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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.

1
Scope
The present document is intended to capture the output of the study item on Signalling and procedure for interference avoidance for in-device coexistence, which was approved at TSG RAN#48. 
The objective of the SI is to investigate suitable mechanisms for interference avoidance from signaling and procedure point of view to facilitate the coexistence scenario that LTE and GPS/ ISM radio within the same device working in adjacent frequencies or sub-harmonic frequencies. The work under this study should take the following steps:
（1） Evaluate whether existing RRM mechanisms could be utilized to effectively solve the coexistence problems that arise in supporting the scenarios abovementioned and guarantee the required QoS in LTE with proper GPS/ISM operation.
（2） If legacy signaling and procedure are not sufficient to ensure required performance in the interested coexistence scenario, study enhanced mechanisms to better avoid interference and mitigate the impact caused by ISM radio.

Impact on legacy LTE UEs should be minimized.
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] 
3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".
[3] 
Current and Planned Global and Regional Navigation Satellite Systems and Satellite-based Augmentations Systems International Committee on Global Navigation Satellite Systems Provider’s Forum, United Nations, Office of outer space affairs.
[4] 
3GPP TS 36.305: "Stage 2 functional specification of User Equipment (UE) positioning in E-UTRAN".
[5] 
TR 23.861 V1.3.0 Multi access PDN connectivity and IP flow mobility
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] 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 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.
In-device Coexistence Interference: when transmitting in one frequency band interferes with receiving in another, within the same UE. 

ISM Radio: the radio transceiver operating in ISM band
3.2
Symbols

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

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] 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 [x].

Abbreviation format (EW)

ISM band
Industrial, scientific and medical band
GPS
Global Positioning System
BT                       Bluetooth
GNSS                  Global Navigation Satellite System
4
Scenarios
 [Editor’s note: This section covers the coexistence scenarios that the study work is focusing on]
In order to allow users to access various networks and services ubiquitously, an increasing number of UEs are equipped with multiple radio transceivers. For example, a UE may be equipped with LTE, WiFi, and Bluetooth transceivers, and GNSS receivers. One resulting challenge lies in trying to avoid coexistence interference between those collocated radio transceivers. Figure 4-1 shows an example of coexistence interference.
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Figure 4-1: Coexistence interference the same UE

Due to extreme proximity of multiple radio transceivers within the same UE, the transmit power of one transmitter may be much higher than the received power level of another receiver. By means of filter technologies and sufficient frequency separation, the transmit signal may not result in significant interference. But for some coexistence scenarios, e.g. different radio technologies within the same UE operating on adjacent frequencies, current state-of-the-art filter technology might not provide sufficient rejection. Therefore, solving the interference problem by single generic RF design may not always be possible and alternative methods needs to be considered. An illustration of such kind of problem is shown in Figure 4-2.
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Figure 4-2: Example of coexistence interference
 from in-device ISM transmitter to E-UTRA receiver
4.1
Coexistence interference scenarios
In this subclause, the coexistence interference scenarios between LTE radio and other radio technologies are described. 3GPP frequency bands around 2.4GHz ISM band are illustrated in Figure 4.1-1 [2]. 
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Figure 4.1-1: 3GPP frequency bands around ISM band
LTE coexisting with WiFi
There are 14 channels demarcated in ISM band for WiFi operation. Each channel has 5 MHz separation from other channel with an exception of channel number 14 where separation is 12 MHz. Channel 1 starts with 2401 MHz and channel 14 ends at 2495 MHz. Different countries have different policies for number of allowed channels of WiFi. Most of the countries allow only channel 1 to 13, while only in Japan usage of channel number 14 is allowed for IEEE 802.11b. The transmitter of LTE band 40 will affect receiver of WiFi and vice-versa. Since band 7 is a FDD band so there is no impact on LTE receiver from WiFi transmitter but WiFi receiver will be affected by LTE UL transmitter.
LTE coexisting with Bluetooth
Bluetooth operates in 79 channels of 1 MHz each in ISM band. The first channel starts with 2402 MHz and the last channel ends at 2480 MHz. Similar as WiFi case, the activities of LTE band 40 and BT will disturb each other, and the transmission of LTE band 7 UL will affect BT reception as well.
LTE Coexisting with GNSS
Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS), and Quasi Zenith Satellite System (QZSS) [3], [4]. GNSS systems operate in various frequencies globally with country specific deviations:

-
Frequencies of operation for GPS, Modernised GPS: L1 (1575.42 MHz), L2(1227.6 MHz), L1C (1575.42 MHz), L2C (1227.6MHz), L5(1176.45 MHz);
-
Frequencies of operation for Galileo: E1(1575.42MHz), E5A(1176.45 MHz), ALTBOC(1191.795MHz), E5B (1207.14 MHz), E6(1278.75 MHz);
-
Frequencies of operation for GLONASS:  L1(1602.0 MHz), L2 (1246.0 MHz);
-
Frequencies of operation for Compass: Same frequencies as Galileo;
-
Frequencies of operation for QZSS and SBAS: Same frequencies as GPS.
Therefore, the problematic cases for collocated LTE and GNSS include:
-
Band 13 (UL: 777-787 MHz) /14 (UL: 788-798 MHz) can cause interference to L1/E1 frequency of GNSS (1575.42 MHz) as it is close to second harmonics of band 13/14 (1554-1574 MHz for band 13, 1576-1596 MHz for band 14);

-
Galileo is supporting proposal for new global allocation at 2.5 GHz for GNSS, which will be affected by band 7 LTE collocated operation [3];

-
Indian Regional Navigation Satellite System uses IRNSS standard position and restricted services are transmitted on L5 (1164-1215 MHz) and S (2483.5-2500 MHz) bands [3], which will be affected by band 7 LTE collocated operation.

Summary of in-device coexistence interference scenarios
Based on the above analysis, some examples of the problematic coexistence scenarios that need to be studied are:
-
Case 1: LTE Band 40 radio Tx causing interference to ISM radio Rx;

-
Case 2: ISM radio Tx causing interference to LTE Band 40 radio Rx;

-
Case 3: LTE Band 7 radio Tx causing interference to ISM radio Rx;

-
Case 4: LTE Band 7/13/14 radio Tx causing interference to GNSS radio Rx.

4.2
Usage scenarios
In order to facilitate the study, it is also important to identify the usage scenarios that need to be considered. This is because different usage scenarios will lead to different assumption on behaviours of LTE and other technologies radio, which in turn impact on the potential solutions.
1) LTE + BT earphone
In the scenario of LTE voice over IP, the voice traffic transmitted by BT is actually from/to LTE, where the traffic activities between LTE and BT will be very similar because of the end-to-end latency requirement. Another scenario is that multimedia (e.g. HD video) is downloaded by LTE and audio is routed to a BT headset, where the traffic activities between LTE and BT are correlated as well.
The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
2) LTE + WiFi portable router
In this scenario, LTE is considered as a backhaul link to access the Internet, and the connectivity is shared by other local users using WiFi. In this scenario, the WiFi transceiver is operated as an AP and has full control on frequency channel and transmitting power.
The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
3) LTE + WiFi offload
In this scenario, an LTE UE can also connect to WiFi to offload traffic from LTE. In this scenario, the WiFi transceiver of the UE operates as a terminal (not AP) in infrastructure mode. It is difficult for the WiFi radio to change the configured frequency channel. In addition, the WiFi radio has to keep listening to the beacon signal transmitted from WiFi AP for maintaining connection. This usage scenario is getting studied in 3GPP [5].
The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
4) LTE + GNSS Receiver
This usage scenario considers that the LTE UE is also equipped with the GNSS (e.g. GPS) receiver to support location services. 
The coexistence interference case 4 of section 4.1 may happen in this usage scenario.
5
Potential solutions for interference avoidance
[Editor’s note: This section is intended to capture potential solutions to solve the in-device coexistence issues described in section 4. The effectiveness of existing solutions and envisioned enhancement will be analyzed and evaluated in this section.]
5.1
Introduction
5.1.1
Modes of interference avoidance
5.1.1.1
Uncoordinated mode
In this mode, different technologies within the same UE operate independently without any internal coordination between each other, as illustrated in Figure 5.1.1.1-1.
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Figure 5.1.1.1-1 Uncoordinated mode
5.1.1.2
Coordinated within UE only
In this mode, there is an internal coordination between the different radio technologies within the same UE, which means that at least the activities of one radio is known by other radio. However, the network is not aware of the coexistence issue possibly experienced by the UE and is therefore not involved in the coordination.
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Figure 5.1.1.2-1: Coordinated within UE only
5.1.1.3
Coordinated within UE and with network 
In this mode, different radio technologies within the UE are aware of possible coexistence problems and the UE can inform the network about such problems. It is then mainly up to the network to decide how to avoid coexistence interference.
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Figure 5.1.1.3-1: Coordinated with network level
5.1.2
Potential solution directions
5.1.2.1
Move LTE Signal away from ISM Band
The basic concept of this solution is illustrated on Figure 5.1.2.1-1, where LTE signal is led away from ISM band in frequency domain. 
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Figure 5.1.2.1-1: Potential solutions to move LTE signal away from ISM band
5.1.2.2
Move ISM Radio Signal away from LTE Frequency Band
The basic concept of this solution is illustrated on Figure 5.1.2.2-1, where ISM radio signal is led away from LTE frequency band in frequency domain. In order to help ISM radio complete the necessary procedure to enable this option, LTE may also need to avoid coexistence interference to ISM radio during the initial stage.
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Figure 5.1.2.2-1: Move ISM radio signal away from LTE frequency band
5.1.2.3
Time Division Multiplexing (TDM)
The basic concept of this solution is illustrated on Figure 5.1.2.3-1. It consists in ensuring that transmission of a radio signal does not coincide with reception of another radio signal.
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Figure 5.1.2.3-1: Time division multiplexing for coexistence interference avoidance
6
Conclusion
[Editor’s note: This section captures the conclusion of the study. The section can be formulated in such way that the contents can be used as an input of further specification work.]
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