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1 Introduction

During the RAN2#71bis, it was generally agreed that UE reporting is necessary to assist network performing FDM coexistence interference avoidance mechanisms. But the basic philosophy and the information UE need to report were not concluded during the meeting. This email discussion aims to continue the previous discussion and identify the possible consensus on the following issues:

· What approach should be followed ("eNB judgement" (UE informs about aggressor/victim, and eNB decides available freq), or "UE judgement" (UE informs eNB about useable freq))

· What detailed information is best provided by the UE

For each issue, the possible options are list in section 2.1 base on previous RAN2 agreement. Companies are invited to share comments and positions for each issue.
Finalization date: Monday November 8th 2010, midnight Pacific.
2 Discussion on UE Reporting to Assist FDM Solution
During the RAN2#71, two kinds of FDM solution directions “Move LTE Signal Away from ISM Band” and “Move ISM Radio Signal away from LTE Frequency Band” had been agreed and then included in [1]. Because the direction “Move ISM Radio Signal away from LTE Frequency Band” mainly relies on the mechanism considered by non-3GPP specifications, the subsequent discussion on FDM solution was mainly focus on the way to “Move LTE Signal Away from ISM Band”.

In order to properly trigger LTE signal be moved away, it was generally agreed that UE need to report certain information to the network for assistance. This email discussion will further discuss the following two issues and explore the possible consensus among companies.

Issue 1: What approach should be followed?
· Option a) eNB judgement: UE informs about aggressor/victim, and eNB decides available frequencies
· For example, UE may report the frequency information of ISM and the measurement results to help eNB judge how far the LTE signal should be moved away.
· Option b) UE judgement: UE informs eNB about useable frequencies
· For example, UE may recommend the target frequency locations base on the measurement results and its judgement.
· Option c) UE judgement: UE informs eNB about not useable frequencies
· For example, UE determines not useable frequencies base on the measurement results and its judgement.
Companies are invited to indicate the preferred option and the associated comments in following.

Company opinions

	Company
	Comments/discussion
	Position

	LGE
	We prefer that the network judges the available (or useable) frequencies/cells. The availability of certain frequencies/cells may be determined based on the traffic load as well as in-device coexistence interference. The UE, however, is hard to know the traffic condition of a certain cell/frequency. 

In addition, if the network is aware of the (potential) problematic frequencies, the network can avoid configuring measurement objects on the problematic frequencies, which can reduce the overhead in configuration (and UE’s measurement).
	Option a

	Huawei
	We agree that the network should do the final decision on which freq should be used. However, it is difficult for network to judge the in-device interference situation since the UE’s capability is different. So we prefer Option c.
[Note: Option c) UE judgement: UE informs eNB about not useable frequencies. For example, UE determines not useable frequencies base on the measurement results and its judgement.]
	Option c

	Nokia, NSN
	We think the most compact yet sufficient reporting is achieved by the UE determining and reporting unusable LTE frequencies.

What frequencies are usable and unusable are determined by numerous factors, which may include deeply implementation-related information (such as coupling between antennas, filter specifications, ..) as well as temporal aspects (for instance the output-power levels and time-behavior patterns). In particular, the latter are specific to the non-LTE radio, and it would seem to be desirable to keep the LTE specs agnostic to the specifics of other – current or future – radio technologies.

Once the network is informed of the unusable frequencies, it can utilize it together with traffic-load information, and in configuring measurements.
	Option b, but with the UE reporting unusable frequencies

	Alcatel-Lucent
	Agree with Huawei. Furthermore, the reporting will be more compact since there are probably more useable frequencies than unuseable frequencies. 
	Option c

	Qualcomm
	We prefer option a+c. UE should inform the network of the problematic LTE frequencies as per option ‘a’, and also the details of the associated problems as per option ‘c’. 
	Options a+c

	Motorola
	We think that either option b or c is adequate. In our view, no clear use has been identified for reporting ISM specific information to the eNB.

Even with option b or c, a certain level of eNB decision is needed – for example, to choose the specific frequency to handover to and to perform the handover based on appropriate radio conditions.
	Option b or c

	Ericsson, 
ST-Ericsson
	We think that b) and c) provide sufficient input for an FDM solution. We think that both could be realized with existing measurement reports as described in our earlier contributions. 

Detailed knowledge about the interfering/interfered ISM technology (option a) is not needed.
	Option b) and c)

	CMCC
	Originally, we thought the assisted information sent from UE to network should include the details of the cause and extent of the interference, so that the network can have full information of the coexistence problems and then make the final decision. But after some offline discussions, it seems that even based on the detailed interference information, e.g. type of interference radio and aggressor/victim frequencies, decision made by eNB is possibly not aligned with the judgement made by the UE itself. This is because the actually usable/unusable frequencies also depend on many UE implementation factors, e.g. RF implementation. Therefore, we think relying on UE’s judgement to inform the network about usable/unusable frequencies (from UE point of view) is more reasonable. Considering that usable frequencies could be derived from unusable frequencies and vice versa, both option b and c are feasible. Upon reception of such kind of information, the network can decide which frequency the UE could potentially be moved to, or whether TDM solution needs to be used.
	Option b or c

	InterDigital
	We think that both solutions b and c are providing similar information to the network.  If the ‘usable’ frequency list is a complete list of all supported and usable frequencies, then solution c will provide the same information.  Based on the list of supported frequencies, then the eNB can remove the unusable frequencies and determine on which candidate frequencies the UE can perform measurements or a handover.    
	Option b or c

	CATT
	We prefer option c. eNB just uses not useable frequencies reported by UE for avoiding inappropriate handover. Option c is the simplest and works for different device implementations, e.g. filter design.
	Option c

	MediaTek
	The UE judgement by option b or c need to be reported to eNB, anyway eNB still need to make final judgement (e.g. simple confirmation) before executing FDM solution. Option b or c may not exist by itself but could be integrated with option a.
	Option a+b or a+c

	Intel
	UE has the best knowledge about which frequencies are usable/not usable e.g. UE knows the antenna isolation and filter characteristics. Moreover Option c) is future-proof. 

eNB has the final decision on which frequency to use.
	Option b or c


Issue 2: What detailed information is best provided by the UE?

During the RAN2#71bis, the following candidate information is identified in meeting minutes:

· Frequency of aggressor/victim non-LTE technology (LTE network judgement), or
· LTE frequencies that are probably still usable/not useable (UE judgement)
· Other necessary information, like RSRP, RSRQ, WiFi channel frequency or types of coexistence radio
Based on the positions of issue 1, companies are invited to provide the suggested information and the associated comments in following.

Company opinions

	Company
	Comments/discussion
	Position

	LGE
	For the FDM solution, it seems to be necessary for the UE to inform the LTE network of the followings.

· The problematic frequencies of aggressor/victim non-LTE technology and the interfered bandwidth: These can be informed when the UE connects to the LTE network or when other necessary information for the interference avoidance is transmitted.

· On/off indication: For the timely interference avoidance while not raising the radio resources wastage, this indication can be informed when other coexistence technology is turned on/off.
Other measurement information about the serving cell /inter-frequencies is supported with the current measurement mechanism.
	UE needs to inform eNB about problematic frequencies, bandwidth of aggressor/victim non-LTE technology and on/off indication for FDM solution.

	Huawei
	Based on UE judgement solution, we prefer “not useable band” instead of “useable band” since UE can know “not useable band” easier than “useable band”.
	“not useable band” is desirable.

	Nokia, NSN
	As we say above, we would like to keep LTE specs agnostic to types of other radios.
	LTE frequencies that are / are no longer unusable

	Alcatel-Lucent
	
	Provide un-useable frequencies

	Qualcomm
	The following information will  be useful

· List of problem frequencies

· Interferer type (WLAN or BT)

· Interferer channel number for WLAN case

· Scenario number (list of scenarios 1-4 in TR) 

· Interfering direction (LTE RX problem, LTE TX causing problem to ISM, or both).

This information will help the network decide the target frequency/band, and also help the network to decide a policy about certain Coexistence cases that the network may not want to trigger handover for.
	Additional information can be used by the eNB to decide whether to initiate handover or not, based on eNB policy.

	Motorola
	
	Providing a list of useable or unuseable frequencies should be adequate. Measurement information for the cells on the frequencies (if useable frequencies are provided) may be beneficial.

	Ericsson,
ST-Ericsson
	As stated above, we think that option b) and c) could be realized using existing RRM measurements. 

By indicating the lowest possible RSRP/RSRQ values, the UE may inform the eNB that a carrier is no longer usable (actual measurement may be overridden with a-priori knowledge e.g. as soon as potential interferer is enabled). 

For the usable carriers the UE should preferably provide regular measurement reports based on which the eNB may trigger an inter-frequency handover.

We think that no further information is needed.
	RRM measurement reports of usable and unusable LTE carriers.

	CMCC
	Based on our comments on issue 1, we prefer to send “usable or unusable frequencies”.
	LTE frequencies that are probably usable or not usable, and available measurement results for the usable frequencies.

	InterDigital
	We have a similar view as Qualcomm.  In addition to the ‘usable’ or ‘unusable’ frequencies, some additional information may be useful to allow the eNB to make a proper decision on the target frequency or whether a handover should be performed or not.   

This information can be the following:

· Scenario type/service type – this can be the list of predefined scenarios in the TR. The type of interferer or technology being interfered by LTE can be signalled instead of the scenario type.   However, the information provided by the scenario type will provide a more detailed indication of the situation in the device.  
· Whether the interference caused by the other technology is the DL (e.g. the LTE receiver is affected) or the UL (e.g. the LTE transmitter will cause interference on the other technology).    
	Additional information to the usable or unusable frequencies, may be provided to the eNB.

	CATT
	
	Provide a list of un-useable frequencies

	MediaTek
	The comment by Nokia/NSN is valid that the frequencies which are usable and unusable are determined by numerous factors. Without clear definition on how UE can judge one frequency is useable or not, the reporting result may be much different from one vendor to another. This option (i.e. useable/unusable frequency) is acceptable if clear UE judgement criteria will be available.

Some other general measurement result may also be useful to help eNB make final judgement, e.g. RSRP, RSRQ, ISM Type. Note that some reporting information may be common for both FDM and TDM solutions.
	Report of unusable frequency is acceptable if clear UE judgement criteria will be available

	Intel
	Measurement results for usable frequencies can provide more information for eNB judgement.

If the list of frequencies not usable is empty, it indicates to eNB that there is no in-device coexistence issue any more.
	Providing a list of frequencies usable or not usable, and measurement results for usable frequencies.


Proposed way forward

Base on the observation from the comments and positions shared by each company, the following statistics from total 14 companies are concluded for Issue 1 and Issue 2:

Issue 1:

1 company supports option a)

4 companies support option b), all of which also support option c)
7 companies support option c), 4 out of which also support option b)

4 companies support option b+c (Nokia, NSN?)

2 companies support option a+c, 1 out of which also support option a+b
Issue 2:

6 companies support the UE report should include “Unusable Frequencies”
4 companies support the UE report should include both “Unusable Frequencies” and “Usable Frequencies”
4 companies support the UE report should include “Unusable Frequencies” or “Usable Frequencies”
Besides usable/unusable frequencies, 7 companies also support the UE report should include “measurement results for usable/unusable frequencies”
Given that quite a lot of companies support option b or c or b+c, it is concluded that option a), i.e. network judgement could be excluded. Most companies out of which support UE judgement approach can accept option c. Therefore, the following way forward is suggested:

Proposal 1: It is proposed to adopt UE judgement as the approach that FDM based solution should follow

Proposal 2: It is proposed RAN2 to decide whether UE informs eNB about not useable frequencies (option c) could be the baseline for FDM solution
In addition, 7 companies also considered some measurement results are required along with the usable/unusable frequencies. Hence,
Proposal 3: RAN2 is kindly asked to further discuss whether the measurement results for the useable/unusable frequencies need to be reported for FDM solution

3 Conclusion and Recommendation
This paper includes the following proposals, that RAN2 is requested to conclude:

Proposal 1: It is proposed to adopt UE judgement as the approach that FDM based solution should follow

Proposal 2: It is proposed RAN2 to decide whether UE informs eNB about not useable frequencies (option c) could be the baseline for FDM solution

Proposal 3: RAN2 is kindly asked to further discuss whether the measurement results for the useable/unusable frequencies need to be reported for FDM solution
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