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Discussion and Decision
1      Introduction
During RAN2#72 meeting, timeline analysis for coexistence between LTE and Bluetooth was provided in [2] and the results were captured in latest TR [1]. In this contribution, additional results were provided. Simulation assumptions are same as [2].
2      Working assumptions for Bluetooth
For current contribution and [2], the working assumptions for Bluetooth device coexisting with LTE are:

· Bluetooth device should work as master.
· Bluetooth device can adjust its local clock to align eSCO timing according to LTE frame timing.
Note that above assumptions are also used by other contributions on timeline analysis of Bluetooth (e.g. [5][6]). There are two Bluetooth timing alignment methods discussed in [7]: fine timing alignment and coarse timing alignment. The former can be used when the required adjustment is small while the latter can be used if the adjustment is large. The fine timing alignment method can be implemented by Bluetooth device without any changes to Bluetooth standards. Bluetooth device can use the fine timing alignment method once the information of LTE configuration and frame timing is known. So there seems no need to require Bluetooth device to support features in [7], although such support may benefit coexistence operation.
3      Results
3.1     Coexistence between normal LTE and BT without TDM solutions
In [2], coexistence with BT eSCO 2-EV3 is showed. The intention was to show that even for more flexible 2-EV3, there are mutual interference. During the discussion in RAN2#72 meeting, there are some comments that the overlapping ratio is quite small. Although the interference level is already high in 2-EV3 (e.g. 1 out of 4 BT Rx instances are interfered), in this section, we show how serious the interference could be for EV3 case, which is considered to be used more frequently than 2-EV3 due to the relaxed radio quality requirements.
From Annex A, we can clearly see that without TDM solutions, the interference between LTE and BT eSCO EV3 is quite serious even when BT retransmissions are not considered.
Observation 1: without TDM solutions, the interference between normal LTE and BT eSCO EV3 is quite serious even when BT retransmissions are not considered.
3.2     Coexistence between SPS LTE and BT without TDM solutions
In [2], coexistence analysis is based on the assumption that UE needs to receive and transmit in every applicable LTE subframe. One may argue that for VoIP coexistence scenario (usage scenario 1a in [1]), LTE could use SPS, which implicitly reserves HARQ processes, therefore emulates TDM effect. However, SPS in general is a way to reduce PDCCH overhead for traffic with regular pattern in time domain and constant packet size, e.g. VoIP. Even when SPS is configured, there could be other traffics ongoing. For example, it is quite common even today that smart phones have various background data like email, location based services, and application updates. It is too much restrictive if we exclude other LTE traffics when VoIP is ongoing. In addition, even in pure SPS case, unless DRX is configured, UE needs to monitor PDCCH continuously. Furthermore, if retransmissions are needed, UE also needs to receive retransmissions and send ACK/NACK accordingly.
Despite the above discussion, timeline analysis for coexistence between “pure” SPS and Bluetooth is given below. Following assumptions are used:

· 3 OFDM symbols per subframe are configured for PDCCH. This is based on simulation assumptions for ITU-R submission [4]. Note that although 3 OFDM symbols are the maximum number of OFDM symbols configured PDCCH (except for 1.4 MHz system bandwidth), it is commonly used.
· For subframes without PDSCH intended for UE, only the first 3 OFDM symbols are used by UE for PDCCH reception. Note that this is optimistic for coexistence, since some UE implementation might use the 5th OFDM symbol (containing reference symbol) for channel estimation.
· For SPS operation, it is assumed that VoIP encoder frame length is 20 ms [3], which means that both semiPersistSchedIntervalDL and semiPersistSchedIntervalDL are 20 ms.
· It is assumed that SPS is only active for one link, e.g. there are no simultaneous DL and UL SPS operations. Note that this is again optimistic for coexistence since there are cases that both DL and UL SPS are working together, e.g. VoIP SID packet should be transmitted every 160 ms during silence and UL SPS will only be releases after implicitReleaseAfter (minimum 2) empty transmissions.
· SPS retransmissions are not modelled.
· No retransmissions in BT EV3.

Under these optimistic assumptions, timeline analysis results for coexistence with BT EV3 are shown in Annex B. It can be seen that there is no coexistence issue for LTE FDD since in this scenario, LTE UL traffic is minimized. Similar observation is true for LTE TDD UL/DL configuration 0, 1, and 6. However, there are collisions in other TDD configurations. It is expected that when more realistic assumptions are used, the collision ratio will increase. The results show that there are still coexistence issues for “pure” SPS without TDM solutions.
4      Conclusion
In this contribution, we analyze timeline for coexistence between LTE and BT and observe the coexistence issues for both normal and SPS LTE operations when TDM solution is not used. Analysis in [2] already shows that there is negligible interference between LTE and BT ACL/ eSCO when TDM solutions are used. It is therefore proposed to consider TDM solutions for coexistence between LTE and BT.
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Annex A
Timeline analysis of LTE and BT eSCO EV3 without retransmissions
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Figure 1 LTE FDD and BT EV3 (Offset of BT relative to LTE frame: 0 ms)
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Figure 2 TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure 3 TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure 4 TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure 5 TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure 6 TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure 7 TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure 8 TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
Annex B
Timeline analysis of LTE SPS and BT eSCO EV3 under optimistic assumptions
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Figure 9 LTE FDD and BT EV3 (Offset of BT relative to LTE frame: 0.625 ms)
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Figure 10 TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 10 – 0.625 ms)
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Figure 11 TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 10 – 0.625 ms)
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Figure 12 TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure 13 TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure 14 TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 7 – 0.625 ms)
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Figure 15 TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure 16 TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 1 – 0.625 ms) 
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