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1 Introduction
There are diverse requirements for NB-IoT services, which may include coverage, battery life/power consumption, latency and data volume. For example, if the use case is water metering report, then deep coverage and long battery life are the key requirements while the latency and data volume is not regarded as key requirements. But if it is an electricity metering report, maybe deep coverage, latency and data volume maybe key requirements while battery life is not so important. Even for the same use case (e.g. same industry application), different owners may have different subscription priority to get the service. 
In this paper, we discuss the QoS enhancement for group based Qos enhancement for NB-IoT users. 
2 Discussion
Considering the multi-faceted requirements for NB-IoT service, a combination of service requirements is used to identify different industry application which includes following key aspects: 

· Coverage requirement: support deep coverage or not; 

· Battery life requirement: the configuration of eDRX;

· Latency requirement: which is reflected as QCI in LTE, but has no requirement in NB-IoT;

· Data Volume: which is defined in [1] as one of QoS parameter;

2.1 Single UE QoS indication
2.1.1 Coverage requirement
It is agreed in RAN3 [1] that whether for one UE the coverage enhancement is allowed or not. 

If the Enhanced Coverage Restricted IE is included in the message from MME to eNB, the eNB shall store this information in the UE context and use it. The new IE is defined as following: 
9.2.1.xxx
Enhanced Coverage Restricted

This IE provides information on the restriction information of using Coverage Enhancement.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Enhanced Coverage Restricted
	O
	
	ENUMERATED (restricted, ...)
	Indicates whether the UE is restricted to use coverage enhancement.

Value “restricted” indicates that the UE is not allowed to use coverage enhancement.
	-
	-


2.1.2 eDRX configuration
For NB-IoT, the eDRX is configured per UE and used for paging reception. The parameter is related to battery life and defined in [2] as shown in the table 9.2.1.111. 
9.2.1.111
Paging eDRX Information

This IE indicates the Paging eDRX parameters as defined in TS 36.304 [20].

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Paging eDRX Cycle
	M
	
	ENUMERATED (hfhalf, hf1, hf2, hf4, hf6, hf8, hf10, hf12, hf14, hf16, hf32, hf64, hf128, hf256, …)
	TeDRX defined in TS 36.304 [20]. Unit: [number of hyperframes].

	Paging Time Window
	O
	
	ENUMERATED (s1, s2, s3, s4, s5, s6, s7, s8, s9, s10, s11, s12, s13, s14, s15, s16, …)
	Unit: [1.28 second].


2.1.3 Latency requirement

For both CP solution and UP solution, the latency requirement is shown in the QCI which is one of QoS parameters as shown in table 9.2.1.15.
9.2.1.15
E-RAB Level QoS Parameters

This IE defines the QoS to be applied to an E-RAB.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	E-RAB Level QoS Parameters
	
	
	
	

	>QCI
	M
	
	INTEGER (0..255)
	QoS Class Identifier defined in TS 23.401 [11].

Coding specified in TS 23.203 [13].

	>Allocation and Retention Priority
	M
	
	9.2.1.60
	

	>GBR QoS Information
	O
	
	9.2.1.18
	This IE applies to GBR bearers only and shall be ignored otherwise.


2.1.4 Data volume requirement
The data volume for User plane CIoT optimization is defined in UE Aggregate Maximum Bit Rate included in INITIAL CONTEXT REQUEST message.

The data volume for Control plane CIoT optimization is defined in UE Aggregate Maximum Bit Rate included in new agreed UE INFORMATION TRANSFER message in [3]. 
9.1.4.1
INITIAL CONTEXT SETUP REQUEST

This message is sent by the MME to request the setup of a UE context.
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
	reject

	MME UE S1AP ID
	M
	
	9.2.3.3
	
	YES
	reject

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	reject

	UE Aggregate Maximum Bit Rate
	M
	
	9.2.1.20
	
	YES
	reject

	E-RAB to Be Setup List
	
	1
	
	
	YES
	reject

	>E-RAB to Be Setup Item IEs
	
	1 .. <maxnoofE-RABs>
	
	
	EACH
	reject

	>>E-RAB ID
	M
	
	9.2.1.2
	
	-
	

	>>E-RAB Level QoS Parameters
	M
	
	9.2.1.15
	Includes necessary QoS parameters.
	-
	

	>>Transport Layer Address
	M
	
	9.2.2.1
	
	-
	

	….
	
	
	
	
	
	


9.1.4.Y
UE  INFORMATION  TRANSFER
The message is sent by the MME to transfer UE information over the S1 interface.

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
	reject

	S-TMSI
	M
	
	9.2.3.6
	
	YES
	reject

	UE Aggregate Maximum Bit Rate
	O
	
	9.2.1.20
	
	YES
	ignore

	UE Level QoS Parameters
	O
	
	E-RAB Level QoS Parameters 9.2.1.15
	Includes QoS parameters.
	YES
	ignore

	UE Radio Capability
	O
	
	9.2.1.27
	
	YES
	ignore


Observation 1: It is enough to use above four parameters: Enhanced Coverage Restricted, Paging eDRX information, QCI and UE Aggregate Maximum Bit Rate to show the requirement for one UE’s service. 

Note: As for QCI, there is no differentiation for NB-IoT from latency point of view. However for some NB-IoT services e.g street light control, the latency also very important. So the QCI for NB-IoT is expected to be defined in SA2 and transferred to eNB in RAN3. 
2.2 Requirement for group UE QoS indication 

Unlike eMBB services, there are clear requirements to control a group of UEs. For example, generally for water meters, there are same requirements from coverage, battery life, latency and data volume aspects. Meanwhile, for electric meter and street light control, the requirement from above four aspects may quite different comparing to water meter. 
A parameter identifying the combination of above requirements helps to identify a group of UEs which are provide the same service and the eNB should schedule them in the same method without identifying these UE one by one. By these parameters, the eNB knows for different group of UEs, e.g. for power efficient UEs, they need to be scheduled as soon as possible if there is no latency sensitive service. While as for power insensitive UEs, they can be scheduled later. This helps for eNB scheduling efficiency. For example, if the water meter customer complains about the coverage for its UEs, the eNB can easily schedule the resource for the group of UEs which belong to water meter without having to identifying their UEs one by one. 

The parameter also helps to identify the same service with different owner. Similar as per-UE scheduling, there may be different priorities between different owners who are provide the same industry application. For example if there are two water meter owners, owner A has higher priority and owner B has lower priority. In the network resource congestion case, the UEs belong to owner A should have priority to get radio resource than the UEs belong to owner B. in this case the parameter can be set differently for different Owners with different priorities. 
Observation 2: It is beneficial for the eNB to be informed of the characteristics of a group of UEs, without having to identify each UE individually.

Proposal 1: A parameter identifying the group of UEs who provides service with the same requirements from above four aspects should be specified in RAN3 to helps the eNB adjust its resource efficiently. 
Proposal 2: The parameter should cover the requirements coverage, battery life, latency and data volume, the four aspects can reuse the definition in RAN3 as analysed above. 
3 Conclusion
In this document, we have analysed the requirements from coverage, battery life, latency and data volume for per UE scheduling and the requirements for group UEs and made the following observation and proposals.
Observation 1: it is enough to use above four parameters: Enhanced Coverage Restricted, Paging eDRX information, QCI and UE Aggregate Maximum Bit Rate to show the requirement for one UE’s service. 
Observation 2: It is beneficial for the eNB to be informed of the characteristics of a group of UEs, without having to identify each UE individually.

Proposal 1: A parameter identifying the group of UEs who provides service with the same requirements from above four aspects should be specified in RAN3 to helps the eNB adjust its resource efficiently. 

Proposal 2: The parameter should cover the requirements coverage, battery life, latency and data volume, the four aspects can reuse the definition in RAN3 as analysed above. 
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