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1 Introduction

In RAN2#76 the following was agreed:

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 RAN2#77bis some further agreements related to signaling of IDC interference problems were reached and included:

· All necessary/available assistant information for FDM and TDM solutions is sent together (details FFS)

· The IDC indication is a new UL-DCCH (RRC) Message. (FFS: whether we introduce a general message that could host also other indications (e.g. MBMSIneterestIndication)
· The IDC indication can also be reused to send the updated assistant information (including the case that there is no longer an IDC problem).
· A prohibit mechanism is used to restrict the interval at which the UE may send IDC indications
In this contribution we evaluate the impact of autonomous denials on LTE performance and suggest a way forward. 
2 Discussion
Autonomous denials consist of the UE autonomously denying a network scheduled transmission.  This solution would only apply for rare cases.  

However it is not clear as what rare cases correspond to and how to control the occurrence of autonomous denials.  As described in [2] and [3] it is clear that autonomous denials will have an impact on the network in the following ways:
· Poor network performance due to impact on link adaptation.   Link adaptation on the network side is directly related to uplink transmissions and behaviours. If UE doesn’t respond to an UL scheduling the network may assume that the PDCCH has not been received and increase the robustness of the PDCCH or that the PUSCH is not been received and therefore potentially increase the reliability of the UL retransmissions.  Both cases would result in poor network performance and wasted resources that could have been used more effectively for this UE and for other UEs in the system.   

· Impact on utilization of physical resources. Every denial of a scheduled transmission is a lost resource.

· Impact on HARQ feedback and DL transmissions and retransmission.   A denied uplink subframe may result in a lack of (denied) HARQ feedback for DL transmissions.  The network will assume that the data has been lost even if it has been successfully received and therefore trigger unnecessary retransmissions.  

 This contribution discusses mechanisms that will allow the network to control and potentially minimize the impact of autonomous denials on the network. 
Controlling the frequency and duration of autonomous denials

In order to control and restrict the impact of autonomous denials on the network scheduling and link adaptation autonomous denials have to be rare and performed only when critical short term events occur on the other co-existing technology.  However, as the nature and transmission characteristics of the coexisting technologies vary quite substantially, defining and compiling a list of critical short term events and defining what rare means on the LTE specifications is a difficult if not an impossible task.   Additionally, even if 3GPP attempts to define something there is no way the network can ensure or test when and why autonomous denials are actually being performed by the UE.  Nonetheless, if we introduce mechanisms to restrict denials then it is in UEs best interest to use the few given opportunities wisely.  

As a result, the best mechanism to ensure that the occurrences of autonomous denials are rare is to allow the network to restrict the denials. One way this could be achieved is by configuration of the following parameters:  
1. Frequency/periodicity of the autonomous denials, by means of a prohibit timer.  While the prohibit timer is running the UE is not allowed to perform any autonomous denials.
2. Maximum number of TTIs the UE can deny for every autonomous denial opportunity (controlled by the prohibit timer)

Additionally, the network can control enabling and disabling of autonomous denials.  This may be simply performed by additional signalling or by making use of the configuration parameters described above.  By allowing a configuration value of infinity for the prohibit timer or zero for the maximum number of TTIs, we can effectively disable autonomous denials.  
Proposal 1: Introduce network controlled configuration of prohibit timers and maximum number of TTIs the UE can autonomously deny.In view of the recent agreement that a prohibit mechanism is used to restrict the interval at which the UE may send IDC indications, the prohibit mechanism that is used for autonomous denials can be similar to the mechanism used for the IDC indication.  Furthermore, the restriction interval may be the same restriction interval as the IDC indications.  

Proposal 1a:  Agree that autonomous denials use the same restriction mechanisms as the one used and agreed for IDC indications.   

Additional mechanisms to reduce impacts of autonomous denials
According to proposal 1, the network can control the impact by restricting the frequency and time duration of denials.  However, even if the network can control the frequency it is still unaware of the time in which autonomous denials will occur and therefore the impact on the HARQ operation and PDCCH link adaptation will still exist.  Moreover, it is quite difficult to test whether the UE is indeed obeying the configuration restriction and performing autonomous denials only at the configured frequency and time duration.  

In this section we discuss some additional mechanisms to further reduce and prevent the impacts of autonomous denials. 
As discussed in previous meetings, the network can be made aware of the occurrence of an autonomous denial by either post (after the fact) denial indications or advance (before) denial requests indications.   

Post denial indications can be used by the network to potentially correct any actions it already took, however it has the following disadvantages:

· Reversing the potentially already performed link adjustments may be difficult.  Consequently, if link adjustments have already been performed prior to the reception of the post indication, the benefits of this indication are reduced. 
· The post denial indication is will not help in avoiding inefficient resource utilization as the network has already attempted scheduling the UE in those TTIs, thus wasting the resources, rather than using those resources for another UEs.  

· The denial indication cannot help the network in determining whether the DL transmission was actually successfully received by the UE.  The indication will assist the network in establishing why HARQ feedback was not received, however it cannot determine whether the UE received the packet successfully.   The retransmission of the corresponding DL data will have to still be performed; therefore the impact on DL transmissions will remain the same regardless of the indication. 
In conclusion, the benefits of the post denials can be limited and may not be able to resolve all the secondary concequences introduced by autonomous denials.   

On the other hand, an advance denial request will allow the network to prevent some of downsides of autonomous denials.   As discussed in previous meetings, an advance indication consists of a report that allows the UE to request not to be scheduled for a certain period of time in order to carry out important, critical signalling events in the ISM technology.   
Upon reception of such request the network is made aware of the situation and has the freedom to subsequently schedule or not schedule the UE.  A network scheduler can anyway chose to scheduled the UE and take the knowledge of the possible UE denial into account for link adaptation purposes.  However, it would be preferable to refrain from scheduling the UE for the requested period and use the resources for other UEs, in order to avoid additional complexities, avoid wasting of resources and the probability of introducing additional link adaptation inaccuracies.  
While the advanced and post denial indications can be used together, it is clear that the advanced reports can be more effectively used to prevent link adaptation errors, unnecessary HARQ retransmissions, and waste of resources.

One disadvantage of the advance request is the fact that the UE doesn’t always know in advance if it is going to be scheduled by LTE and therefore may sometimes unnecessarily request unscheduled period, while the network would have not scheduled the UE anyways.  However, we do not consider this as a critical issue as the request is not anticipated to occur often and the overhead of the request may be quite minimal.   The advantage related to mitigating network problems overweighs the potential small overhead associated to the request.   
Another advantage is that advance denial requests can be more easily tested as there will be clear traces of UE activity and number of request.  Similarly to the discussion in section 2.1 the network can restrict the number of short term advance requests by the UE.  

Proposal 2: Consider the use of the advance indications/requests to minimize and prevent network impacts 

In RAN2#77bis it was agreed that a single RRC IDC indication message will be used to containd TDM and FDM assistant information and to indicate a change of IDC interference situation (e.g. stopping of IDC indication or updated assistant information).  

Given the existence of an agreed IDC indication message, it seems natural to use the same message to request a short term non-scheduled period or denial request.  

As already discussed in previous meetings, one of the TDM assistant information includes a UE suggested non-scheduled or DRX pattern.  To allow more flexibility this assistant information can further include a one shot or short term non-scheduled pattern or period.   This would allow a larger range of flexibility to the UE, to request with the TDM assistant information either a DRX pattern and/or a bit-map pattern (depending on further RAN2 discussions) or a short-term non-scheduled request.      
Therefore, as it can be seen the already agreed mechanisms for IDC indication, which include TDM and FDM assistant information can be easily extended to carry advance unscheduled period/denial requests.  
Additionally, the agreed prohibit mechanisms for the IDC indication can be readily used without any further specification impacts.

Proposal2b:  Use the IDC indication message to carry the advance non-scheduled period request
3 Conclusion

In this contribution we have reviewed restricting and limiting the impact ofautonomous denials. As a result we have the following proposals:
Proposal 1: Introduce network controlled configuration of prohibit timers and maximum number of TTIs the UE can autonomously deny.
 Proposal 1a:  Agree that autonomous denials use the same restriction mechanisms as the one used and agreed for IDC indications.   
Proposal 2: Consider the use of the advance indications/requests to minimize and prevent network impacts 

Proposal2b:  Use the IDC indication message to carry the advance non-scheduled period request
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