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1. Introduction

In previous analysis, it has been shown that autonomous denial can result in unnecessary link adaption and a waste of resources. Therefore, RAN2 has agreed that “Additional restriction and methods to reduce the impact of the network will be discussed” [1]. In this contribution, we discuss potential restrictions for the reduction of the impact of autonomous denial. 
2. Additional restriction to reduce the impact
In previous meetings, the proposals on reducing the impact of the autonomous denial can be divided into three categories depending on the  stage when they are applied, as shown in Fig. 1. 
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Fig. 1. Categories of methods limiting the impact of the autonomous denial
Category 1. Pre-denial indication 
Before implementing autonomous denial, the UE requests the eNB not to schedule it for a certain duration so as to be able to receive an important, but infrequent, ISM message. Thus, according to the request, the eNB can avoid scheduling a UE for the duration where the autonomous denial may be applied. However, in such a scheme the UE has to precisely predict the ISM radio transmission, which is difficult because, for example, the ISM radio may delay the reception of the beacon or may not setup the connection in the requested duration. Thus, we propose that 

Proposal 1: Pre-denial indication may not be suitable for the impact reduction of autonomous denial.  
Category 2. Limited autonomous denial 
During implementing autonomous denial, the network can indicate restrictions on the implementation of the autonomous denial, which mainly includes three schemes [2]:

1) Configure the upper limits for UL denials in long term as well as in short term.

2) Specify a limit on the duration of autonomous denial as well as the maximum number of autonomous denials in a specified period.

3) Introduce network controlled configuration of prohibit timers and maximum number of TTIs that the UE can autonomously deny.

The common feature of these schemes is that the eNB can configure a limitation on the implementation of autonomous denial in a specific period, e.g., the maximum number of autonomous denials or the upper limit in terms of a percentile for UL denials. With such limitation, the impact on the link adaption of PDCCH can be well controlled. Thus, we propose 

Proposal 2: The network can configure maximum number (or upper limit in terms of a percentile) of autonomous denials in a specific duration. 

For example, as shown in Fig. 2, in a specific observation duration, five infrequent and critical ISM DL  receptions are overlapped with five LTE UL transmissions (including “Bundled UL ACKs/NACKs”, i.e., several ACKs/NACKs, and “One UL ACK/NACK”). Considering the allowed maximum number of UL denials is 3, the UE would deny the first three UL transmissions regardless of the impact of the denied LTE UL transmission. However, , it is better for LTE performance if the UE denies the 2nd, 4th and 5th UL transmissions since it will cause less retransmissions. Thus, to further guarantee the LTE performance, the importance of the denied LTE UL transmission should be considered when implementing autonomous denial. Moreover, in our understanding, it is better to protect LTE data when an important LTE UL transmission is overlapped with important but infrequent ISM DL reception. Hence, we have the following observation:
Observation: Identifying the important UL transmission on the LTE radio can further reduce the impact of the autonomous denial on the network.
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Fig. 2 An example
Based on the above observation, the next issue is how to determine the importance of the LTE UL transmission. Two options can be considered:
Option 2-1: UE implementation

The UE is aware of the content of the UL transmission. Thus, it can determine the importance based on, e.g., the number of bundled ACKs/NACKs, the QoS requirement, etc. Although such option has no specification impact, the decision is fully dependant on UE implementation, which may not take into account the effect on the network performance. 
Option 2-2: Network controlled

In general, the perceived QoS level of each UE is related to several factors in the network, such as traffic status, scheduling policy, occurrence frequency of the bundled ACKs/NACKs, the number of bundled ACKs/NACKs, etc. Since the eNB has the best knowledge about these factors; the eNB is the best entity to determine the importance of the UL transmission. Specifically, as in our previous paper [3], the eNB can indicate the important LTE UL transmissions, such as the UL data with logical channel priority smaller than certain value (note that the logical channel priority determines the QoS requirement of the transmitted data, and the increasing priority value indicates a lower priority level [4]), and the UL transmission with a certain number of bundled ACKs/NACKs. 
Proposal 3: RAN2 is respectfully asked to consider Option 2-2 to further reduce the impact of the autonomous denial on the network. 
Category 3. Post-denial indication 
In this stage, the UE can report the applied autonomous denial after implementing it. Thus, the “lost” PDCCH, which is actually caused by the autonomous denial, can be excluded when applying the link adaption. With this indication, the link adaption can be delayed or avoided. So far, three options have been proposed: 

Option 3-1: discontinuous scheme
UE indicates the number of denied TTIs in a specific period to the network. To avoid link adaption problem, the UE should send the indication before the update time of the link control loop. Thus, UE needs to know such an update time. Since the link control loop may be applied irregularly (i.e., bad channel condition may result in frequent link adaption, while good channel condition triggers the link adaption infrequently), the network may not be able to predict the update time precisely and then indicate this to the UE. 
Option 3-2: continuous scheme

UE indicates the network every time it applies autonomous denial. This solution does not require UE to know the update time of link loop control. However, it consumes more signaling overhead.
Option 3-3: two limitation method [5]
The eNB configures two limits on the autonomous denial. The UE has to send the indication after each autonomous denial only after the number of denials exceeds the lower limit. Although the signaling is reduced compared to Option 3-2, the indications can also introduce more overhead after the lower limit is exceeded. 
In our understanding, the post-denial indication aims to reduce the impact of the autonomous denial when determining whether or not to apply the link adaption. Since the eNB has the best knowledge on when to implement link control loop, the transmission of the post-indication can be based on eNB’s request. Hence, we have a fourth option:

Option 3-4: eNB-initiated method 

Before applying the link adaption, the eNB can send a request message to the UE and then the UE reports the applied autonomous denials in the requested period. In such an option, the eNB does not need to predict the link adaption, and the UE does not need to send the indication as frequently. Hence, we propose

Proposal 4: RAN2 is respectfully asked to consider the eNB-initiated method to reduce the impact of the autonomous denial on the network.   
3. Conclusion

In this contribution, we discuss additional restrictions on autonomous denial and propose that:
Proposal 1: The pre-denial indication may not be suitable for the impact reduction on the   autonomous denial.
Proposal 2: The network can configure maximum number (or upper limit in percentile) of autonomous denials in a specific duration.
Proposal 3: RAN2 is respectfully asked to consider Option 2-2 to further reduce the impact of the autonomous denial on the network.
Proposal 4: RAN2 is respectfully asked to consider the eNB-initiated method to reduce the impact of the autonomous denial on the network.
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