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5.2.1.2
TDM solutions
SCO, eSCO, A2DP and ACL protocols are assumed to be supported by in-device BT radio when analyzing the TDM solutions for LTE-BT coexistence. Beacon, power saving and DCF protocols are assumed to be supported by in-device WiFi radio when analyzing the TDM solutions for LTE-WiFi coexistence.

For TDM solutions, the UE can signal the necessary information, e.g. interferer type, mode, and possibly the appropriate offset in subframes to the eNB. The UE can also signal a suggested pattern to the eNB. Based on such information, the final TDM patterns (i.e. scheduling and unscheduled periods) are configured by the eNB.

5.2.1.2.1
DRX based solution

The UE provides the eNB with a desired TDM pattern. For example, the parameters related to the TDM pattern can consist of:

-
Periodicity of the TDM pattern;
-
Scheduling period (or unscheduled period).
One example of the desired TDM pattern is depicted in Figure 5.2.1.2.1-1
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Figure 5.2.1.2.1-1: Example of UE suggested TDM pattern
It is up to the eNB to decide and signal the final DRX configuration to the UE based on UE suggested TDM pattern and other possible criteria e.g. traffic type. The scheduling period corresponds to the active time of DRX operation defined in section 5.7 [14], while unscheduled period corresponds to the inactive time. The eNB should try to guarantee the unscheduled period by existing mechanisms, e.g. appropriate UL/DL scheduling, SRS transmission configuration, DRX Command MAC control element usage, and etc. It means that flexibility principles from existing DRX mechanism will apply (i.e. variable scheduling/unscheduled period is possible) and no impact on UE HARQ operation is assumed so far. During inactive time UE is allowed to delay the initiation of dedicated scheduling request and/or RACH procedure. Figure 5.2.1.2.1-2 illustrates one example of eNB signalled DRX configuration based on UE suggested pattern depicted in Figure 5.2.1.2.1-1:
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Figure 5.2.1.2.1-2: Example of DRX configured by eNB to enable TDM
It is FFS whether special handling for RRM/RLM/CSI measurement during unscheduled period (inactive time) would be required.

5.2.1.2.2
HARQ process reservation based solution
In this solution, e.g. a number of LTE HARQ processes or subframes are reserved for LTE operation, and the remaining subframes are used to accommodate ISM/GNSS traffic.
For example, for LTE TDD UL/DL Configuration 1, the solution is shown in Figure 5.2.1.2.2-1. For each radio frame, subframe #1, #2 #6 and #7 are reserved for LTE usage. Other subframes may be used for ISM/GNSS traffic, i.e. UE may not be required to receive PDCCH/PDSCH and/or transmit PUSCH/PUCCH in those subframes, depending on coexistence scenarios. 
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Figure 5.2.1.2.2-1: Example of HARQ process reservation solution

It is up to the eNB to decide and signal the final pattern, e.g. a bitmap (i.e. subframe reservation pattern) to the UE based on some assistance information reported by the UE. With respect to the assistant information, the UE can indicate either:

-
Time offset between BT and LTE + BT configuration, or

-
In-device coexistence interference pattern(s), or

-
HARQ process reservation based pattern(s)

The information that UE provides should allow the network to ensure at least a pair of clean BT Tx/Rx instances in each BT interval, and as much as possible capacity to LTE. The reserved subframes should comply with LTE release 8/9 UL HARQ timing [15], and comply with LTE release 8/9 DL HARQ timing [15] as much as possible. It means that UE can assume that the eNB will restrict itself to DL allocation/UL grants inside this pattern. It is FFS whether the patterns are standardized in the specification, so that the eNB (or UE) can only signal an index of pattern (e.g. bitmap) to the UE (or eNB). It is FFS how frequent the assistant information should be sent from the UE.
Editor’s note: The feasibility and usefulness of this solution need further study.
5.2.1.2.3
Uplink scheduling restriction based solution

LTE uplink transmission causes interference to GNSS reception. In certain coexistence scenarios it would be helpful if the eNB scheduler restricts uplink scheduling for the UE to certain threshold. This solution is suitable for solving coexistence issue for those scenarios which needs LTE uplink transmission randomly distributed but restricted to certain threshold. The UE inform the interference situation to the eNB along with some assistant data e.g. uplink scheduling restriction threshold. The eNB scheduler tries to restrict uplink scheduling for the UE within the threshold.

For example, in GNSS each bit is DSSS spread over few tens of ms, i.e. 20ms bit period in case of GPS. GNSS requires some amount of interference free time every bit period depending upon GNSS receiver phase (i.e. acquisition, tracking phase). There may be no specific requirement that certain portion of bit period is more critical than other. If GNSS receiver can get sufficient percentage of interference free time out of every bit period then it can possibly recover the signal and solve the in-device co-existence issue.
Editor’s note: The feasibility and usefulness of this solution need further study.
Next Modified Subclause

5.2.2.1.1
LTE denials for infrequent short-term events
UE can autonomously deny LTE resources due to some critical short-term events of ISM side, e.g. some events during BT/WiFi connection-setup or other important signalling. Otherwise, large delay or failure of connection-setup could happen if these events are not prioritized over LTE. This solution is assumed to be used for the event that rarely takes place. Potentially, requirements on the frequency and duration of denials would need to be defined if such a solution would be adopted.
The analysis indicates that autonomous LTE denial at the UE, i.e. UE occasionally skipping an LTE UL transmission without any limitation is not acceptable due to its impact on LTE performance, especially on PDCCH link adaptation accuracy and PDCCH capacity [17]. It is FFS whether autonomous LTE denial with further enhancement, e.g. the UE would have to provide additional assistant information to the network, is needed to handle rare periodic or non-periodic events.

Editor’s note:
The feasibility and usefulness of this solution need further study.
Next Modified Subclause

6
Conclusion
[Editor’s note: This section captures the conclusion of the study. The section can be formulated in such way that the contents can be used as an input of further specification work.]
The following main conclusions were drawn during the study item phase:

1.
Regarding the usage scenarios to be considered, the prime focus is to support data communication over one type of ISM radio when LTE is also active at the same time.

2.
With respect to the modes of interference avoidance, at least an internal coordination between different radio technologies within the UE should be assumed when defining solutions.
3.
FDM solution is believed to be a feasible solution to resolve the in-device coexistence issues.
4.
DRX based TDM solution is believed to be a feasible solution to resolve the in-device coexistence issues.
5.
At this stage, it seems impossible to come up with a unified TDM solution to solve coexistence issues of all the usage scenarios. The possibility of unified signalling approach could be investigated during work item phase.
6.
It has been confirmed that any media sharing solution will come at a cost for LTE.
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