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Discussion and Decision
1
Introduction
During RAN2#71bis meeting, TDM solutions for in-device coexistence were discussed. Suggested way forward is to provide timeline/complexity analysis for TDM solutions. This contribution is focused on the timeline analysis for coexistence with WiFi. Other aspects of TDM between LTE and WiFi can be found in [3].
2
Analysis
2.1
Beacon reception
In WiFi, beacon interval between Target Beacon Transmission Times (TBTT) is configured in the granularity of time units (1 TU = 1.024 ms), and is usually configured as 100 TU (102.4 ms). Although beacon transmission may be delayed if there is traffic at TBTT, AP will try to transmit every beacon at configured TBTT when medium is not busy. For example, in Figure 1 below, beacon #3 is delayed due to busy medium, however if medium is not busy, beacon #4 is transmitted at TBTT instead of being delayed. In summary, although there is some slight fluctuation of beacon transmission intervals, beacons are transmitted in a periodicall manner.
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Figure 1: Beacon transmissions
Although missing a few beacons in a rather long period is not a problem, frequent loss of beacon may result that STA deassociates with the AP, depending on implementation. In addition, STA is required to receive Delivery Traffic Indication Message (DTIM), which informs the STAs about the presence of buffered multicast/broadcast data on AP. Typically DTIM interval is set to 3 Beacon intervals. 
In summary, beacon reception is very critical for proper WiFi operation. Therefore when designing TDM patterns, the period should be selected to maximize the probabilities to receive WiFi beacons.
Proposal 1: TDM patterns should be designed in such a way that the probabilites to receive WiFi beacons are maximized.
2.2
Period of TDM patterns
The most straightforward way to maximize the probabilities to receive WiFi beacons is to make the TDM period equal to Beacon interval or a fraction (reciprocal of integer) of Beacon interval. In this case, we call TDM period is compatible with Beacon interval. This can be implemented either by configuring the period in unit of microseconds or by using hybrid DRX cycles [2]. For example, when using hybrid DRX cycle to emulate 102.4 ms TDM period, timeline of LTE and WiFi is shown in Figure 2 below.
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Figure 2: Timeline when TDM pattern period is one Beacon interval
It is possible to configure TDM pattern period as a fraction of Beacon interval if QoS requirement on delay is stringent. For example, the period could be configured as 1/2 of Beacon interval, as shown in Figure 3 below. Compared with Figure 2 above, eNB has more scheduling flexibility in Figure 3 since Beacon is not transmitted in every TDM period. 
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Figure 3: Timeline when TDM pattern period is 1/2 Beacon interval
If TDM pattern period is not compatible with Beacon interval, time drift between two systems results in the collision of Beacon with LTE activities. For example, if TDM pattern period is 64 ms (supported in current DRX scheme, note that 64 ms = 5/8 Beacon interval) and LTE active time is 32 ms, it can be seen from Figure 4 below that Beacons can collide (marked as red) with LTE activies.
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Figure 4: Timeline when TDM pattern period is 64 ms (5/8 Beacon interval)
For the LTE + WiFi usage scenarios defined in [1], the QoS requirements are not stringent as those for voice. This provides sufficient flexibility for both LTE and WiFi work in their respective active time. TDM solutions are sufficient for the avoidance of mutual interference between LTE and WiFi.
Proposal 2: TDM solutions can avoid mutual in-device interference between LTE and WiFi.
3
Conclusion
In this contribution, we analyze TDM solutions for coexistence between LTE and WiFi and propose that:
Proposal 1: TDM patterns should be designed in such a way that the probabilites to receive WiFi beacons are maximized.
Proposal 2: TDM solutions can avoid mutual in-device interference between LTE and WiFi.
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