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1      Introduction
During RAN2#72bis meeting, further timeline analysis for coexistence between LTE and Bluetooth eSCO was provided in [2]. One issue during online discussion is that whether the interference situation is severe enough when TDM solution is not used. This contribution analyzes this issue. In addition, this contribution proposes corrections to BT timeline analysis.
2      Collision ratio of Bluetooth EV3
According to timeline analysis in [2] (results are copied into Annex A for convenience), the collision ratio between LTE TDD and BT EV3 (without BT retransmissions) is summarized below. During 30 ms period, there are 8 BT Tx/Rx instances. In the table below, only collisions with BT Rx instances are considered (note that there are LTE Rx subframes affected as well, but not considered in the table). 
When considering Frequency Hopping (FH) operation of Bluetooth, we should consider the interference from RF perspective. Referring Figure A.2.1-1 of [1] (which are copied below for convenience), there are two scenarios:
a) LTE center frequency (fc) is in the range of 2375 to 2390 MHz. In this scenario, it can be seen that all Bluetooth channels are desensitized.

b) LTE center frequency (fc) is in the range of 2310 to 2365 MHz. In this scenario, 2/9 of Bluetooth channels are desensitized.
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Figure A.2.1‑1: Coexistence interference impact from LTE in B40 on BT

Bluetooth EV3 collision ratio for these two scenarios is shown in Table 1 below. It can be seen that BT collision ratio can be as high as 50%, which is not acceptable from user experience point of view. Therefore HARQ process reservation based solution as discussed in [2] is needed. 
Table 1: BT EV3 collision ratio

	LTE TDD UL/DL Configuration
	Collision ratio (Scenario a)
	Collision ratio (Scenario b)

	0
	25%
	5.6%

	1
	25%
	5.6%

	2
	0%
	0%

	3
	25%
	5.6%

	4
	12.5%
	2.8%

	5
	0%
	0%

	6
	50%
	11.1%


Note: only collisions with BT Rx instances are considered. For collision ratio 0%, there are LTE Rx subframes affected, but not considered in the table
3      Corrections to timeline analysis in [3]
For TDD UL/DL configuration 1, with bitmap “1001110011” (bit=1 indicates that corresponding subframe is reserved for BT use), timeline is shown in Figure 1 below.
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Figure 1 TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 1 – 0.625 ms)
For TDD UL/DL configuration 0 and 6, HARQ period is 70 ms and 60 ms for UL/DL configuration 0 and 6, respectively. Analysis results are shown in Figure 2 and Figure 3. Corresponding bitmaps are:

· UL/DL configuration 0: “0011011011 0011111001 1011101100 1111101110 1101100111 1100110111 0110011111”
· UL/DL configuration 6: “1011101101 1101100111 1100110110 1110011110 0111011011 0011111001”
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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 6 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms
4      Conclusion
In this contribution, we show that without TDM solutions, BT EV3 collision ratio alone can be as high as 50% (without considering the impact on LTE performance). This has great impact on user experience. It is therefore proposed:

Proposal 1: Capture BT EV3 collision problem described in section 2 in TR 36.816 (e.g. Annex B).
Proposal 2: RAN2 to agree the feasibility and usefulness of HARQ process reservation based approach, and agree to remove the Editor’s note (The feasibility and usefulness of this solution need further study) in TR 36.816.
In addition, some corrections to timeline analysis between LTE and BT are proposed:

Proposal 3: adopt the corrections in section 3 to Annex B of TR 36.816.
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Annex A
Timeline analysis of LTE and BT eSCO EV3 without retransmissions

[image: image5.png]LTE Rx

LTE Tx

BT Rx

BT Tx

Time (ms)

400

50.0




Figure 4 LTE FDD and BT EV3 (Offset of BT relative to LTE frame: 0 ms)
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Figure 5 TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure 6 TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure 7 TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure 8 TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure 9 TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure 10 TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure 11 TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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