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Discussion and Decision
1 Introduction
In RAN2#72bis meeting, following agreements for FDM approach were achieved [1].
1) For UL tx problem (DL ISM), we cannot use LTE measurements, and probably will not specify any detailed triggers in 3GPP.

2) For DL rx problems (DL LTE), we could specify more detailed measurements but will probably be very difficult e.g. wr.t. when to take the measurements in relation to ISM transmissions.

3) We want at least reactive based indications (i.e. indication when the UE suffers serious interference).

In this meeting there were also some remaining issues for further study, which are listed below.

· Whether we would want to specify detailed DL LTE measurement/trigger conditions.

· Whether we want to allow proactive indications (“please do not hand me over to non-serving freq-x”, “please move me away from current serving freq-y because I think it may become worse”), it cannot be based on DL measurements.
Based on the agreement 1), we already know that LTE measurements can not detect the interference in the case of ISM reception is polluted by LTE UL transmission. But when LTE DL reception suffers serious interference from ISM transmission, LTE measurements probably can be used to detect such interference. In this contribution, we analyze whether the current LTE measurements is sufficient for UE to trigger the reactive based indications and present the conclusion. Also whether the proactive based indications should be used is discussed.
Moving LTE signal away from ISM band is a potential solution for interference avoidance [2]. In order to ensure this procedure be carried out, some additional steps are considered in this contribution.
2 Discussion
2.1 Analysis on trigger for reactive indication
During the last seveal meetings, many companies had analyzed the measurements on RSRP of the certain frequency are not sufficient to reveal the interference happening in the device [3]. Whether measurements on RSRQ of the certain frequency are enough for detecting the interference need to be discussed.
The current RRM measurement of LTE is based on filtering mechanism [4] [5]. Firstly the physical layer measurement result would be smoothing processed within a measurement period and sent to higher layer. Then RRC layer will do further filter on the physical results based on Quantity configuration. Although the physical sampling frequency and the specific smoothing algorithm is up to UE implementation, the pamameters provided in [6] can help to analyze the feasibility of LTE RSRQ measurement.
Firstly, the case where continuous BT transmission interfereing LTE DL reception is studied. Assume BT works at the lowest 20MHz of ISM band and without retransmission, based on the simulation result of [7] the entire Band 40 will be affected by BT transmission. When the downlink radio subframe of LTE met with the the first reserved slot of a BT frame, LTE frame will be corrupted. If the beginning of LTE frame and BT frame is aligned, within the 200ms the number of corruptd subframe is presented in Table 1 (the special subframe is treated as the downlink subframe). Based on [6], there are only 5 measurement samples within 200ms, if these 5 samples are carried out randomly, the probability of these 5 times all sample the corrupted subframe is listed in Table 2. If these 5 samples are carried out periodically, we check all the cases when the first located between 1ms and 40ms, there is no such case that all the sample points are at the corrupted subframe. Here we give the example that these 5 sample points are located at 1ms, 41ms, 81ms, 121ms, 161ms respectively, the sampling result, i.e.whether each sampling point is at the corrupt subframe, is presented in Table 3 (1 represents that the sampling point is at the corrupt subframe while 0 represents the opposite case).
	Uplink-downlink configuration
	Number of corruptd subframe

	0
	27

	1
	41

	2
	68

	3
	55

	4
	62

	5
	75

	6
	34


Table 1
	Uplink-downlink configuration
	Probability

	0
	0.00438

	1
	0.01159

	2
	0.05843

	3
	0.00936

	4
	0.00874

	5
	0.01256

	6
	0.00454


Table 2
	Uplink-downlink configuration
	Sampling result

	0
	11001

	1
	11001

	2
	11001

	3
	11001

	4
	11001

	5
	11001

	6
	11001


Table 3
From Table 2, we can see the probability of all the five measurements happening in the corrupted subframes is very low. From sampling result, we can see the periodically sample cannot guarantee all the sampling points are at the corrupted subfame. If not all these five sampling are in the corrupted subframe, through the smooth process it cannot be guaranteed the result sent to high level would reflect the IDCinterference. Moreover the layer 3 filtering would also further smooth the physical measurement results, which is adverse to detection of IDC interference. Therefore, the current RSRQ measurement could not trigger reactive indication properly in the case of continuous BT transmission interferes LTE DL reception.
Secondly, taking the continuous WiFi transmission interfereing LTE DL reception into consideration, based on the analysis in [8], we can deduct:
1) If there is one STA/transmission or a few STAs/transmissions and the traffic partten for WiFi is FTP, the current RSRQ measurement could trigger reactive indication properly.
2) If the overload on WiFi channel is high, there are quite a few STAs/transmissions, the current RSRQ measurement could not trigger reactive indication properly.
Finally, for the scenario of sporadic transmission of ISM, the interference to LTE is not critical [9]. Therefore we do not consider this scenario in this contribution.
Observation 1: When UE suffers from interference on the serving frequency, the current RSRQ measurement can not work for triggering reactive indication for some scenarios.
Since the current RSRQ measurement could not trigger reactive indication properly in some scenarios, other triggers should be drawn in. RAN 4 had studied the ISM technologies and LTE in-device coexistence interference by RF analysis and experiments [10], in which some precise quantitative results had been given. UE could assess whether it is suffering harmful interference base on serving frequencies of LTE and ISM radio, the transceiver sensitivity and other parameters. And UE could send the reactive indication based on the internal assessment result. The UE internal assessment method does not have restriction on different scenarios.
Proposal 1: Take the UE internal assessment as a candidate trigger for reactive indication.

2.2 Proactive indication for FDM approach
In [2], it provides the definition of proactive indication: a potential problem is reported when UE may suffer from unacceptable high interference on a frequency (serving frequency or candidate frequency), and proactive indications are not based on LTE measurements. In [2], there are two scenarios proactive indication could be sent, which is:

Scenario 1. The UE asks the network not to hand itself over to certain of non-serving frequencies that are experiencing serious coexistence problems;

Scenario 2. The UE asks the network to change current serving frequency because coexistence problems may become serious due to e.g. increase of ISM traffic.
Scenario 1: 
The precondition of this scenario is ISM radio is being transmitting and some frequencies of LTE are interfered by ISM transmission but the serving frequency is OK. In this scenario, whether the proactive indication is necessary is related to the timing when UE sends the proactive indication and the level of interference UE would suffer from. We first analyze under what circumstance Scenario 1 is necessary.
If UE sent the proactive indication before network makes the HO decision, the ping-pong effect mentioned in [11] will be solved efficiently. The measurement result of RSRP or RSRQ of the corrupted non-serving freq-y may be better than the serving freq-x, the network may hand UE over to the freq-y based on the measurement results, and then the interference avoidance method may hand UE back to the freq-x, which is called ping-pong effect. But if UE sent the proactive indication before network makes the HO decision, the network would be able to avoid handing UE over to the freq-y, therefore the ping-pong effect is avoided. Also, the ping-pong effect can be avoided by information exchange between the source eNB and the target eNB, i.e. the source eNB will tell the target eNB the non-usable frequency information in case the target eNB hand UE over back to the problematic frequency based on RRM measurement result.
Observation 2: Ping-pong effect can be avoided by proactive indication used in Scenario 1 or (non)usable frequency information exchange between source eNB and target eNB.
Proposal 2: Proactive indication used in Scenario 1 is need if there is no (non)usable frequency information exchange between source eNB and target eNB.Scenario 2:
The proactive indication used here can be seen as the optimization of the reactive indication. When UE predicts that the interference on serving frequency may become unbearable, no matter what is the cause, it could send proactive indication in order to ask the network to change the current serving frequency. If there is no proactive sending here, the UE may enter the situation that UE suffers from interference on the serving frequency, and then reactive indication will be triggered. Whether the proactive indication is needed depends on whether UE can endure the interference before the actual interference avoidance is carried out. For example, if UE works at at the edge of cell, once the ISM radio is transmitting, UE will lost the connection. Under such circumstance, proactive indication used in the Scenario 2 is indispensable.
Proposal 3: Th proactive indication used in Scenario 2 is needed if IDC interference before the actual interference avoidance is carried out is unbearable.
2.3 Partial TDM assistance
In [2], moving LTE signal away from ISM band has been regarded as a potential solution for interference avoidance. And the coordinated within UE and with network mode is a preferred mode of interference avoidance.
Reactive based indications are agreed as the baselines of FDM approach, which means when UE LTE DL reception suffers serious interference from ISM transmission, it will report reactive based indications to the network and expect interference avoidance method commands which tell the UE in order to suppress the interference than what should UE do, such as handover command, further measurements etc. [3] worries about HO command cannot be received due to ISM interference. How to ensure that UE will correctly decode these commands while it is suffering serious interference is significant for the FDM approach.
The intuitive solution is to stop the transmission of ISM transceivers temporarily. Especially when the traffic pattern of ISM radio is delay tolerant such as FTP upload and documents transmission and so on, suspend the uploading until UE receives the interference avoidance method command will not affect the user experience of ISM radio. When the traffic pattern of ISM radio is non delay tolerant such as VoIP, whether the suspend time could fulfil the delay requirement of ISM radio need to be concerned. The coordinated within UE and with network mode also make above process possible, because there is an internal coordination between the different radio technologies within the same UE and UE can inform the network about such problems. In order to ensure the UE will get the command of interference avoidance method, some kind of TDM approach could be used for a short time.
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Figure 
Proposal 4: In order to ensure the UE receiving the command of interference avoidance method, some kind of TDM approach could be used for a short time.
3 Conclusion 
Based on the discussion above, we propose that:

Observation 1: When UE suffers from interference on the serving frequency, the current RSRQ measurement can not work for triggering reactive indication for all the scenarios.
Proposal 1: Take the UE internal assessment as a candidate trigger for reactive indication.
Observation 2: Ping-pong effect can be avoided by proactive indication used in Scenario 1 or (non)usable frequency information exchange between source eNB and target eNB.

Proposal 2: Proactive indication used in Scenario 1 is need if there is no (non)usable frequency information exchange between source eNB and target eNB.
Proposal 3: Th proactive indication used in Scenario 2 is needed if IDC interference before the actual interference avoidance is carried out is unbearable.
Proposal 4: In order to ensure the UE receiving the command of interference avoidance method, some kind of TDM approach could be used for a short time.
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