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1 Introduction 
At the last two meetings, the coexistence interference between LTE and BT has been confirmed [1][2] and a short description of the HARQ process reservation based solution has been captured as a study wayforward in [3]. However the overall method of the HARQ process reservation based solution, or say, the method of how to figure out the reserved HARQ process is not clear yet.
In this contribution, first we discuss the principle of the method to design the reserved HARQ process. Then we discuss the detail methodology to design the reserved HARQ process.
2 Discussion
2.1 Principle
The basic principle of the method is to reserve as little HARQ processes for BT as possible which could resolve the coexistence interference between LTE and BT and meanwhile have as little impact as possible on the LTE performance.
According to the basic principle above, we have the detail principles:
1. BT tries its best to avoid the coexistence interference between LTE and BT, assuming that BT has such capability, e.g. BT can adjust its local clock to align eSCO timing according to LTE frame timing and/or BT can select BT transmission instance within BT TeSCO interval flexibly as described in [1].
2. If the coexistence interference could be avoided by BT’s adjustment in some cases, then no HARQ process reservation based solution should be introduced.
3. Else if there is coexistence interference which can’t be avoided by BT’s adjustment anyway in other cases, to reserve as little HARQ processes as possible, it should be based on the least coexistence interference case among all the BT’s adjustment cases.
Proposal1: Discuss the basic and detail principle above.
2.2 Methodology
According to the detail principles above and to simplify the analysis condition, the the following assumptions are used for the analysis methodology:
Assumptions for BT:
· BT eSCO EV3 is used, which is used most frequently and has relaxed radio quality requirements;
· BT with no retransmission;
· BT can adjust its local clock to align eSCO timing according to LTE frame timing;
· BT can select BT transmission instance within BT TeSCO interval flexibly;
Assumptions for LTE:
· TDD configuration 0~6 is considered;
· With no restriction on UL/DL transceiver, that is LTE is with continuous transmission/reception during the analysis period;
With the principles and assumptions above, to reserve as little HARQ processes as possible, the following methodology is considered:
Step1: For each TDD configuration, adjust the timing offset between LTE and BT to figure out the corresponding coexistence interference probability (the corresponding coexistence interference status could be figured out at the same time);
Step2: For one TDD configuration, if the coexistence interference can’t be avoided by BT’s adjustment anyway, find the timing offset of which the corresponding coexistence interference probability between LTE and BT is minimun, called the best timing offset;
Step3: Design the reserved HARQ processes based on the coexistence interference status corresponding to the best timing offset (the error rate requirement in LTE and/or BT could be considered in the real world of couse);
Step4: Verify the designed reserved HARQ processes in Step3 could resolve the coexistence interference or not, e.g. using the method in Step1;
Proposal2: Discuss the methodology above.
2.3 Further analysis of the four steps
2.3.1 Step1
To figure out the coexistence interference probability corresponding to different timing offsets between LTE and BT, some simulation is carried out based on the assumptions in the above section and the detailed simulation assumptions in Annex A. And the results of the coexistence interference probabilitis corresponding to different timing offsets have been shown in Annex B.
2.3.2 Step2
From the simulation results in Annex B, it is shown that for all of the seven TDD configurations, the coexistence interference could not be avoided just by BT’s adjustment. Then the next question is how to find the best timing offset for each TDD configuration.
From the simulation results in Annex B, we can see that for TDD configuration 0/1/4, the minimum coexistence interference probabilityfor LTE and BT correspond the same timing offset, while for TDD configuration 2/3/5/6, the minimum coexistence interference probability for LTE and BT correspond to the different timing offset. That is, the analysis method in step1 can not ensure to find the best timing offset for all TDD configurations. Considering that the basic principle of the method to design the reserved HARQ process is to reserve as little HARQ processes as possible which could resolve the coexistence interference between LTE and BT and meanwhile have as little impact as possible on the LTE performance, the following rule is used for figure out the best timing offset for each TDD configuration:
1st: Figure out the timing offset(s) (denoted as timing_offset_A): using these timing offset(s), the probability to find at least one Tx/Rx instance in one Tesco window that with no interference between LTE and BT reaches maximum (i.e. P3 defined in Annex A reaches maximum).
2nd: Figure out the best timing offset(s) within timing_offset_A: using these timing offset(s), the probability to find at least one Tx/Rx instance in one Tesco window (Tesco windows except the windows finded windows in 1st) which has no interference on LTE reaches maximum (i.e. P4 defined in Annex A reaches maximum).

With the above rules and using the simulation assumptions in Annex A, the simulation results are presented in Annex C. From the simulation results in Annex C, we can get the best timing offsets for each TDD configurations:
Table 1 best timing offset
	LTE TDD UL/DL Configuration
	best timing offset

	0
	0.625/1.875/3.125

	1
	0.875/2.125/3.375

	2
	1.125/2.375/3.625

	3
	0.625/1.875/3.125

	4
	0.875/2.125/3.375

	5
	1.125/2.375/3.625

	6
	0.875/2.125/3.375


Proposal3: Discuss above rule for figureing out the best timing offset for each TDD configuration.
2.3.3 Step3
Take TDD configuration1 as an example, for the best timing offset 0.875, the corresponding coexistence interference status is shown in Figure 18. In this situation, LTE is not interfered during the simulation time while 3 BT Rx instances are interfered (the solid block stem shown in Figure 18). The corresponding LTE UL subframes that interfer the 3 BT Rx instances are: subframe #7, subframe #8 in the first/fourth radio frame, and the subframe #2, subframe #3 in the third radio frame. Then the bitmap with reserved HARQ processes (1: indicate that corresponding subframe is reserved for BT use) based on the interference status in Figure 10 is:
0100100110 0100101001 0011001001
33.3%  UL HARQ processes are reserved in the above bitmap.
2.3.4 Step4
Verify the designed bitmap could resolve the coexistence interference or not, using the simulation method in Step1. From the simulation result shown in Figure 19, we can see that with the worst assumption that the LTE is in full load, the 37.5% reserved UL HARQ processes could resolve the coexistence interference.
3 Conclusion 
In this contribution, the principle and methodology to design the reserved HARQ process have been discussed. One bitmap with reserved HARQ processes for TDD configuratioin1 based on the discussed methodology is presented and verified that with the worst assumption that the LTE is in full load, the designed bitmap with 37.5% reserved UL HARQ processes could resolve he coexistence interference.
We kindly ask RAN2 to discuss the principle and methodology above. If RAN2 accept the principle and methodology, we will be glad to prepare a text proposal.
4 Annex A—simulation assumptions
BT eSCO window (interval) for EV3 of single slot [4]:
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Figure 1
Timing offset between LTE and BT:
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Figure 2
The rules for BT to select BT transmission instance within BT TeSCO interval in Step1: the same rule as used in [1]:
	For the analysis without BT retransmissions, the guideline to find a suitable BT Tx/Rx instance within a BT TeSCO interval is described below.

· Try to use the first instance when there is no interference between BT and LTE.

· If no such instance can be found, try to use the first instance when there is no interference from BT to LTE.

· If no such instance can be found, use the first instance of the Tesco window.


Simulation time:

For some TDD configurations, the period is 10ms and the BT Tesco window is 3.75ms, the minimum simulation time should be 30ms. And the sampling rate is 8/ms.
The definition of probabilities:

P1: the interfered number of Rx instance/the total number of Rx instance in BT;
P2: the interfered number of DL slot/the total number of DL slot in LTE;
P3: the number of Tesco windows in which at least one Tx/Rx instance that with no interference between LTE and BT could be found/the total number of Tesco windows;

P4: the number of Tesco windows (Tesco windows except the windows found in P3) in which at least one Tx/Rx instance that has no interference on LTE/(the total number of Tesco windows - the number of Tesco windows found in P3 );
5 Annex B—simulation results for step1
P1: the interfered number of Rx instance/the total number of Rx instance in BT;
P2: the interfered number of DL slot/the total number of DL slot in LTE;
[image: image3.jpg]P1 for LTE(blue circle) and P2 for BT(red diamond)

offset




Figure 3 The interference probability of BT and LTE (TDD config 0)
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Figure 4 The interference probability of BT and LTE (TDD config 1)
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Figure 5 The interference probability of BT and LTE (TDD config 2)
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Figure 6 The interference probability of BT and LTE (TDD config 3)
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Figure 7 The interference probability of BT and LTE (TDD config 4)
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Figure 8 The interference probability of BT and LTE (TDD config 5)
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Figure 9 The interference probability of BT and LTE (TDD config 6)
6 Annex C—simulation results for step2
P3: the number of Tesco windows in which at least one Tx/Rx instance that with no interference between LTE and BT could be found/the total number of Tesco windows;
P4: the number of Tesco windows (Tesco windows except the windows found in P3) in which at least one Tx/Rx instance that has no interference on LTE/(the total number of Tesco windows - the number of Tesco windows found in P3 );
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Figure 10 P3 and P4 for TDD config 0
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Figure 11 P3 and PFigure 124 for TDD config 1
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Figure 13 P3 and P4 for TDD config 2
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Figure 14 P3 and P4 for TDD config 3
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Figure 15 P3 and P4 for TDD config 4
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Figure 16 P3 and P4 for TDD config 5
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Figure 17 P3 and P4 for TDD config 6
7 Annex D—simulation results for step3
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Figure 18 The interference status between LTE and BT when no TDM solution is adopted (timing offset=0.875)
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Figure 19 The interference status between LTE and BT when TDM solution is adopted (timing offset=0.875)
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