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1 Introduction
In the RAN2#76 meeting, autonomous denials as a complementary mechanism to FDM and TDM solutions were discussed. The following agreements were made:
1. Autonomous denial can be considered as solution for rare cases if other solutions cannot be used.
2. Additional restriction and methods to reduce the impact of the network will be discussed. 

3. We will also discuss further the definition of “rare”.
In this contribution, we discuss different scenarios when autonomous denials could be used and how to limit the number of denials.
2 Discussion
2.1 Characteristics of ISM signaling

Autonomous denials can be characterized in many ways:
· How often denials occur?
· How big share of the packets are dropped during a certain time window?
· How packet drops are correlated in time?
In Table 1, simple classification of ISM signaling is provided together with examples of each category. In our view, if the denial occurs in more than once in 100 ms, the rate is clearly frequent. If denials occur e.g. once in minute, the denial rate is not really rare or frequent. Finally, if there are denials only once in hour or day they can be considered as rare.
Table 1: A simple grouping of frequency of ISM signalling 
	
	Periodicity
	Examples

	Frequent 
	Less than once in ~ 100 ms 
	WiFi beacon reception

	Medium
	Less than once in ~ 1 minute
	

	Rare
	Less than once in ~hour
	BT and WiFi connection setup


As specified in [1] and discussed in [2], the BT connection setup consists of the following events:

1. Inquiry Scan followed by Inquiry Response if scan is successful. Only in the case when two devices have not been connected before,
2. Page Scan followed by Page Response if scan is successful.
3. BT SNIFF event (to maintain connection during BT idle mode).

As listed in [2], short events during WiFi connection-setup include:
1. Active Scanning (probe request and probe response)
2. Beacon reception and transmission
In principle, BT and WiFi connection setup can be considered as examples of rare signaling because such event should occur rarely and the length of the event is rather short. However, for the BT slave mode, the monitoring of inquiry and page scan can take long time if the device wants to be discoverable during a long period. As discussed in [3], if monitoring is done once per 1 second and it takes 30 ms, already 3% of UL transmissions can be lost. For this case it cannot be concluded that denials occur rarely.
2.2 Need for denials in different LTE states
In [3], handling of rare signaling in different LTE states was discussed in detail. It was concluded that in all LTE states, there is room to perform ISM signalling. The various gaps can be utilized for ISM signalling especially in the case when the device is controlling the timing of ISM reception.

Only in some limited cases where the LTE uplink is fully occupied, measurement gaps are not configured, and BT/WiFi signaling has limited duration (e.g. under 20 ms) as well as occurs rarely (less than once in an hour), then autonomous denials could be considered. It is important that the denial rate is limited. On the other hand, if denials occur very rarely, then we do not see so strong need to introduce additional signaling for this. 
Proposal 1 Autonomous denials can be considered only in a case when LTE uplink is fully occupied, measurement gaps are not configured and IDC interference situation has a limited duration and occurs rarely.
2.3 How to limit autonomous denials

Altought in Section 2.1 some examples for rare signalling are given, it is impossible to list all scenarios where autonomous denials could be allowed. From LTE performance point of view only the amount of denials are relevant during the time period BT or WiFi is communicating. The impact of autonomous denials on PUSCH and PDCCH link adaptation was discussed in [4]. It was concluded that already with denial rate of 1%, the impact of denials on PDDCH resources is significant. Thus denial rate should be clearly under this rate in most of the scenarios. 

The preferred alternative is that the network signals the allowed amount of UL denials or the maximum rate is limited in specifications otherwise. It is important that the amount of denials is under a certain threshold when measured over a long period as well as when measured over a short period to avoid highly correlated denials.  

Proposal 2 The network should have the opportunity to control the amount of denials.
Proposal 3 The configuration should state the upper limits for UL denials (in percentile) in long term as well as in short term 
Proposal 4 Send LS to RAN4 to ask them to specify performance requirements for autonomous denials.
2.4  Assistant information for autonomous denials

In RAN2, many alternatives for assistant information provided by the UE have been discussed. In the following, we discuss some of the alternatives and evaluate pros and cons of these schemes:

A) Proactive information
+ The network can proactively compensate denied UL transmissions in PDCCH and PUSCH link adaptation.
- The actual denial rate is potentially different than the reported expected denial rate. Proactive actions by the network can be wrong, leading to losses e.g. in PDCCH reception due to too low number of Control Channel Elements (CCEs) allocated for the grant.

B) Reactive information

+ The UE can provide more accurate information about how many UL transmissions it has really denied.
- The network can react to the information only reactively, meaning that link adaptation may be already disturbed and resources are lost. 
C)  IDC indication act as indication of autonomous denials  

+ No additional complexity, if this is standardized anyway.
+ Similar to A, the network can proactively compensate denied UL transmissions in PDCCH and PUSCH link adaptation.
- In many cases the UE does not do autonomous denials even if it sends IDC indication. This can lead to wrong actions in the network side.

It seems that none of the solutions is very efficient. The preferable way forward is to limit the amount of denials to such a level that assistant information is not needed.

Proposal 5 Limit the amount of denials to such a level that assistant information is not needed.
3 Conclusions and Proposals

In this contribution, we have proposed the following:

Proposal 6 Autonomous denials can be considered only in a case when LTE uplink is fully occupied, measurement gaps are not configured and IDC interference situation has a limited duration and occurs rarely.
Proposal 7 The network should have the opportunity to control the amount of denials.
Proposal 8 The configuration should state the upper limits for UL denials (in percentile) in long term as well as in short term
Proposal 9 Send LS to RAN4 to ask them to specify performance requirements for autonomous denials.
Proposal 10 Limit the amount of denials to such a level that assistant information is not needed. 
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