	
	YES
	ignore

	Paging DRX
	O
	
	9.2.1.16
	
	YES
	ignore

	CN Domain
	M
	
	9.2.3.22
	
	YES
	ignore

	List of TAIs
	
	1
	
	
	YES
	ignore

	>TAI List Item
	
	1 .. <maxnoofTAIs>
	
	
	EACH
	ignore

	>>TAI
	M
	
	9.2.3.16
	
	-
	

	CSG Id List
	
	0..1
	
	
	GLOBAL
	ignore

	>CSG Id
	
	1 .. <maxnoofCSGId>
	9.2.1.62
	
	-
	

	Paging Priority
	O
	
	9.2.1.78
	
	YES
	ignore

	UE Radio Capability for Paging
	O
	
	9.2.1.98
	
	YES
	ignore

	Assistance Data for Paging
	O
	
	9.2.1.103
	
	YES
	ignore

	Paging eDRX Information
	O
	
	9.2.1.111
	
	YES
	ignore

	Extended UE Identity Index Value
	O
	
	9.2.3.46
	
	YES
	ignore

	NB-IoT Paging eDRX Information
	O
	
	9.2.1.115
	
	YES
	ignore

	NB-IoT UE Identity Index value
	O
	
	9.2.3.47
	
	YES
	ignore

	Enhanced Coverage Restricted
	O
	
	9.2.1.123
	
	YES
	ignore

	CE-Mode-B Restricted
	O
	
	9.2.1.129
	
	YES
	ignore

	Data size
	O
	
	
	

	YES
	ignore

	>CHOICE UE Category
	M
	
	
	
	
	

	>>Category M1
	
	
	INTEGER (0..1000, …) 
	The unit is: bit/s
	YES
	ignore

	>>Category M2
	
	
	INTEGER (0..4008, …) 
	The unit is: bit/s
	YES
	ignore

	>>Category NB1
	
	
	INTEGER (0..680, …)
	The unit is: bit/s
	YES
	ignore

	>>Category NB2
	
	
	INTEGER (0..2536, …)
	The unit is: bit/s
	YES
	ignore


	Range bound
	Explanation

	maxnoofTAIs
	Maximum no. of TAIs. Value is 256.

	maxnoofCSGIds
	Maximum no. of CSG Ids within the CSG Id List. Value is 256.


<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< End of Change >>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
