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1 Introduction

LTE and BT earphone has been identified in [1] as an important coexistence use case. For voice, BT uses the enhanced synchronous connection oriented (eSCO) mode which has a stringent latency requirement. Short-term gap patterns on LTE are needed to provide acceptable performance for BT eSCO. 
A detailed methodology to select short-term HARQ compliant gap patterns was presented in [3] and timelines for several cases are now included in the TR [1]. The HARQ gap pattern solution is also referred to as the HARQ bitmap solution or the HARQ process reservation solution. In [4], a mechanism for achieving the short-term HARQ gap pattern using DRX for some cases was presented. These cases were the universal pattern for Slave and frame aligned pattern for Master for LTE TDD Configurations 0-5. However, the applicability of DRX to achieve the gap patterns for several other important scenarios was not presented. In this contribution, we describe the scenarios which have not been covered by the DRX approach so far. 
First, we point out the similarities between the HARQ bitmap and DRX solutions for LTE-BT voice in Section 2. The details of the scenarios not covered by the DRX approach are then provided in Section 3. 
2 Similarities of HARQ bitmap and DRX solutions
As mentioned above, it has been established that short-term TDM in the timescale of a few ms is required to support the use case of LTE and BT voice. The HARQ process reservation based solution mentioned in Section 5.2.1.2.2 of [1] provides the exact pattern of time sharing between LTE and BT such that the HARQ relationships on the used subframes of LTE is preserved. It should be pointed out that fundamentally the DRX approach is also trying to achieve the same gaps which are HARQ compliant. In fact, the gap patterns that are used in the DRX approach in [4] are exactly the same as the frame aligned patterns for Master and universal patterns for Slave found in [3]. Hence, from the point of view of the UE, the nature of the gaps in both HARQ reservation solution and DRX approach is the same. It is only in the mechanism that is used by eNB to enforce these gaps that is different. 

In the HARQ bitmap approach, the eNB will have to signal a bitmap to inform the UE which subframes are marked as gaps. In the DRX approach, the eNB will send a DRX configuration message with some modified parameters. However, the purpose in both approaches will be for the eNB to restrict scheduling to the subframes which are not gaps. 
Proposal 1: Agree that for the cases where DRX was applied to achieve short term gaps between LTE and BT, both HARQ bitmap approach and DRX approach achieve the same objective of gap patterns that are HARQ compliant.
3 Scenarios not covered by DRX approach

The cases not covered by DRX approach are listed below.
1. Offset based pattern for BT Slave: The performance improvement possible with offset knowledge in the BT Slave scenario is presented in detail in the Appendix. As an example, it is seen that LTE DL/UL usage can increase from 50%/50% to 66.7%/75% for TDD Config 1 for some offsets compared to the universal pattern.  For TDD Config 3, the LTE DL/UL usage can increase from 28.6%/66.7% to 85.7%/66.7% which is a significant improvement for the DL usage.  
2. All Patterns for LTE TDD Configuration 6: The DRX approach was not shown in [4] for TDD Configuration 6 for either BT Master or Slave. 
3. Patterns with period more than 10ms: The lengths of the HARQ compliant gap patterns have not yet been finalized. It is not clear if the DRX approach will apply to any patterns other than the 10ms such as the 30ms bitmap length patterns that are mentioned in [1] for BT Master. The 30ms length patterns can provide a performance improvement over 10ms due to more choice of patterns. For e.g. for TDD Config 2, the 10ms pattern for Master in [3] has a DL/UL usage of 75%/100% whereas the 30ms pattern in [1] for the same TDD configuration has a DL/UL usage of 92%/100%. 
4. Multiple patterns to prevent eNB subframe overloading: When there is a loading concern at eNB with a particular pattern, it may be necessary to allow multiple patterns for each of BT Master and Slave scenarios. For example, in addition to multiple universal Slave patterns for Slave, offset based pattern selection can reduce overloading of some LTE subframes. Also, for BT Master, eNB may be able to choose different patterns for different users to balance the load knowing that BT Master can adjust its timing to use those patterns.
5. Patterns for other BT traffic profiles and interference scenarios: The patterns captured in [1] only show the specific case of BT eSCO with 6 slot transmission. For other BT profiles such as eSCO with 12 slots, better patterns can be utilized to obtain performance improvement for LTE as shown in [5]. The interference scenario considered in the examples in [1] is also only bidirectional interference i.e. LTE Tx interferes with BT Rx and BT Tx interferes with LTE Rx. If the interference between LTE and BT is unidirectional such that only LTE Tx interferes with BT Rx but BT Tx does not interfere with LTE Rx, then higher LTE subframe usage would be possible. Such examples show that there needs to be more flexibility in pattern selection and a DRX based mechanism to achieve these gaps has not been established.
6. FDD pattern for both BT Master and Slave: It was shown in [2] that there is an interference issue when LTE is doing UL in Band 7 and BT is receiving in ISM band. A possible HARQ compliant pattern to use for both BT Master and Slave is a 2ms ON 2ms OFF pattern as mentioned in [3]. The DRX solution for this important scenario has not been shown but appears to be workable with some new DRX parameters. 

Proposal 2: Agree that the DRX approach has to be shown to work for the scenarios above
4 Conclusion

 In this contribution, we pointed out similarities between HARQ bitmap and DRX approaches. We also identified several short-term patterns that are beneficial for LTE-BT voice coexistence, but were not shown to be achievable using the DRX mechanism. 
Proposal 1: Agree that for the cases where DRX was applied to achieve short term gaps between LTE and BT, both HARQ bitmap approach and DRX approach achieve the same objective of gap patterns that are HARQ compliant.

Proposal 2: Agree that the DRX approach has to be shown to work for the scenarios described in Section 3
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6 Appendix: Performance improvement with Offset based Pattern for Slave
In this Section, we compare the performance of the universal pattern and the offset-based patterns for BT Slave. As an example, we look at TDD Config 1 wherein the following three patterns were found to be applicable across the entire range of offsets if the pattern was chosen based on the offset.

1. 1011110111 – for 73% of offsets  (DL usage 66.7%, UL usage 50%)

2. 0011111011 – for 10% of offsets (DL usage 66.7%, UL usage 75%)

3. 1111111111 – for 17% of offsets (DL usage 100%, UL usage 100%)

The following were the universal patterns for this configuration.

1. 0011011001 (DL usage 50%, UL usage 50%)
2. 0011110011 (DL usage 50% , UL usage 50%)
3. 1001100111 (DL usage 50%, UL usage 50%)
4. 1100100110 (DL usage 50%, UL usage 50%)
As can be seen, there is significant gain to be had by using a pattern that is selected based on knowledge of the offset. Of course, the best offset based pattern #3 does not require any gaps but this is only true for some offsets. For some other offsets, the pattern can lead to increase in LTE DL subframe utilization from 50% to 66.7% and LTE UL utilization from 50% to 75% (i.e. comparing universal pattern to offset based pattern #2). The short-DRX approach was only shown to achieve the gap pattern corresponding to Universal pattern #1 above. Similar comparison of LTE subframe usage for all TDD configurations is given in Table 6‑1. The subframe usage of the universal pattern and the maximum subframe usage possible with the offset based patterns are shown in the table (the all 1s pattern is excluded from the offset based pattern for TDD Configurations 0, 1 and 6).

Table 6‑1: Performance improvement with offset based patterns for BT Slave

	TDD Config
	Universal Pattern
	DL usage
	UL usage
	Best offset pattern
	DL usage
	UL usage

	0
	0010011001
1000110001
1100100100
	50%
	33%
	1010111001
	75%
	50%

	1
	0011011001
0011110011

1001100111

1100100110
	50%
	50%
	0011111011
	66.7%
	75%

	2
	0011100111
	50%
	100%
	1011110111

1111011110
	75%

	100%


	3
	0011010011

1001100001
	28.6%

	66.7%

	1111111101
	85.7%
	66.7%

	4
	0011110011
	50%
	100%
	1011111011
	75%
	100%

	5
	0010110011

0011100011

0011100110
	44%

	100%

	1011101110

1011110011

1110111010
	66.7%

	100%


	6
	000011
000110
001100
011000
110000
100001
	33%
	33%
	000111
001110

010101

010110

011100
	50%
	50%


As shown in Table 6‑1, there is significant performance improvement possible for all TDD configurations when offset based patterns are used. Hence, these patterns must be supported in the TDM solutions.







