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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The coexistence of Multiple RATs introduces many operational coordination problems for network operators. The co-existence of various RATs (i.e. LTE/UMTS/GSM/CDMA/WLAN) is an obvious reality and it will remain relevant in the future. This raises important issues for operators in terms of coordination across the RATs to achieve better user experience (QoE), efficient resource usage, higher network capacity and easier maintenance, especially in a multi-vendor environment. For an operator with multi-RAT networks, frequent updated information from all RATs (radio resource management, mobility and traffic load) is required in order to enable efficient coordination by the network. It will be beneficial to consider a general Multi-RATs coordination from RAN perspective.
1
Scope

The present document provides descriptions and possible solutions of use cases for the multi-RAT joint operation, and also provides analysis of these solutions. Considerations with regards to requested functionality in scope of other 3GPP groups, if any, may be captured in this document as well.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
RP-132086  New SID: Study on Multi-RAT joint coordination CMCC, China Unicom, Huawei
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
Spectrum re-allocation:

Assignment of spectrum from one RAT to another, in a reversible manner, for a period of time (temporal) or in an area (spatial). 


It consists of these categories:


Temporal Spectrum re-allocation:


The re-allocation is for a time period that is dynamic, semi-static or static.

Dynamic should be understood in terms of seconds or minutes
Semi-static should be understood in terms of hours or days

Static (also known as spectrum refarming) should be understood in terms of months or years.  

Spatial Spectrum re-allocation



The re-allocation is for a particular area, which is smaller than a whole geographic region.  Both spatial and temporal re-allocation may be combined.

Traffic Steering: 
The network triggers the offload of traffic of some served/camped UEs from one RAT to another.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

4
General Requirements
4.1
Requirements

4.1.1
Requirements from the SID

The requirements in the objectives of the SID [2] are shown here numbered for reference:

1. Identify the potential scenarios and use cases where Multi-RAT coordination would be useful; including LTE, UMTS, GSM, CDMA and WLAN.
a. Identify and evaluate potential benefits and functionalities for joint operation among different RATs, including:
b. Steering of UEs among different RATs, taking into account service type, user experience, processing capacity, backhaul constraints and/or traffic load, and consequent mobility enhancement;
2. Efficient multi RAT joint radio resource coordination to improve load balancing and for an operator to enable, e.g. spectrum re-farming.

3. Investigate the potential enhancements of RAN interfaces and procedures to support the joint operation among different RATs as described above, taking into account the following:
a. Reuse existing RAN interfaces and procedures as much as possible;
b. No impact on UE operation and air interfaces.
c. Possibility to support different architectures/implementations. 
4.1.2
Requirements for Study

The requirements to guide the study are shown in Table 4.1.2.1.

Table 4.1.2.1 Requirements

	
	Requirement
	Justification 
	Comment

	1
	Consider these RATs: LTE, UMTS, GSM, CDMA, WLAN
	From SID: 1, these are the basic RATs mentioned.
	

	2
	No architectural changes or internal interface changes to the CN.
	This is a RAN SI so internal changes to CN are out of scope.
	

	3
	No impact on UE operation and air interfaces.
	From SID: 3b.
	

	4
	Reuse existing RAN interfaces and where possible existing procedures
	From SID: 3a which says ‘where possible’. 
	Reuse existing interfaces and avoid creating new interfaces for legacy RATs that would make upgrade of existing deployments difficult.

	5
	Both dynamic solutions and longer term solutions (e.g. UE Steering,  load balancing after spectrum re-farm) should be considered.
	From SID: 2a and 2b. UE steering requires some per call operations, whereas introduction of new RAT deployments and spectrum re-farming may require some long term changes.
	

	6
	No adverse impact on legacy systems performance.
	Legacy network performance should not be negatively impacted.
	

	7
	Consider the inter-RAT co-ordination Interactions scenarios in Tables 4.2.1 and 4.2.2.
	Based on information in the SID and motivational document
	


4.2
Interactions
The study covers multiple RATs and not all interactions between every RAT are either useful or in scope. 

Two aspects are considered:


Traffic Steering


Spectrum reallocation

Table 4.2.1 Interaction Scenarios for Traffic/UE steering

	From         To
	LTE
	UMTS
	GSM
	CDMA
	WLAN

	LTE
	x
	TrSteer
	TrSteer
	TrSteer Note 1
	TrSteer Note 2

	UMTS
	TrSteer
	x
	TrSteer
	TrSteer Note 1
	TrSteer Note 2

	GSM
	TrSteer
	TrSteer
	X
	Out of Scope
	Out of scope

	CDMA
	TrSteer Note 1
	TrSteer Note 1
	Out of scope
	x
	Out of Scope

	WLAN
	TrSteer Note 2
	TrSteer Note 2
	Out of scope
	Out of scope
	x


Note 1 : CDMA is not under 3GPP responsibility

Note 2: RAN2/SA2 progress on WLAN interworking has to be considered.

Table 4.2.2 Interaction Scenarios for Spectrum Reallocation

	From         To
	LTE
	UMTS
	GSM
	CDMA
	WLAN

	LTE
	x
	SR
	SR
	SR Note 1
	Out of Scope

	UMTS
	SR
	x
	SR
	SR Note 1
	Out of Scope

	GSM
	SR
	SR
	x
	Out of Scope
	Out of Scope

	CDMA
	SR Note 1
	SR Note 1
	Out of scope
	x
	Out of Scope

	WLAN
	Out of scope
	Out of scope
	Out of scope
	Out of scope
	x


Note 1 : CDMA is not under  3GPP responsibility
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