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Introduction
The in-device coexistence scenarios from the point of view of LTE were summarized in [1] in which Scenario 3 was mentioned as “No alternate frequency or high data rate RAT available, with either LTE UL or DL experiencing in-device coexistence issue”.  For this scenario, the inter-frequency or inter-RAT handover mechanism cannot solve the coexistence issue. Time Division Multiplexing (TDM) as a potential class of solutions has been included in Section 5.1.2 in the TR for the coexistence study item [3]. 
In this paper, we propose mechanisms to achieve coexistence with another technology when moving to a different frequency is not possible. Two classes of solution are proposed:
· One is based on transmit power limitation for simultaneous operation with ISM. 
· The other is based on gaps which are TDM techniques. It is assumed in the solutions here that a message from UE to eNB has already indicated an in-device coexistence problem.

Proposed Solutions
Power Limitation
In [4] a coexistence solution based on reducing ISM power was proposed. In this proposal, we extend the solution to lowering the LTE transmit power so that coexistence with ISM becomes possible as shown in Figure 2‑1. The eNB should take the lower transmit power requirement into account when scheduling the MCS and resource blocks for the UE. Compared to the normal transmit power, the coexistence based lower transmit power can result in a throughput loss or increase in latency of the UE traffic. This loss depends on several factors such as the amount of maximum transmit power reduction, the location of the UE in the cell and the size of the cell. So in some scenarios it may be possible that simultaneous operation is possible at the current transmit power so that there is no performance loss. On the other hand, it is also possible that the UE is in a power limited scenario and needs the current transmit power to maintain the connection in which case the method will not work since it could lead to UE outage. Also, the amount of power reduction may be 10-15 dB higher in Band 40 than in Band 7 due to much lesser frequency separation from ISM, which could lead to a significant chance of unacceptable degradation. 
However, in a substantial set of cases, the performance loss may be acceptable. This technique additionally has the advantage that it can be used for any of the use cases mentioned in [3].


[bookmark: _Ref273707119]Figure 2‑1: LTE power reduction for ISM coexistence

One mechanism to achieve the lower transmit power is for the UE to cap its transmit power at the new maximum and report a modified PHR based on it. Alternatively, the UE may explicitly indicate the maximum transmit power requirement for in-device coexistence to the eNB. 
Proposal 1: Include  LTE UL power reduction as a solution for coexistence mitigation

Further Details for TDM Solutions
As mentioned in Section 2.1, the power limitation technique does not work in some situations. For these situations, TDM operation of LTE with ISM will be needed based on new gap patterns as mentioned in [3]. During the gap, the eNB does not schedule DL or UL transmissions so that the UE need not monitor LTE during that time. During the normal transmission period, the UE will suppress the interfering technology as necessary so that LTE is not impacted. The TDM solutions are one of the options in the TR [3], and the following gives further  details on the options for implementing gap patterns for coexistence. To summarize, the three options are:
· TDM solutions where patterns are set by eNB after UE signals the interferer type and mode
· TDM solutions where patterns are set by eNB after UE signals the interferer type, mode, and the appropriate offset in sub-frames
· TDM solutions where patterns are set by UE controlling the ON duration, the OFF duration and pattern offset in sub-frames using CQI=0 (to control DL) and BSR=0 (to control UL)
 Gaps set  by eNB
In this option, the eNB sets a gap pattern on its own without any timing knowledge from the UE. The concept of measurement gaps is available in the standard to provide periods of inactivity for a UE to measure neighbouring cells of different frequencies or different RATs. This concept can be applied for providing periodic time intervals for use by the other in-device technology. A coexistence message from UE to eNB should identify the interfering technology and the traffic pattern (e.g. mode of operation under Bluetooth) so that the eNB can choose the appropriate gap pattern that supports coexistence. More details on the durations of the gap patterns are given in [2].
While the eNB setting the gap pattern on its own can work for several usage scenarios, explicit UE timing input is needed in some cases as mentioned in [2]. This is described in more detail in the next section.
Proposal 2: Include in the assistant information proposed in [3, Section 5.1.1.3] the radio type and mode of the interferer, i.e. for instance Type=BT and mode= eSCO.

Gaps with UE input
If the UE provides some information relevant to the interfering technology timeline, it can enable the eNB to avoid gap patterns that will not work due to the gaps not being able to protect the critical transmissions of the interfering technology such as beacons in WLAN. Also, changing link conditions for the multiple radios may lead to a dynamically changing requirement on the gap patterns.
There are two options for controlling the gap patterns at the UE. The first option is based on an explicit request of a phase and type of the gap pattern and depends on the eNB implementing this feature. The second option is based on existing mechanisms in the standards and only requires a certain interpretation of UE reports to limit transmission schedule. While the first option is based on the conceptually simple measurement gap patterns, the second option has the advantage of being supported by relatively minor modifications to the eNB behavior. 

 UE request of phase/pattern
In this option, the UE requests a certain starting offset and the type of the gap pattern depending on the current timing of the interfering technology. For instance, for the LTE-WLAN coexistence, the UE can request a starting offset so that the LTE gap includes the beacon reception time of WLAN. For the LTE video with BT audio use case, the UE could dynamically request updates for the gap pattern durations depending on the BT link conditions. Also, the UE could indicate whether both DL and UL gaps are needed or only UL gaps so that the loss to LTE when in-device interference is absent in a given direction is minimized.

BSR/CQI
In this option, the UE uses existing reports to obtain gaps from the eNB, using BSR/SR to prevent UL assignments, and CQI to prevent DL assignments.
This is the most flexible option since UE is aware of the exact timing of the interfering technology and can minimize the impact to normal LTE transmissions. In addition, UE input on LTE ON and OFF patterns can allow flexibility where UE can attain peak rates when the interferer disappears for short time as opposed to statically losing peak rate as in the eNB set patterns. Since existing mechanisms are used to achieve the gaps, this option requires the minimum changes to existing eNB implementations. 
For limiting UL transmissions in time, the UE can regulate the value of BSR based on its current rate and gap requirement. The eNB should not give more UL grants than requested in the BSR when the eNB is aware of the coexistence issue at the UE. This includes any grants assigned for aperiodic CQI or TCP ACKs. The eNB should also aim at serving as many grants within a subframe as possible to minimize the number of grants to serve a certain buffer amount. The UE can therefore control both the offset and the durations of the LTE active and inactive times depending on the interfering technology requirements. The eNB may also expect the UE to send BSR=0 at any time which will be interpreted as a request to stop UL scheduling immediately even if the previous buffer reported has not been served. This will protect the UE from not providing sufficient gap to the interfering technology due to unexpected delay by eNB in clearing the reported UE buffer e.g. due to reduced BW leading to longer transmission time. To resume UL transmissions, the UE can send an SR and start obtaining grants from eNB so that modified BSR can be sent again. An example timeline for UL gaps that are needed in Band 7 are shown below. 
It is also required that UE stops sending PUCCH during the LTE OFF time or send it with a lower frequency than that configured. This requirement is also true for the enabled by eNB gap patterns. We note though that in some scenarios, being a narrow band transmission with potentially less than PUSCH power, PUCCH may not cause disruptive interference to ISM and hence can be transmitted. 



Figure 2‑2: Band 7 timeline for UL gaps with 1 HARQ transmission

The gaps on UL transmission is enough for coexistence of ISM with LTE in Band 7. However, in Band 40, it is also necessary to obtain gaps on the DL since it is interfered with by ISM. The UE can use CQI=0 with previously sent coexistence message to indicate to the eNB to stop scheduling on the DL. The UE may stop monitoring PDCCH after sending CQI=0 so that it may not receive both DL and UL grants. After sending CQI=0, the UE may not send any CQI to prevent interference to the other technology. In order to resume normal DL receptions, the UE can send the regular non-zero CQI. The eNB has to configure periodic CQI for this technique to work. A small period of CQI such as 5ms or 10ms can also be used to reduce the overhead associated with starting and stopping transmissions. An example timeline for the combination of CQI=0 and BSR modification technique to achieve DL and UL gaps at the same time is shown below. 


Figure 2‑3: Band 40 timeline for both DL and UL gaps with 1 HARQ transmission

Proposal 3: Include the following mechanism to support TDM-based solutions:
· TDM solutions where patterns are set by eNB after UE signals the interferer type and mode
· TDM solutions where patterns are set by eNB after UE signals the interferer type, mode, and the appropriate offset in sub-frames
· TDM solutions where patterns are set by UE controlling the ON duration, the OFF duration and pattern offset in sub-frames using CQI=0 (to control DL) and BSR=0 (to control UL)
Conclusion
Coexistence solutions for simultaneous operation of LTE with another technology have been proposed when moving to a different frequency is not possible. A power limitation solution was proposed which is applicable to a broad range of scenarios for all traffic types. Since power limitation cannot work if the UE is power limited, an alternate set of solutions based on time sharing by the means of gaps was proposed. The gaps may be set by eNB on its own with some limitations or based on input from the UE. The following proposals were made for inclusion in the TR.
Proposal 1: Include  LTE UL power reduction as a solution for coexistence mitigation
Proposal 2: Include in the assistant information proposed in [3, Section 5.1.1.3] the radio type and mode of the interferer, i.e. for instance Type=BT and mode= eSCO.
Proposal 3: Include the following mechanism to support TDM-based solutions:
· TDM solutions where patterns are set by eNB after UE signals the interferer type and mode
· TDM solutions where patterns are set by eNB after UE signals the interferer type, mode, and the appropriate offset in sub-frames
· TDM solutions where patterns are set by UE controlling the ON duration, the OFF duration and pattern offset in sub-frames using CQI=0 (to control DL) and BSR=0 (to control UL)

Appendix: BSR/CQI with 2 HARQ
The timelines for BSR/CQI based method for controlling the gaps with the assumption of 2 HARQ transmissions per packet are shown below.













Figure 4‑1: Band 7 timeline for UL gaps with 2 HARQ transmissions






Figure 4‑2: Band 40 timeline for both DL and UL gaps with 2 HARQ transmissions
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