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1 Introduction
A new WID on further NB IoT enhancements was approved at RAN#75 and revised at RAN#76 and RAN#77[1]. 
One of the objective is about UE differentiation as follows:

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. 

The topic was discussed briefly in RAN2#99 and an e-mail discussion [99#44][NB-IoT] UE differentiation [2] took place prior to RAN2#99bis to identify parameters that would be beneficial at the eNB for operation of the Uu interface and how these parameters become available at the network. 

As a result, a LS was sent to SA2 [3] including the set of identified parameters and asking SA2 to provide feedback on the feasibility of defining these parameters with a high predictability/reliability and a fine granularity.

SA2 has sent a reply LS in [4] as follows:

	SA2 would like to inform RAN2 that SA2 has already defined the following Communication Pattern parameters (see TS 23.682 subclause 5.10.1 and TS 29.336 subclause 8.4.26):

Such Communication Pattern parameters are stored as part of the subscription data in the HSS and provided to the MME during ATTACH/TAU procedures or updated via Insert Subscription Data procedure. Please note that the Communication Pattern parameters may also be provided to the network via the SCEF using the T8 interface (e.g. network APIs) and an external Service Capability Server or Application Server (SCS/AS) can update the Communication Pattern at any time. The MME may use such parameters to derive the CN Assistance Information sent to the eNB (see TS 23.401 subclause 4.3.21). The two aforementioned features are not specific to NB-IoT but applicable to E-UTRAN in general.

The parameters listed by RAN2 in their LS could, if the requirements on their characteristics can be fulfilled, be added to the list of Communication Pattern parameters and could be considered for provisioning to the eNB. 

In order to do so, for the listed parameters, it is important for SA2 to understand:

1. Which level of granularity is needed?

2. Which level of reliability is needed?

3. Which parameters are considered essential?

4. Are there potential dependencies between the parameters?
5. Is the information provided by the parameters static, semi-static or dynamic?
6. What is the definition of these parameters?


In this document, we discuss the characteristics of the parameters as well as their potential use and try to answer the questions raised by SA2.
2 Discussion 
2.1 Background

Today, NB-IoT applications are quite diverse with very different service requirements in terms of e.g. mobility, latency, throughput, power consumption, and coverage enhancements …
Examples of NB-IoT applications with their service characteristics are provided in the table below

	Application
	Mobility
	Coverage enhancements
	Traffic throughput
	traffic type
	Latency
	Power consumption 

	Gas/water meter
	stationary
	deep
	UL > 250 bps (*)
	UL triggered. Periodic.
	<1 mn (*)
	Very sentitive, > 10 years

	Smart meter
	stationary
	deep
	UL > 250 bps (*)
	UL triggered. Periodic.
	<1 mn (*)
	powered

	Street Lighting
	stationary
	normal
	DL: < 1Kbps (*)
	DL triggered only. Periodic
	< 5s
	powered

	Smart parking
	stationary
	medium
	UL > 1Kbps (*)
	UL triggered. Event triggered
	< 30s
	> 5 years

	Parcel tracking
	> 30 km/h
	medium
	UL > 1Kbps (*)
	UL triggered. Periodic
	< 30s
	> 3 months

	Smart bikes
	< 30 km/h
	Medium

	UL > 1Kbps (*)
	UL triggered. 
Periodic and event triggered
	< 5s
	> 2 years

	(*) : No industry standard


The eNB needs to adapt its scheduling strategy to the service to fulfill the service requirements using multiple inputs and multiple criteria:
-
scheduling prioritisation 
-
physical layer resource configuration 
-
DRX parameters 
-
RLF timers

-
Inactivity timers 

To do this, the eNB uses the information provided by the operator specific QCI together with the information it got an internal knowledge of (e.g. required coverage level, UE capability). 

The QoS parameters provide information on the priority, the expected bit rate and the latency, Adding more information to it, such a battery information, mobility information, or communication pattern will exponentially increase the number of QCIs required and the complexity of configuring these QCIs.
As illustrated in the table, many NB-IoT services have a predictable traffic pattern. Their knowledge at the eNB will be useful information for the scheduling.

2.2 Analysis of the parameters
2.2.1 Communication Pattern
As indicated in SA2 LS [4], the communication patterns are described in TS 23.682 [5] and the detailed definition is provided in TS 29.336 [6] and replicated below:

	CP parameter
	
Description in TS 23.682 [5]
	Description in TS 29.336 [6]

	1) Periodic communication indicator
	Identifies whether the UE communicates periodically or not, e.g. only on demand. [optional]
	The Periodic-communication-indicator AVP is of type Unsigend
32. The following values are defined:

PERIODICALLY (0)

ON_DEMAND (1)

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

Example: 5 minutes
	The Communication-duration-time shall be only provided when the Periodic-Communication-Indicator is set to PERIODICALLY
The Communication-duration-time AVP is of type Unsigned32 and shall provide the time in seconds of the duration of the periodic communication.

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

Example: every hour
	The Periodic-time shall be only provided when the Periodic-Communication-Indicator is set to PERIODICALLY
Periodic-time AVP is of type Unsigned32 and shall provide the time in seconds of the interval for periodic communication.

	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
	The Scheduled-communication-time AVP is of type Grouped.
Scheduled-communication-time ::= <AVP header: 3118 10415>

[ Day-Of-Week-Mask ]

[ Time-Of-Day-Start ]

[ Time-Of-Day-End ]

*[AVP] 

If Day-Of-Week-Mask is not provided this shall be interpreted as every day of the week.

If Time-Of-Day-Start is not provided, starting time shall be set to start of the day(s) indicated by Day-Of-Week-Mask. 

If Time-Of-Day-End is not provided, ending time is end of the day(s) indicated by Day-Of-Week-Mask

	5) Stationary indication
	Identifies whether the UE is stationary or mobile [optional]
	The Stationary-indication AVP are of type Unsigned32.


STATIONARY_UE (0)


MOBILE_UE (1)


As can be seen in the above table, the parameters and their dependencies are fully defined in TS 29.336 [6] and their granularity is more than sufficient.

Proposal 1: Indicate to SA2 that the communication pattern parameters defined in TS 29.336 [6] are suitable for the purpose of UE differentiation.
Q1: Which level of granularity is needed?

A1: The granularity defined in TS 29.336 is adequate for all parameters

Q2: Which level of reliability is needed?

The communication pattern should represent the basic mode of communication of the device. Only in exceptional cases, the actual communication may not happen, e.g. because the UE is temporarily out of service, overload / congestion control is active and the UE is barred from access …, but this should be very rare events. This does not imply that other communication, e.g. an alarm, cannot take place in addition.

Considering these are subscription parameters and provided by the CN, we assume they are reliable.

A2: Parameters stored in the subscription and provided by the CN are assumed to be reliable.
Q3: Which parameters are considered essential?

We think the periodic indicator is an essential information at the eNB. It can be used, e.g. to release/reject the UE first in case of congestion as other reports are expected in the future, It also provides the knowledge that the communication follows a predictable pattern than the eNB may eventually learn. 
The periodic time will provide additional useful information, that could be used for example to pre-allocate radio resource is ‘SPS in Idle mode’ is supported but can also be used to adjust some timers, e.g. keeping the UE slightly longer in connected mode to be sure that no DL data are pending in the network or setting the extendedWaitTime in case of congestion
The communication time is very dependent of the radio conditions and eNB scheduling, thus it cannot be predictable.

The Scheduled communication time can be useful in conjunction with the periodic indicator in a similar way to the periodic time.
We see the stationary indication as an essential information at the eNB. It can be used in many ways, e.g. to setup the number of transmission repetitions in a less conservative way as the coverage level is unlikely to change during the short life of the communication, or to setup the RLF parameters so the UE only reselects to another in the last resort. It can be used also to optimise paging or as a condition to pre-allocate resource, e.g. for SPS. 
A3: The Stationary indication and the periodic indicator are essential information, the periodic time and the scheduled time are useful information in combination of the periodic indicator.
Q4: Are there potential dependencies between the parameters?
As discussed in Q3, the stationary indication is as a standalone information, and the other communication parameters can be seen as a set.
A4: The Stationary indication is a standalone information. The periodic indicator can be used as a standalone parameter or together with the periodic time and the scheduled time.
Q5: Is the information provided by the parameters static, semi-static or dynamic?
In our view, the information is only reliable and thus useful if static or semi-static.
A5: The parameters should be static or semi-static to be reliable and thus useful.
Q6: What is the definition of these parameters?
A6: The definition of the parameters in TS 29.336 is adequate for all parameters.
2.2.2 Traffic profile

In the RAN2 LS [3], traffic profile parameters were also proposed: e.g. Single packet transaction, UL only, UL followed by DL, Typical Packet size. These parameters do not exist today and, if agreed, will need to be added in TS 23.682 [5].
We do see a benefit at the eNB in having the knowledge of a single packet transmission (UL or DL) vs dual packet transmission (UL with subsequent DL, or DL with subsequent UL) vs multiple packet transmissions. This can be used for example to set up the C-DRX parameters or the inactivity timers. With regards to the typical packet size, it seems more difficult to have a reliable and usable information, e.g. if the application uses IP or COAP, the size of the headers may be variable.
Proposal2: Ask SA2 to introduce a ‘traffic profile’ parameter in the communication pattern.
Q1: Which level of granularity is needed?
A1: the following values are proposed: {single-transmission, dual-transmission, multiple-transmissions} 
Q2: Which level of reliability is needed?
Similarly to the communication pattern parameters, the traffic profile parameter should represent the basic mode of communication of the device. Only in exceptional cases, e.g. exception report or SW download, the information might not be correct. We assume that the subscription parameter represent the normal case. Same as in section 5.2 as the parameter is stored as part of the subscription and provided by the CN, we think it is reliable.
A2: A parameter stored in the subscription and provided by the CN is assumed to be reliable.
Q3: Which parameters are considered essential?
A3: The traffic profile is considered as an essential parameter.
Q4: Are there potential dependencies between the parameters?

A4: The traffic profile is as standalone parameter.
Q5: Is the information provided by the parameters static, semi-static or dynamic?

A5: The parameter should be static or semi-static to be reliable and thus useful.
Q6: What is the definition of these parameters?
A6: Type of data transmission:
· Single-transmission:
   Single packet transmission (UL or DL) 
· Dual-transmission: 
   Dual packet transmission (UL with subsequent DL, or DL with subsequent UL) 
· Multiple-transmissions: Multiple packet transmissions (one or a few UL and/or one or a few DL (in any combination or order))
2.2.3 Battery indication

Finally, the last parameter included in the RAN2 LS [3] was the battery indication. In the LS, we have indicated that this means ‘battery not rechargeable/ not changeable’. Actually, we think the information conveyed should be that the device will benefit from battery consumption optimisations. 
The information is an essential information for the eNB for the setting of the parameters. If the eNB knows that the device is not battery powered (e.g. the street lights), the eNB may for example privilege latency vs power consumption and keep the UE longer in connected mode or configure the UE with shorter C-DRX.
During the email discussion and at RAN2#100, some companies proposed to report the current battery status (e.g. remaining life time in Watts,hours or percentage of utilisation). We do not see how this could be useful at the eNB. We are also concerned from a UE point of view on how this could be defined.

Proposal 3: Ask SA2 to introduce a ‘Battery-indication” parameter in the communication pattern. 

Q1: Which level of granularity is needed?
A1: two values as follows: BATTERY-POWERED { YES, NO }

Q2: Which level of reliability is needed?
A2: A parameters stored in the subscription and provided by the CN is assumed to be reliable..
Q3: Which parameters are considered essential?
A3: The battery indication is considered as an essential parameter.
Q4: Are there potential dependencies between the parameters?

A4: The battery indication is as standalone parameter.
Q5: Is the information provided by the parameters static, semi-static or dynamic?

A5: The battery indication is as static or semi-static parameter.
Q6: What is the definition of these parameters?
A6: Indication whether the device is battery powered or not:

· YES: the device is battery-powered
· NO:  the device is not battery-powered
3 Conclusion
In this document we have discussed the characteristics of the proposed UE differentiation parameters and we have made the following proposals:

Proposal 1: Indicate to SA2 that the communication pattern parameters defined in TS 29.336 [6] are suitable for the purpose of UE differentiation

Proposal2: Ask SA2 to introduce a ‘traffic profile’ parameter in the communication pattern parameters.
Proposal 3: Ask SA2 to introduce a ‘Battery-indication” parameter in the communication pattern parameters.

We have also discussed possible answers to SA2 questions for each of the parameters and we propose to reply according to SA2. A draft reply LS is provided in [7].
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