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1 Background
UE differentiation was discussed during RAN2#99bis [1-4]. RAN2 identified a list of UE-specific information that is considered beneficial for the eNB w.r.t. Uu operation, and asked SA2 about the feasibility of defining these parameters with a high predictability/reliability and a fine granularity [5]. SA2 discussed the UE differentiation during SA2#123 [6-11] but no agreements were reached.
A possible way forward for UE differentiation in NB-IoT is discussed in this contribution. 

2 Discussion
2.1 
General
To agree on a list of UE-specific information that is beneficial for the eNB to know, i.e. to discuss and agree on the definition, granularity, source and required reliability is a time-consuming exercise. Furthermore, companies may have different views on what is beneficial for the eNB to know. What is beneficial to know for the eNB may depend on vendor specific implementation. In the past, this type of discussions has proven difficult, for example for Enhancements for Diverse Data Applications (EDDA). For EDDA (only) a powerPrefIndication was agreed i.e. lowPowerConsumption indicates the UE prefers a configuration that is primarily optimised for power saving.
Observation 1: Standardization of a complete list of NB-IoT UE parameters is time consuming. 

In the proposed way forward the number of parameters to standardise is further limited. 

It has been discussed in RAN2 [2] that the eNB can observe most of the UE parameters, i.e. UE characteristics, with the required granularity and reliability. Furthermore, observation in the eNB allows for adaptations when use cases and business models change, i.e. it provide greater flexibility: 

Observation 2: UE specific information can easily, with the required reliability and adaptively be observed in the eNB.

2.2 
Outlining a possible solution
The S1-AP protocol supports already today caching at the MME of UE specific information that is of interest for RAN, like UE Radio Capability (this allows RAN to avoid retrieving this information from the UE at every IDLE-ACTIVE transition). Further, information for an optimized paging process is provided to the CN at S1-MME UE Context Release and stored in the CN for usage at paging.

The type of information requested for UE differentiation is of a similar nature: it would be provided to the MME for transparent storage at transition from ACTIVE to IDLE and provided to the serving RAN node when going back to ACTIVE. 
Observation 3: Data aiding UE differentiation could be provided to the MME at S1-MME UE Context Release.

We could also consider such information to be of use whenever the UE Context is transferred to a new RAN node at Resume.
Observation 4: Data aiding UE differentiation could be provided to the MME at Resume.

The content of information regarding UE differentiation should - along observation 2 - be able to transport vendor specific information. Consequently, the respective IE would need to be encoded as an OCTET STRING.

Observation 5: The actual vendor specific information containing data for UE differentiation can be encoded as an OCTET STRING.

In order to allow an eNB receiving vendor specific information to realize whether it is able to comprehend the information, the eNB generating the information should provide a specific identification that is able to identify the vendor. 

Observation 6: The actual vendor specific information containing should be accompanied by specific identification that is able to identify the vendor:

To give an example, below it is shown how the S1AP UE CONTEXT RELEASE COMPLETE message would be enhanced by the vendor specific UE differentiation information:

<<<<<<<<<<<<<<<<<<<< First Change for TS 36.413 >>>>>>>>>>>>>>>>>>>>
9.1.4.7
UE CONTEXT RELEASE COMPLETE

This message is sent by the eNB to confirm the release of the UE-associated S1-logical connection over the S1 interface.
Direction: eNB ( MME
	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
	ignore

	eNB UE S1AP ID
	M
	
	9.2.3.4
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.1.21
	
	YES
	ignore

	User Location Information
	O
	
	9.2.1.93
	
	YES
	ignore

	Information on Recommended Cells and eNBs for Paging
	O
	
	9.2.1.105
	
	YES
	ignore

	Cell Identifier and Coverage Enhancement Level
	O
	
	9.2.1.109
	
	YES
	ignore

	UE Differentiation Information
	O
	
	9.2.1.xx
	
	YES
	ignore


<<<<<<<<<<<<<<<<<<<< Next Change for TS 36.413 >>>>>>>>>>>>>>>>>>>>

9.2.1.xx
UE Differentiation Information
The UE Differentiation Information IE is generated by an eNB and is transmitted to the MME for storing and later provision to an eNB that is probably different from the eNB that generated the information. It may be also provided to another eNB at inter-eNB mobility signaling.

This IE is transparent to the EPC.

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

	UE Differentiation Information List
	
	1
	
	
	-
	

	>UE Differentiation Information Item
	
	1..<maxnoofUEDiffInfoItems>
	
	
	-
	

	>>Vendor Identification
	M
	
	INTEGER (0..7)
	Each value represents a vendor and is assigned by O&M. 

An eNB receiving the UE Differentiation Information IE can deduce from this identification whether it is able to comprehend the content of the Vendor specific UE Differentiation Information IE.
	-
	

	>>Vendor specific UE Differentiation Information
	M
	
	OCTET STRING (SIZE (1..256))
	
	-
	


	Range bound
	Explanation

	maxnoofUEDiffInfoItems
	Maximum no. of Items in the UE Differentiation Information List IE, the maximum value is 8. 


<<<<<<<<<<<<<<<<<<<< Last Change for TS 36.413 >>>>>>>>>>>>>>>>>>>>

2.3 
Proposed way forward
Proposal 1: Agree on the basic signaling scheme outlined in the Text Proposal for S1AP in section 2.2.

RAN2 will further discuss on standardized UE Differentiation Information. We will propose to specify the following items:

1. Stationary indication (Fixed geo-stationary position)

2. Battery powered (YES or NO))

3. Remaining Battery Lifetime (WattHours)

RAN2 already indicated the benefit of parameters 1 and 2 in the LS to SA2 [5]:

Those specified UE Differentiation Items could be included in the proposed UE Differentiation Information IE as an additional IE on the same level as the UE Differentiation Information List.

Proposal 2: RAN3 to consider introducing standardized UE Differentiation Items within the proposed UE Differentiation Information IE, once agreed in RAN2.
Further, S1AP and X2AP would need to be examined to determine the set of messages that would need to include the UE differentiation information. A preliminary list is given below:

S1AP:

UE CONTEXT RELEASE COMPLETE, INITIAL UE CONTEXT SETUP REQUEST, DOWNLINK NAS TRANSPORT,

UE INFORMATION TRANSFER, CONNECTION ESTABLISHMENT INDICATION, UE CAPABILITY INFO INDICATION
X2AP:

RETRIEVE UE CONTEXT RESPONSE

Proposal 3: Discuss and agree on the list of S1AP/X2AP messages where UE differentiation information needs to be included.

3 Summary

RAN3 is kindly asked to discuss UE differentiation: 

Proposal 1: Agree on the basic signaling scheme outlined in the Text Proposal for S1AP in section 2.2.

Proposal 2: RAN3 to consider introducing standardized UE Differentiation Items within the proposed UE Differentiation Information IE, once agreed in RAN2..

Proposal 3: Discuss and agree on the list of S1AP/X2AP messages where UE differentiation information needs to be included.
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