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1 Introduction
Prohibit mechanism has been being considered to control miss usage or over usage of IDC indication message when the triggering of IDC indication message is left to the UE implementation [1][2][3]. This prohibit mechanism could be one of network controllable capabilities at the UE side.  And also, one of agreements for IDC signaling procedures in #77b meeting [4] is that 
· A prohibit mechanism is used to restrict the interval at which the UE may send IDC indication.
Thus prohibit mechanism is assuming the concept of time interval to restrict the opportunities of IDC indication message transmission at the UE. And also there was a proposal to use timer and counter [5].  And also, in the last email discussion, 79#33, there were discussions about IDC indication with prohibit timer operation when the UE sends an IDC indication with assistant information, with updated assistant information and with indicating IDC problem is no longer exist [6]. In this paper we introduce modified prohibit mechanisms in order to provide effective and clear IDC indication operation under prohibit mechanism. 
2 Discussion 

IDC indication update and repetition

There are 3 use cases of IDC indication below which were discussed in the email discussion [6]. 
1. (initial) IDC indication with assistance information

2. IDC indication with updated assistance information

3. IDC indication in case that the IDC problem is no longer existing

Initial IDC indication with assistant information is very clear and no concerns with prohibit timer mechanism. But remaining of two cases are tightly coupled with prohibit timer mechanism in terms of instance of IDC indication transmission. In case of an IDC indication updating (e.g. assistant information updating) and the IDC problem over, it might be possible that an IDC indication transmission is restricted by the prohibit timer mechanism. Therefore, the UE may not have an appropriate solution with update information and not send an IDC indication that the IDC problem is over so that the eNB and UE would waste resources if the timer is set to longer value. This problem may be resolved by the short prohibit timer, however, shorten timer value may not provide effective restriction of undesirable IDC indication from the UE because the basic purpose of prohibit mechanism is to regulate frequent IDC indication transmission from the UE. The figure 1 shows the timing diagram between IDC indication with updating/over and prohibit timer.
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Figure 1. IDC indication and prohibit timer
Observation 1. An IDC indication for the updating of assistant information can be initiated before expiring of prohibit timer

Observation 2. An IDC indication for the indicating of IDC over can be initiated before expiring of prohibit timer 

Based on our observation, Prohibit timer based mechanism may not provide urgent IDC indication transmissions (e.g. IDC update, IDC problem over etc.) to the eNB if the prohibit timer is set to longer timer interval. Even though the purpose of prohibit mechanism is to avoid undesirable, miss or over transmission of IDC indication, those two behaviors shown in observation 1 and 2 should be provided and guaranteed to enhance the performance of prohibit mechanism and IDC operation. 
Observation 3: Prohibit timer value based mechanism with longer timer value may not provide an IDC indication with updating of assistant information and indicating of IDC over in timely manner

IDC indication for QoS 
The 802 standard at its inception was data driven to that end it supported all applications and all types of traffic. However there are some limitations when the main bandwidth is low, very low or the channel is congested/overloaded. The 802.11 standard has significantly addressed these short comings by parsing all traffic into four classes of service (CoS : Voice, Video, Best Effort and background). Each of these classes enjoys an access advantage for the RF medium over the later classes. At the same time the minimum speeds and average speeds used in a WLAN has increased dramatically which in turn minimizes channel occupancy time. By minimizing occupancy time the number of simultaneous applications that can be supported has significantly increased. So far there is no known application or traffic type that 802.11 cannot support. If the LTE device is equipped with WiFi device, Variable Bit Rate (VBR) traffic could be one of major traffic pattern for both of LTE and WiFi devices usage. 
As shown in the figure 2, if VBR traffic is coming from WiFi, interference to the LTE device could be dynamically fluctuated because the traffic shape from WiFi could be converted to the level of interference to the LTE device. In this case, if the prohibit mechanism is referred to the timer only operation, it may not follow the traffic shape and pattern in order to provide reasonable QoS level of the services in use because an IDC indication is restricted by an amount of prohibit timer. Therefore, an IDC indication is related to interference type (e.g. traffic type and pattern) and needs to be time sensitively transmitted to the eNB in order to adopt the dynamic interference variation (traffic variation). 
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Figure 1. Traffic behavior and IDC indication in the IDC operation
If the prohibit timer mechanism is applied to this IDC operation having VBR traffic pattern, prohibit timer may not provide appropriate IDC indication transmission in terms of interference variation because it provides certain timer based restriction, not event driven. Thus, based on the pre-defined timer value, the UE may not send an IDC indication even though the traffic (e.g. interference) from the ISM device is critical and higher than the threshold (triggering condition) which is reference to trigger an IDC indication message. Therefore, the timer based prohibit mechanism needs to be improved to provide smart IDC indication triggering and prohibit operation. 
Observation 4: Timer based prohibit mechanism with longer timer value may not provide time sensitive IDC indication transmission for providing QoS level
As we stated above, timer only based prohibit mechanism may not provide time urgent and sensitive IDC indication transmission and appropriate QoS requirement. The main reason is that the UE may not send an IDC indication immediately and have to wait next available opportunity to send an IDC indication message to the eNB. A simple and straight forward way is that the counter is defined to provide and guarantee the minimum opportunity of IDC indication transmission before activating of prohibit timer. Accordingly, the UE may send an IDC indication only when it has available counter values which are transmission opportunities, before the prohibit timer is not even expired.
Proposal 1: Counter based prohibit mechanism can be used for efficient prohibit mechanism
Enhanced prohibit mechanism
In this section, we introduce a prohibit mechanism combining existing prohibit timer operation and proposed prohibit counter operation to enhance the prohibit mechanism. For the operation we assume and define some counter below.  
· MAX_count : Maximum allowable number of transmission opportunities for IDC indication transmission
· MAX_count can be requested by the UE : the UE may suggest MAX_count value based on type of traffic/service from/to ISM device
· MAX_count may be allocated by the eNB, with/without request from the UE : the eNB may decide the final value based on its cell status and request from the UE

· MAX_count is updated by the eNB, with/without request from the UE : the eNB may modify and update the value based on its cell status with/without request from the UE

Based on the overall concept and definition above, we describe detail operation in the following sections.

1) The UE decreases a MAX_count

· The eNB allocates MAX_count to the UE
· The UE sets MAX_count as a prohibit counter 
· The UE decreases a prohibit counter (e.g. set by MAX_count value) by one if the prohibit counter is not “0” after sending an IDC indication to the eNB 
· If the IDC indication is successfully transmitted (e.g. the UE receives an IDC solution from the eNB corresponding to the IDC indication previously transmitted), the UE resets prohibit counter to MAX_count 
· If the UE does not receive any solution: FFS  
· If the prohibit counter reaches “0”, the UE is not able to transmit an IDC indication and
· Prohibit timer starts and the UE wait until the prohibit timer is expired.  After the expiring of prohibit timer. 
· The UE may reset prohibit counter to previous MAX_count or request new MAX_count from the eNB
2) The UE increases a MAX_count

· The eNB allocates MAX_count to the UE

· The UE sets prohibit counter to “0”
· The UE increases a prohibit counter by one if the prohibit counter is not MAX_count after sending an IDC indication to the eNB
· If an IDC indication is successfully transmitted (e.g. the UE receives an IDC solution from the eNB corresponding to the IDC indication previously transmitted), the UE resets prohibit counter to “0”
· If the UE does not receive any solution: FFS  
· If the prohibit counter reaches MAX_count, the UE is not able to transmit an IDC indication 
· Prohibit timer starts and the UE wait until the prohibit timer is expired. After the expiring of prohibit timer. .  
· The UE may reset prohibit counter to “0” or request new MAX_count from the eNB
Proposal 2: The prohibit counter mechanism can be a increment or decrement operation

Proposal 3: Prohibit timer mechanism can be used with prohibit counter mechanism to efficiently control IDC indication

Proposal 4: The prohibit counter mechanism above should be used as the baseline for the IDC prohibit mechanism discussion
The figure 3 shows the example of prohibit timer mechanism with decrement operation. 
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Figure 3. The example of prohibit mechanism (the UE decreases MAX_count)
3 Conclusion
In this paper, we proposed the prohibit mechanisms including prohibit timer and counter to adopt dynamic traffic and interference variation from/to ISM device. RAN2 is kindly requested to consider and adopt the following proposal.        
Observation 1: An IDC indication for the updating of assistant information can be initiated before expiring of prohibit timer

Observation 2: An IDC indication for the indicating of IDC over can be initiated before expiring of prohibit timer 

Observation 3: Prohibit timer based mechanism may not provide an IDC indication with updating of assistant information and indicating of IDC over in timely manner

Observation 4: Timer based prohibit mechanism may not provide time sensitive IDC indication transmission for providing QoS level
Proposal 1: Counter based prohibit mechanism can be used for efficient prohibit mechanism
Proposal 2: The prohibit counter mechanism is increment or decrement operation

Proposal 3: Prohibit timer mechanism can be used with prohibit counter mechanism to efficiently control IDC indication

Proposal 4: The prohibit counter mechanism above should be used as the baseline for the IDC prohibit mechanism discussion
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