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1 Introduction

A methodology to obtain the best HARQ gap patterns to support the LTE and BT voice use case was presented in [2]. The assumption on BT traffic type in [2] was eSCO with 6 slots. In this contribution we discuss the application of the HARQ gap patterns to other BT modes. The results from applying the search to eSCO with 12 slots are presented in Section 2. The extension of the search methodology to BT A2DP traffic for the multimedia use case is discussed in Section 3.
2 HARQ gap patterns for BT eSCO 12

The two BT eSCO modes with 6 and 12 slots are shown in Figure 2‑1 and Figure 2‑2, respectively. 
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Figure 2‑1: eSCO 6 slot configuration
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Figure 2‑2: eSCO 12 slot configuration
The first half of eSCO12 interval is identical to the eSCO6 slot structure. The second half of eSCO12 consists of empty slots. Due to this structure of eSCO12, it is obvious that any LTE HARQ gap pattern which enables operation of eSCO6 will also allow operation of eSCO12. However, it is possible that the best HARQ gap patterns for eSCO12 are even better than for eSCO6.

We repeated the HARQ pattern search methodology of [2] for the specific case of BT Slave with LTE TDD Configuration 1. It turns out that the best universal HARQ pattern that work for any offset between LTE and BT are the same for eSCO6 and eSCO12. However, some additional offset based patterns were found for eSCO12. The results for the offset based HARQ pattern for eSCO6 and eSCO12 are shown in Figure 2‑3 and Figure 2‑4, respectively. It can be seen that an additional weight 8 pattern was found for eSCO12 which did not exist for eSCO6. However, it can also be seen that for many offsets the same pattern is the best for both eSCO6 and eSCO12. It is straightforward to repeat the same procedure for all other TDD configurations as well. 
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Figure 2‑3: Offset based HARQ patterns for BT eSCO6
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Figure 2‑4: Offset based HARQ patterns for eSCO12
 Proposal 1: The short-term HARQ gap pattern approach is also applicable to eSCO12. Some of the best patterns for eSCO12 were found to be even better for LTE than for eSCO6 although in many cases the same pattern is the best for both eSCO6 and eSCO12.
3 HARQ gap patterns for BT A2DP

Compared to eSCO, the gap pattern search methodology for A2DP differs in the following aspects 

1. We need a model for A2DP traffic pattern since it is not as strict as for eSCO. Even for a given source rate, the model should account for actual arrival times and formats of physical layer packets. 
2. We need to obtain a criteria for acceptable BT performance with A2DP

For BT slave, the traffic pattern is dependent on the polling pattern from the Master which is not fixed and so can’t be known. Therefore, we restrict this discussion to BT Master wherein we can control the transmission opportunities. Also, since the use case involved is multimedia streaming, we can assume that the Master is only transmitting data packets to slave and receiving ACKs from slave. The possible packet types for BT A2DP are listed in Table 3‑1. Each packet consists of a set of Tx slots immediately followed by an Rx slot for the ACK.
Table 3‑1: Different A2DP packet sizes

	Packet type
	Size (in bytes)
	Total Length including ACK slot

	2-DH3
	367
	2.025ms

	2-DH5
	679
	3.275ms


For the highest A2DP data rate of 345kbps, it is reasonable to assume that every 21.33ms, we have a total of 924 bytes arriving for transmission on the physical layer. As a result, during construction of the physical layer packets, the following packet types may be generated 
· Three 2-DH3 packets 
· Two 2-DH5 packets

The Master can be made to specifically choose the three 2-DH3 packets partition in a coexistence scenario. Allowing for one additional packet for retransmission or other ACL transmissions, we end up with the requirement on the LTE gap pattern of being able to provide enough gaps to send two 2-DH3 packets every 10ms. In a 10ms interval, there are 16 BT slots within which we need to provide at least two instances of three transmit slots followed by a received slot. A maximum of four such instances is possible in a 10ms interval. It is possible to repeat the gap pattern search methodology of [2] wherein for each gap pattern and each allowed combination of BT slots for two to four 2-DH3 packets, we determine whether each 2-DH3 packet is in error or not. A successful gap pattern would be one where there is at least one possible BT slot pattern with two 2-DH3 packets succeeding in spite of the LTE interference. The pattern of overlap with LTE will repeat after 10ms for TDD Configurations 0-5 and so the evaluation can be done only for one 10ms interval. For TDD Configuration 6, a 60ms period of overlap will have to be considered as discussed in [2]. 
Any gap patterns obtained in the above manner should also work for lower A2DP rates although better gap patterns may be possible for lower rates (just like eSCO12 can work with better gap patterns than eSCO6). 

Based on the above discussion, it appears that a search for HARQ gap patterns for the BT Master A2DP case should be possible. It can be considered further during the WI stage if necessary.

Proposal 2: It should be possible to obtain short-term HARQ gap patterns with A2DP when BT is a Master. The gap pattern method does not appear to be applicable when BT is a Slave.
4 Conclusion

Further application of the HARQ gap pattern search methodology presented in [1] was presented. The results with HARQ gap pattern search for eSCO12 were presented. It appears that HARQ gap pattern can also be applied to BT A2DP when BT is a Master. Based on the discussions presented here, the HARQ gap patterns appear to be a very versatile solution for coexistence mitigation.
Proposal 1: The short-term HARQ gap pattern approach is also applicable to eSCO12. Some of the best patterns for eSCO12 were found to be even better for LTE than for eSCO6 although in many cases the same pattern is the best for both eSCO6 and eSCO12.

Proposal 2: It should be possible to obtain short-term HARQ gap patterns with A2DP when BT is a Master. The gap pattern method does not appear to be applicable when BT is a Slave.
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