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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]                         R4-102416, In-device coexistence interference between LTE and ISM bands, Qualcomm
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R4-102268, LS on in-device coexistence interference,TSG-RAN WG4 to TSG-RAN WG2, May 2010
[4] 



R4-100706, Coexistence studies between LTE and WLAN, CMCC.
     [5]




R4-100707, Addition of LTE UE RF requirements for coexistence with WLAN, CMCC.

     [6]




3GPP TS 36.101: “User Equipment (UE) radio transmission and reception”


[7]
                      3GPP TS 36.331: “Radio Resource Control (RRC) Protocol specification”
     [8]                      R2-104910, Problem Scenarios and Proposed Solutions for In-device Coexistence, Qualcomm
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.

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
4
Scenarios
 [Editor’s note: This section covers the coexistence scenarios that the study work is focusing on]
The severe degradation in performance of LTE and ISM due to in-device interference has been established in [2]. An earlier liaison document [3] from RAN4 to RAN2 had also addressed the same issue. There have been other contributions in RAN4 regarding LTE and ISM coexistence as well [4,5]. The ISM band (2.4-2.48 GHz) is close to Band 40 (2.3-2.4GHz intended for LTE TDD) and also Band 7 (2.5-2.6 GHz for LTE UL).  

The coexistence scenarios from the point of view of LTE can be categorized into the following scenarios – 

· Scenario 1: Multi frequency/alternate high data rate RAT deployment  - only LTE UL causing interference to another technology:  LTE Band 7 UL deployed in 2510MHz channel can desense the entire ISM band but ISM may not affect the corresponding DL channel in B7 since it is further away from the ISM band. Also, for some channels in Band 40, LTE UL may desense the entire ISM band but ISM may not desense the LTE DL. 

· Scenario 2: Multi-frequency/alternate high data rate RAT deployment - LTE DL experiencing interference from another technology: ISM in lower 20MHz can desense all channels in LTE Band 40. Also, ISM technology in any part of its band can desense the upper 20MHz of LTE Band 40. In addition to interference seen on DL, LTE UL may also be causing interference to the other technology in this scenario.

· Scenario 3: No alternate frequency or high data rate RAT available–either LTE UL or DL experiencing in-device coexistence issue: In both scenarios 1 and 2, it is assumed that there are multiple frequency channels/RATs available for LTE in a deployment area so that there may exist some channels/RAT among these which are not affected by in-device coexistence. However, this will not be the case if all frequencies in the deployment suffer from coexistence issue and only low data rate alternate RATs such as 2G systems are available. 
5
Effectiveness of existing mechanisms for interference avoidance
[Editor’s note: This section is intended to analyse and evaluate the effectiveness of existing solutions to solve the in-device coexistence issues described in section 4.]
5.1 Scenario 1: Multi-frequency/high data rate RAT deployment - LTE interfering with another technology

It was shown in [2] that BT error rate is unacceptable when LTE is active in some channels of Band 7 or even Band 40 for some BT channel conditions. Even though there is no degradation to LTE, simultaneous operation with BT can result in disruption in voice services terminating in a BT headset. This will be unacceptable by the consumer. A similar issue exists when LTE transmissions interfere with GPS. Currently, there is no RRM mechanism that can solve this issue since LTE by itself does not experience any degradation.

5.2 Scenario 2: Multi-frequency/high data rate RAT deployment - Another Technology interfering with LTE  

It was shown in [2] that LTE DL error rate can be very high (44-55% on PDSCH) when BT is active and LTE is deployed in Band-40. A normal handover procedure for LTE with RRC message exchange is not guaranteed to succeed in this scenario. Typically, we can expect the high DL error rates to instead lead to a DL RLF. Subsequently the UE can attempt to re-establish the connection by accessing another frequency.  There are two problems associated with this behaviour – 

1. QoS degradation during RLF: The DL RLF mechanism in LTE is supposed to be used only in extreme scenarios such as coverage holes and is not designed for maintaining QoS guarantee of an on-going connection. The time to declare RLF can be quite large, depending on the network settings of the RLF timer T310 and N310 counter. Once the UE has declared DL RLF, it has to perform initial search and then access a different channel which leads to additional delay. The total latency to declare RLF and establish a connection on a new frequency channel can be up to 1.5 seconds. The latency analysis is shown in Error! Reference source not found.
2. Ping-pong effect: Even if the UE re-establishes the connection on a different frequency channel, the network can still handover the UE back to the original frequency channel that was corrupted by the in-device interference. This is a likely scenario because the desired signal strength on the corrupted channel may be higher and this will be reflected in the measurement reports based on RSRP to the eNB. Hence, a ping-pong effect of being transferred back and forth between the corrupted channel and the desired channel can happen if the eNB uses RSRP reports to make handover decisions. This scenario is particularly likely if the coverage is different on different carrier frequencies causing the corrupted channel to be the strongest one.
The QoS degradation due to latency associated with accessing another frequency may be acceptable if it only happens once when the interfering technology become active but this needs further discussion. The ping-pong effect may also be avoided if the eNB uses RSRQ measurements instead of (or in addition to) RSRP to make handover decisions. However, given that the eNB cannot identify the UEs that may be using their ISM radio, it will have to configure all UEs in the cell for RSRQ measurements, leading to additional configuration/reporting overhead.
5.3 Scenario 3: No alternate frequency/high data rate RAT 

In the worst case, there may neither be other frequencies nor other high data rate RATs available to the UE. In this case, the eNB currently does not have mechanisms for interference avoidance, for example, coordinated time sharing of  LTE with other technologies on the UE. 
6
Envisioned enhancement for interference avoidance
[Editor’s note: This section is intended to describe the candidate enhancements that are beneficial to mitigate the interference and facilitate in-device coexistence. Any solution in this section must be verified to be effective in mitigating coexistence problems described in section 4, and the corresponding assessment will be captured in this section.]
The following are a set of solutions for mitigating the impact of the in-device interference for LTE. More details of these solutions have been discussed in [8].
6.1 UL RLF solution

This solution is applicable to Scenario 1. It consists of the UE declaring UL RLF and accessing another frequency channel which is known to cause reduced interference to the other technology. The standard needs to explicitly allow such a UE procedure.

6.2 Message based solutions

This solution is applicable to Scenarios 1 and 2. A message based solution consists of the UE sending the details of the interference being seen to the eNB. The message can contain a list of elements, each identiying interference scenario between a Carrier Frequency or RAT and the interfering technology. This can be a dynamic message that provides updates on the interference conditions as necessary. The following information needs to be sent by the UE for the condition of each frequency or RAT being reported - 
1. Carrier Frequency: The information would be in the existing ARFCN-ValueEUTRA format (as specified in [6, Table 5.7.3-1]) with either one channel value if default Tx-Rx separation is assumed or two channel values if default separation is not assumed. This can either be the serving frequency or any another frequency.
2. RAT: This can be in the form of existing message formats such as ARFCN-ValueUTRA, CarrierFreqGERAN or CarrierFreqCDMA2000 [6]. This will mainly be used to identify alternate RATs that are candidates for handover as a result of not being affected by in-device coexistence issue.

3. Interfering technology identifier: This can identify the interfering technology on the device corresponding to the reported channel/RAT such as BT, WLAN, GPS etc. and also specify the parameters associated with the traffic type on them such as voice, data etc.

4. Interfering direction information: One bit can be used to identify whether the UL of the reported channel/RAT is causing in-device coexistence problem. Another bit can identify whether the DL of the reported channel/RAT is experiencing degradation due to in-device coexistence. It may be possible that both bits are set to indicate coexistence issue on both LTE UL and DL. 
The eNB can use the above information to identify the frequencies or RATs which are not affected by in-device coexistence and perform an inter-frequency/inter-RAT handover to the correct frequency or RAT if necessary. This can facilitate faster inter-frequency/inter-RAT handovers and also avoid the ping-pong problem. The interfering direction information along the with interfering technology identifier can prioritize the handover decision at the eNB depending on the technology being protected. The standard needs to support the above fields as part of a new coexistence message or add to an existing message.

7
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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