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Introduction
In-device coexistence scenarios are studied in [1]. It is also understood that current mechanisms of LTE cannot be used as reliable procedure to detect and deal with in-device coexistence interference. In last 3GPP RAN2 meeting #71 some use case scenarios were agreed. In-device coexistence interference requires combination of various mechanisms such as TDM, FDM, Filter improvements etc.. In this paper we analyse TDM solution as a possible approach for the coexistence of LTE and BT radio. In this paper we investigate that is there any possibility that LTE and BT can coexist without need for a gap pattern communicated to eNB?
Discussion
TDM solution relies on separating activities of two different technologies in time domain such that transmission of one technology does not cause interference for receiver of other technology. This requires coordination between the transmission and reception activity of the interfering radios. At a high level the co-existence solutions should be such that both the radios are synchronous in their transmission and reception. The interfering radios can be synchronized in the following ways,
1. Time alignment of the radio frames of the two interfering radios

2. Transmissions of both interfering radios are aligned
3. Receptions of both interfering radios are aligned
4. While one radio is doing Tx/Rx the other radio is sleeping
The BT radio Tx/Rx occurs during BT slot duration of 0.625 ms. The SCO link is the popular configuration for voice traffic routed to BT headset. The voice traffic is carried by HV3 packet which occupies one slot duration of 0.625 ms. The T-SCO interval is 3.75 ms in which HV3 packet of 240 bits is transmitted/received periodically resulting in bi-direction data rate of 64 kbits/s.
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Fig.1 BT SCO HV3Activity timeline compared with LTE TTI

Fig.1 shows the LTE and BT time line for LTE TDD configuration 1 and BT SCO HV3 case which is for the popular case of voice routed to BT headset. Here also even after time alignment there is possibility of collision and so either some of LTE TTI or BT slots needs to be punctured.

Is it possible to avoid LTE scheduling restriction with EV3?
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Fig. 2 BT Activity timeline compared with LTE TTI (BT eSCO with EV3 packet)

In Fig. 2, instead of using SCO link with HV3 packet, we use eSCO link with EV3 packet for the voice traffic. For the SCO link the BT Tx/Rx slots are fixed with the T-SCO period of 3.75ms. The eSCO link allows re-transmission of the EV3 packet within the T-eSCO interval. 
Since re-transmission is allowed within the T-eSCO interval, it is possible to move BT Tx/Rx opportunity within the T-eSCO interval of 3.75 ms so that BT Rx is not corrupted by LTE Tx or BT Tx does not corrupt LTE Rx. In Fig. 2, the time alignment of the radio frames of LTE and BT have different synchronization point compared to the beginning of LTE frame as shown in Fig 1. 
From Fig. 2 we observe during first three T-eSCO intervals moving the BT Tx/Rx opportunity works to avoid BT Rx corruption without putting any restriction on LTE DL/UL scheduling. In the fourth T-eSCO interval we could not avoid corruption of the LTE Rx sub frames. Thus, 2 LTE Rx sub frames are corrupted corresponding to BT Tx slot in the fourth T-eSCO interval. In Fig. 2, we could achieve the following by using e-SCO link and a different synchronization point:
· Completely avoid BT Rx corruption.

· LTE scheduling restriction for that particular UE is now limited to only DL.

· There is no restriction on LTE scheduling in UL for that particular UE.

· Within a period of 15 ms; scheduling for two LTE sub frame is restricted in Fig. 2 compared to five LTE sub frames in Fig. 1.
Is it possible to avoid LTE scheduling restriction with 2-EV3?
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Fig. 3 BT Activity timeline compared with LTE TTI (BT eSCO with 2-EV3 packet)

In Fig 3, instead of using EV3 packet, we use eSCO with 2-EV3 packet which allows moving BT Tx/Rx opportunity within the T-eSCO interval of 7.5 ms so that it is not corrupted by LTE Tx. During second T-eSCO interval moving the BT Tx/Rx opportunity works to avoid BT Rx corruption. The LTE Rx sub frames corresponding to BT Tx are also not corrupted. There is no restriction on LTE scheduling. However, in order to support the QoS of voice traffic routed to BT headset, using 2-EV3 packets following pre-condition is required:

· Radio condition favourable for the use of 2-EV3 packets which are modulated using π/4-DQPSK, instead of EV3 packets modulated using GFSK.
· Both collocated BT radio and BT headset should support BT EDR mode configured for 2-EV3 eSCO
There will be LTE-BT co-existence issue for legacy BT headsets supporting only BR mode configured for HV3 SCO.

The LTE-BT in-device co-existence issue for the popular case of voice routed to BT headset can be solved using 2-EV3 eSCO. All other LTE frame structure configurations are shown in Annexure.  

Conclusion
In this document we analysed that it is possible that for different LTE TDD configuration and using 2EV3 eSCO BT link we can find out a pattern of BT operation in such a way that none of the BT Transmission will collide with LTE DL sub-frames and none of the LTE UL transmission slots will collide with BT RX. However since this possibility is applicable for band 40 and in case of LTE FDD band 7 there is no such combination possible so still a TDM solution will be required where a gap pattern needs to be communicated to eNB. Gap pattern will be such that wherever there is possible collision in those sub-frames UE will not be scheduled by eNB. This analysis suggests that study of possible TDM solution for in-device coexistence can focus more for LTE+WiFi Coexistence.
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Annexure

We have capture other LTE configuration with BT 2EV3 and this also suggest that it is possible to completely avoid collision between LTE and BT

.
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Fig. 4 LTE-BT co-existence for BT eSCO with 2-EV3 packet (Configuration 0)
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Fig. 5 LTE-BT co-existence for BT eSCO with 2-EV3 packet (Configuration 4)

The synchronization point for BT getting aligned with LTE frame structure is same for configuration 0 and configuration 4.
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Fig. 6 LTE-BT co-existence for BT eSCO with 2-EV3 packet (Configuration 2 and Configuration 5)

The synchronization point for BT getting aligned with LTE frame structure is same for configuration 2 and configuration 5.
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Fig. 7 LTE-BT co-existence for BT eSCO with 2-EV3 packet (Configuration 3 and Configuration 6)

The synchronization point for BT getting aligned with LTE frame structure is same for configuration 3 and configuration 6.
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