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1 Introduction
A new WID on further NB IoT enhancements was approved at RAN#75 and revised at RAN#76[1]. 
One of the objective is about UE differentiation as follows:

A-6. UE differentiation

· Determine what, if any, additional UE-specific information is considered beneficial in the UE Information Transfer procedure for NB-IoT [RAN2, RAN3]. SA2 input should be taken into consideration.

In this document, we discuss UE information that would be beneficial at the eNB for the purpose of eNB scheduling and optimised UE power consumption.

2 Discussion 
2.1 Background
In NB-IoT, there is no QoS handling as there is only one default data bearer and it is difficult for the eNB to tune parameters for scheduling, e.g. DRX parameters, inactivity timer, Rel-15 SPS parameters and so on. Similarly, there is no indication about the particular service requirements in terms of e.g. power consumption, latency, coverage enhancements.

Without this information, it is difficult for the eNB to optimise the scheduling based on the requirements of the service or of the service provider. 
In Rel-12, a study on small data application communications enhancement took place [3] and “CN assistance data” was a solution identified to enable the RAN to adjust/optimize the RAN parameters. This solution could be extended with NB-IoT specific information.
2.2 Differentiation information for NB-IoT
In NB-IoT, power consumption, resource usage and latency are key requirements and the scheduling should be optimised to fulfill these requirements. Also, different services or service providers have different ‘priority’ and this should also be taken into account.

In order to optimize the scheduling, the eNB needs knowledge of the service and of the service provider.
Some information are already available today but not specific to NB-IoT and thus not necessary helpful to optimize the scheduling according to NB-IoT specific requirements: e.g.  
· The communication pattern described in TS 36.682 used by the MME to derive the “Expected UE behaviour” information (“UE activity behaviour” and "Expected HO interval”).
Table 1: CP parameters in TS 23.682
	CP parameter
	Description

	1)
Periodic communication indicator
	Identifies whether the UE communicates periodically or not, e.g. only on demand. [optional]

	2)
Communication duration time
	Duration interval time of periodic communication [optional, may be used together with 1)]

Example: 5 minutes

	3)
Periodic time
	Interval Time of periodic communication [optional , may be used together with 1)]

Example: every hour

	4)
Scheduled communication time
	Time zone and Day of the week when the UE is available for communication [optional]

Example: Time: 13:00-20:00, Day: Monday

	5)
Stationary indication
	Identifies whether the UE is stationary or mobile [optional]


	Table 2: 
Expected UE Activity Behaviour in 36.413IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Expected Activity Period
	O
	
	INTEGER (1..30|40|50|60|80| 100|120|150|180| 181, ...)
	If this IE is set to "181" the expected activity time is longer than 180 seconds.

The remaining values indicate the expected activity time in [seconds].

	Expected Idle Period
	O
	
	INTEGER (1..30|40|50|60|80| 100|120|150|180| 181, ...)
	If this IE is set to "181" the expected idle time is longer than 180 seconds.

The remaining values indicate the expected idle time in [seconds].

	Source of UE Activity Behaviour Information
	O
	
	ENUMERATED (subscription information, statistics, ...)
	If "subscription information" is indicated, the information contained in the Expected Activity Period IE and the Expected Idle Period IE, if present, is derived from subscription information.

If "statistics" is indicated, the information contained in the Expected Activity Period IE and the Expected Idle Period IE, if present, is derived from statistical information.


· The Subscriber Profile ID: this is used for idle mode only to setup the dedicated priorities
· The dedicated CN ID and UE usage type: this is used to select the MME. However, many different applications can use the same MME (e.g. one MME dedicated for all NB-IoT applications). 
· QoS: QCI/ARP: in NB-IoT, there is only data bearer, thus the information can only be used to differentiate between UEs during admission control or overload control or scheduling prioritisation.
· Delay tolerant: indicated in the establishment cause, used for admission control and congestion control 
Observation 1: The Communication Pattern described in 23.682 is a useful information for eNB scheduling but the derived information “UE activity behaviour” and "Expected HO interval” is not targeted to NB-IoT.
Observation 2: Information such as the “Periodic communication indicator”, “Communication duration time”, “Periodic time”, “Scheduled communication time” and “Stationary indication” can be useful information for eNB scheduling.
Additional details about the traffic profile (e.g. single vs. multiple packets transaction, UL only vs. UL followed by DL, typical amount of data) would also be useful so the eNB can decide e.g. whether to provide speculative grants or semi persistent UL grants. etc.

Observation 3: Details about the traffic profile would be useful, e.g. single vs. multiple packets transaction, UL only vs. UL followed by DL, typical packet size.
Observation 4: the QoS (QCI/ARP) information is a useful information for prioritisation but does not allow differentiation of different types of traffic.

Observation 5: New QCI values reflecting typical NB-IoT service requirements, e.g. in term of delay requirements and data criticality would be useful.
Beside information related to the communication pattern, it would be useful for the eNB to be aware of the service requirements in terms coverage enhancement so the eNB can, for example, adjust the number of repetitions in a more or less conservative way (e.g. an outdoor UE is unlikely to require a lot of coverage level enhancements, a stationary UE is unlikely to see its coverage level change during a connection…).

Observation 6: Knowledge of the coverage enhancement requirements would be useful for the allocation of the resources.
Also, knowledge of the power consumption requirements (e.g. PSM vs. eDRX, replaceable battery or 10 year battery life) could help the eNB to optimise the setting of the different parameters, e.g. DRX parameters/ Inactivity timer or prioritise the scheduling of UEs with stringent power consumption requirement as early as possible.
Observation 7: Knowledge of the power consumption requirements would be useful to tune the different parameters.

The table below illustrates how the information identified above could be used to optimise the scheduling w.r.t to the service characteristics.

Table 3: 
UE differentiation parameters usage
	Usage

UE differentiation parameters
	DRX parameters/ Inactivity timer 
	Pre-allocation of resource, prospective grants, 

Early data transmission…
	Resource usage
	Prioritisation 

	Communication pattern
	x
	x
	x
	

	QoS
	
	x
	x
	x

	Coverage enhancements requirement
	
	
	x
	x

	Power consumption requirement
	x
	x
	
	


3 Conclusion
In this document we have discussed UE information that could be useful for eNB scheduling and made the following observations:

Observation 1: The Communication Pattern described in 23.682 is a useful information for eNB scheduling but the derived information “UE activity behaviour” and "Expected HO interval” is not targeted to NB-IoT.

Observation 2: Information such as the “Periodic communication indicator”, “Periodic time” and “Scheduled communication time”, and “Stationary indication” can be useful information for eNB scheduling.

Observation 3: Details about the traffic profile would be useful, e.g. single vs. multiple packets transaction, UL only vs. UL followed by DL, typical amount of data…).

Observation 4: the QoS (QCI/ARP) information is a useful information for prioritisation but does not allow differentiation of different types of traffic.
Observation 5: New QCI values reflecting typical NB-IoT service requirements, e.g. in term of delay requirements and data criticality would be useful.
Observation 6: Knowledge of the coverage enhancement requirements would be useful for the allocation of the resources.

Observation 7: Knowledge of the power consumption requirements would be useful to tune the different parameters.

We propose that RAN2 discusses the different parameters in this document and compile a list of information useful for scheduling and inform SA2/RAN3 accordingly.
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