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1 Introduction

In RANP#53 a new WI [1] was approved on Signalling and procedure for interference avoidance for in-device coexistence.  The objective of the work item is to study and specify signalling and procedures to support:

· FDM solutions

· Existing DRX mechanisms to solve coexistence issues

In addition a number of additional areas of investigations were identified, such as

· Enhancements to DRX mechanisms

· Impact of UE LTE autonomous denial for infrequent short-term events on LTE performance e.g. PDCCH and PUSCH link adaptation and study whether autonomous denial behaviour needs to be controlled.  If deemed necessary after assemetns, identiy an introduce selected enhancements to ensure LTE performance.

Furthermore, in the last RAN2 meeting, it was agreed that autonomous denial without limitations are not acceptable and no consensus was reached on whether autonomous denial is needed to handle rare/non-periodic events.  

In this contribution we evaluate the impact of autonomous denials on LTE performance and suggest a way forward. 

2 Discussion
In [2], one of the mechanisms to solve in-device co-existance problem consists of the UE autonomously denying a network scheduled uplink transmission.  The <an>aim of the autonomous denial in the UE is to guarantee the reception of critical/important downlink transmission from another technology (e.g. ISM).  A few important uses cases identified were:
· Critical short term events occurring in the other technology (e.g. setup or connection procedures of WiFi or Bluetooth)

· <one critical/important case is that we consider in this contribution is>Beacon reception, considered a critical operation since if the UE misses a certain amount of consecutive  beacons due to interference caused by LTE, the WiFI STA will disassociated from the AP. 

A pure autonomous UE denial mechanism with no feedback can be considered as low complexity solution as no standardization impacts are required.  However,<but> the impacts on the network side are quite <can be>significant if the autonomous denial frequency is high and are deemed to be unacceptable for scheduler design.  As detailed in [3] the main disadvantages are:

· 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  <and also lost>HARQ<feedback> restansmisisons and DL traffic<retransmissions>.  A denied uplink subframe may result in a lack of HARQ feedback for DL transmissions.  The network will assume that the data has been lost and therefore trigger retransmission of the impacted DL transmissions.  

In previous meetings it has been suggested that to assist the network in knowing that certain missed UL transmissions are actually due to autonomous denials rather than poor radio link conditions, the UE can signal a denial report to the eNB.  

While this indication can be useful for the network, the fact that <but if>the report is provided to the network after the fact, can mean that the network may have already performed the necessary link adjustment before the report has been received and therefore the report is no longer as useful.  Additionally, the <and>scheduled resources<would be wasted> can be considered as wasted as the network has attempted scheduling the UE in those TTIs rather than using those <these>resources for another UE.  
Observation 1: Autonomous denials have significant impact to the network and even a subsequent denial report cannot fully help the network to mitigate the impacts. 

As concluded above, UE autonomous denial even with a network report have a significant impact to network scheduling performance.  Therefore, it is important to discuss and decide the importance of this critical short term events and beacon reception.   

Some of the critical short term events described in are related to connection-setup procedures for WiFi and Bluetooth establishment or maintenance of connectivity, and therefore ideally it would be beneficial to have a simple mechanism (if possible) to allow successful reception of these messages without UL LTE interference. 
Observation 2:  It might be beneficial to allow for connection-setup signalling of other co-existing technologies to be interchanged without the risk of interference from UL LTE transmissions.
Another short term critical event that may be <when>consider<ing>ed is beacon reception, which can compromise the association state to an AP if consecutive beacons are missed.  Due to the periodicity of the beacon and the spurious transmission of UL data in LTE we think that the probability of missing consequitive beacons can be considered a rare but somewhat critical event.   It has been discussed that beacon reception can be ensured via a DRX configuration from the network or with a UE autonomous denial mechanism.  While DRX will definitely help to allow successful reception of beacons, <but>it<is> may not be necessary for the network to configure DRX just so that the UE can receive a beacon at every interval.   Nonetheless, <but>if DRX is not configured, it may <is>still be important to allow the UE to successfully receive the beacon without interference in the event that<but it is necessary to ensure> a certain amount of consecuitive beacons have been <are not>missed.
Observation 3: Beacon reception does not have to be guaranteed for every interval, but it may be critical to allow the UE to be able of receiving a beacon if a certain amount of beacons have already been missed in the case where DRX is not configured. 
If this critical short term events are deemed really necessary to be performed without the risk of interference, one possible solution to consider instead of a pure autonomous denial, is to inform the network<in advance of the denial> of the intent to deny or to request a gap from the network right before such an event will occur.      

More specifically, before a short-term critical event takes place (e.g. connection setup procedure is initiated for another technology or after a certain number of beacons have been missed and before the UE attempts to receive a beacon in the next beacon reception interval) the UE may send a message to the network requesting a gap of certain TTIs (e.g. requesting the network to not schedule during those TTIs).  The gap request message can be used by the network as an indication that the UE should not be scheduled for the length of the requested gap, in order to allow correct operation in the other technology.   The network <then>has the freedom to subsequently schedule or not schedule the UE accordingly.  A good network implementation may refrain from scheduling the UE for the requested denial period and use the resources for other UEs. 

However, the network may still decide to schedule the UE, but it is aware that there is a high likelihood that the associated UL transmissions may be denied for a duration corresponding to the request.  Therefore, if the network knows this in advance and still decides to schedule, it can use this information to properly adjust and not take into account the missed transmission in the link adaptation procedure.  

To keep the operation simple, <additionally>the network does not need to respond to the request (e.g. a response to grant the request) but rather use this information to determine its optimal scheduling decisions. It will anyway be clear to the UE whether the denial request was accepeted or not by subsequent scheduling, and therefore an explicit network response signal does not provide added value.
In order to avoid excessive requests from the UE a time limit between successive reports and a maximum gap length can be discussed.   
Proposal 1:  A UE denial report/gap request message in advance of the denial period should be considered to address network scheduling impacts of UE autonomous denials.
3 Conclusion

In this contribution the following observations were made:
Observation 1: Autonomous denials have significant impact to the network and even a subsequent denial report cannot fully help the network to mitigate the impacts. 

Observation 2:  It might be beneficial to allow for connection-setup signalling of other co-existing technologies to be interchanged without the risk of interference from UL LTE transmissions.
Observation 3: Beacon reception does not have to be guaranteed for every interval, but it may be critical to allow the UE to be able of receiving a beacon if a certain amount of beacons have already been missed in the case where DRX is not configured. 

Due to these observations a simple mechanism with minimal impact to the system that allows the reception short term critical events without UL LTE interference was proposed:

Proposal 1:  A UE denial report/gap request message in advance of the denial period should be considered to address network scheduling impacts of UE autonomous denials.
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