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Introduction
One potential solution for solving the ICO issue is to adopt a Time Division Multiplexing (TDM) scheme which consists in ensuring that transmission of a radio signal does not coincide with reception of another radio signal. In LTE, the TDM patterns translate in having scheduled and unscheduled periods configured by the network or suggested by the UE.

One way to achieve TDM in LTE is via the use of Discontinuous Reception (DRX) as suggested in [2] at the last RAN2 meeting. In [1], it was agreed that a DRX based approach seemed to be a promising direction but that many issues still had to be resolved.

This contribution explains that DRX as it is specified today does not properly enable the TDM scheme and that additional mechanisms are needed to provide a proper solution to interference coordination.
Discussion
Use of DRX scheme
One potential solution for TDM in LTE is the use of DRX.  The DRX idle and active time will define the periods in which the ISM may transmit or the time in which LTE Tx will not transmit therefore limiting the interference to the ISM or GNSS radio Rx.     

However, DRX in LTE as specified today only offers the opportunity for DRX and does not offer guaranteed unscheduled periods of time. A number of triggers can extend the Active Time and prevent the UE from entering idle time. For instance a new DL transmission or UL grant received by the UE on PDCCH can trigger the drx-InactivityTimer which forces the UE to remain in Active Time.  

Another example is the use of the drx-RetransmissionTimer that guarantees that the UE monitors PDCCH when DL retransmissions are expected.  A pending SR also prevents the UE from entering the idle time.  

The potentially extended active time in the UE results in not allowing for predetermined ISM scheduling opportunities or ensuring there will be any transmission opportunities for ISM.   If ISM still transmits regardless of the active time in the UE, then any downlink reception scheduled by the network may be impacted.   Therefore in order to ensure proper operation of the two co-existing technologies, the mechanisms considered by RAN2 should aim at guaranteeing some idle periods to allow for sufficient opportunity for transmissions/reception of the other technology.  

Additionally, when considering interference scenarios case 1, 3 and 4 in [4], LTE radio Tx causing interference on ISM or GNSS radio Rx, it should be kept in mind that for proper operation the other technology should  be aware of the scheduling opportunities in advance (e.g. the periods in which LTE radio Tx is not occurring).

Observation 1: The use of DRX without modification is not adequate to ensure proper operation between two interfering coexisting technologies.  

Observation 2: The mechanisms considered should aim at providing sufficient transmission opportunities to the other technology and providing a pattern that allows the other technology to know the scheduling opportunities in advance.  

Proposal 1: Agree on Observation 1 and 2

In order to ensure and provide the co-existing technology with a guaranteed opportunity to transmit, several mechanisms can be considered and are discussed in this contribution.

If DRX is used as the baseline scheme, enhancements to DRX are necessary.  These enhancements would need to ensure that sufficient opportunities are provided to the other technology according to the LTE scheduled/unscheduled requirements defined in [4].

Another simple mechanism in which modifications to DRX on the UE side may be avoided, is to rely on scheduling algorithms in the eNB that ensure no data is scheduled for the UE in the DL or if applicable in the UL during periods in which the other technology is scheduled to transmit or receive. However, the periods in which the other technology is scheduled to transmit need to be coordinated and synchronized between the UE and eNB according to a pattern that is suggested by the UE and configured by the network. The pattern provides the times in which the ISM is allowed to transmit and the time in which the network is aware that any DL transmissions may not be properly received and therefore should refrain from scheduling the UE.   During these periods the UE monitors the PDCCH according to the DRX rules.   

The third option to consider for overcoming the inefficiency associated with DRX is a measurement gap like solution.  During the measurement gaps the UE does not monitor or transmit any data, which guarantees idle periods for the other technology to transmit or receive.  Unfortunately, the two existing gap patterns, length 6ms and periodicity 40 or 80ms, do not meet any of the requirements/guidelines defined as part of the usage scenarios in [4].  However, if a measurement gap like solution is deemed appropriate from a performance and complexity point of view, a new pattern should be considered to allow for longer LTE periods of inactivity.

The three mechanisms discussed in this contribution are feasible solutions that provide LTE and coexisting technology with transmission/reception opportunities.  In an effort to find the solution that offers the best performance with the least added complexity, the advantages and disadvantages of these solutions should be considered by RAN2.  
 
In summary, the measurement gap like solution provides the best mechanism to guarantee idle periods in both the UL and DL, however, this might be achieved at the expense of some performance degradation for LTE.  Enhancements to DRX provides an efficient and flexible scheme for TDM operation, however, the complexity and impact to specifications should be taken into account.  Finally, the network based solution, while similar to DRX, requires the least amount of changes, however, it can be inefficient since there will be cases where the UE is still monitoring the PDCCH, even though the network might not schedule the UE.  

Proposal 2: Discuss the three different TDM mechanisms to achieve coexistence of two technologies and agree on the most appropriate scheme as a way forward.

LTE Uplink

In scenarios where LTE radio Tx generates interference to the ISM or GNSS radio Rx, the DRX mechanism may be used to co-ordinate and eliminate interference.  Similar to the DL, the UL scheduling and transmissions according to the DRX rules can be extended indefinitely by the network via the use of inactivity timers and the UL retransmissions.  
Therefore, if the network cannot guarantee  periods  in which no LTE transmissions occur, the scheduler of the other technology cannot be aware of the scheduling opportunities in advance and therefore the probably of failure in the device will be significantly increased.  

LTE Tx comprises of transmissions on the PUSCH and PUCCH.  In order to control the PUSCH similar mechanisms to the DL can be considered and discussed.  

PUCCH is used by the UE to transmit Scheduling Request, ACK/NACK feedback and CQI reporting.  The CQI feedback is designed such that it is only transmitted if the UE is in active time, which may be easily controlled by DRX.   However, a Scheduling Request may be triggered by the UE at any time and transmitted at the first available PUCCH resource which can correspond to the time where ISM can be scheduled to receive.  
Another example is the HARQ feedback (ACK/NACK) sent by the UE if the network is performing DL transmissions.

It is still unclear whether PUCCH Tx is problematic to the ISM and GNSS radio Rx.  An analysis in [3] showed that there was no significant interference from PUCCH in Band 7 in WLAN in the ISM band.

In order to be able to properly define the requirements for the TDM scheme, it may be useful for RAN2 to find out if and what the severity of the interference created by PUCCH transmissions is.  The issue should be studied and extended to other scenarios as well (other bands), such as ISM in bands 40, 13 and 14 on GNSS receivers could be evaluated.

Proposal 3: Determine and ask RAN4 if transmissions on PUCCH create significant interference on ISM for any of the coexistence scenarios defined in the TR.

For some coexistence scenarios like with GPS for instance the only problem is with the UL. If it is determined that there is no issue with transmissions on PUCCH, the DL transmissions don’t have to be interrupted since the UE can send its HARQ feedback  without interfering with ISM. For these types of scenarios it may be interesting to be able to interrupt transmission in one direction only.

Proposal 4: RAN 2 should decide if DL and UL transmissions should be interrupted simultaneously or if it should be possible to only interrupt transmission in one direction as needed depending on the coexistence scenario.

While measurement gaps disable uplink and downlink transmissions at the same time, DRX would allow for a more flexible implementation but at the price of higher complexity.
Conclusion
In this contribution the following observations related to the TDM scheme were made:
Observation 1: The use of DRX without modification is not adequate to ensure proper operation between two interfering coexisting technologies.  

Observation 2: The mechanisms considered should aim at providing sufficient transmission opportunities to the other technology and providing a pattern that allows the other technology to know the scheduling opportunities in advance.  

In order to progress the work on this Study Item it was proposed to agree on these observations:

Proposal 1: Agree on Observation 1 and 2 

Finally, in order to achieve the desired behavior for coexisting technologies the following proposals were made:

Proposal 2: Discuss the three different TDM mechanisms to achieve coexistence of two technologies and agree on the most appropriate scheme as a way forward.

Proposal 3: Determine and ask RAN4 if transmissions on PUCCH create significant interference on ISM for any of the coexistence scenarios defined in the TR.

Proposal 4: RAN 2 should decide if DL and UL transmissions should be interrupted simultaneously or if it should be possible to only interrupt transmission in one direction as needed depending on the coexistence scenario.
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