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Annex B:
Timeline analysis of in-device coexistence between LTE and Bluetooth
B.1
Assumptions
B.1.1
Bluetooth

In this analysis, TeSCO is assumed to be 6 slots for eSCO EV3. Bluetooth Tx/Rx duration is 0.42 ms and retransmission window Wesco=4. For Bluetooth polling rule, scenario A/B/C/F/G in Figure B.1.1-1 below are available Tx/Rx pairs if Bluetooth device is master. If Bluetooth device is slave, Tx label is replaced with a Rx label and vice-versa. It is also assumed that Bluetooth device can choose its frame timing relative to LTE if Bluetooth device is master. The following rules are used in the timeline analysis to select BT transmission instance within BT TeSCO interval. Note that order A/B/C/F/G is used when select BT Tx/Rx pair in the guideline below.
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.
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Figure B.1.1-1: BT Tx/Rx pairs

· 
· 
· 
· 
· 
B.1.2
LTE

For LTE TDD, normal CP are used for both DL and UL, and special subframe configuration 4 is used. For bitmaps, bit=1 indicates that corresponding subframe is for LTE usage.
B.2
Results

For all the results, red bar indicates that there is interference at corresponding Rx side. 
B.2.1A
Coexistence between LTE and BT eSCO EV3 without TDM solutions for BT master
Considering Frequency Hopping (FH) operation of Bluetooth, two scenarios could be assumed based on the RF analysis result given by Figure A.2.1-1 of subclause A.2.1:

1) LTE central frequency (fc) is in the range of 2375 to 2390 MHz. In this scenario, all Bluetooth channels are desensitized.

2) LTE central frequency (fc) is in the range of 2310 to 2365 MHz. In this scenario, 2/9 of Bluetooth channels are desensitized. It should be noted that adaptive frequency hopping could further improve the situation for this scenario.
Bluetooth EV3 and LTE collision ratios for the above two scenarios are shown in Table B.2.1A-1. The results presented in this table are based on the assumptions and results from the case “Analysis 1” in Annex A. Note that for calculation of LTE collision ratio, it is assumed that the whole LTE subframe is impacted if it interfered by BT transmission.
Table B.2.1A-1: BT EV3 and LTE collision ratio

	LTE TDD UL/DL Configuration
	BT Collision ratio (Scenario 1)
	BT Collision ratio (Scenario 2)
	LTE Collision ratio (Scenario 1)
	LTE Collision ratio (Scenario 2)

	0
	0%
	0%
	0%
	0%

	1
	0%
	0%
	0%
	0%

	2
	0%
	0%
	8.3%
	1.9%

	3
	0%
	0%
	14.3%
	3.2%

	4
	0%
	0%
	16.7%
	3.7%

	5
	12.5%
	2.8%
	18.5%
	4.1%

	6
	25%
	5.6%
	0%
	0%
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Figure B.2.1A-1: FDD and BT EV3 (Offset of BT relative to LTE frame: 0 ms)
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Figure B.2.1A-2: TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms)
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Figure B.2.1A-3: TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 3.375 ms)
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Figure B.2.1A-4: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 2.375 ms)
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Figure B.2.1A-5: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms)
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Figure B.2.1A-6: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 8.375 ms)
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Figure B.2.1A-7: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 8.375 ms)
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Figure B.2.1A-8: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms)
B.2.1
Void



























B.2.2
Coexistence between LTE and BT eSCO EV3 with TDM solutions for BT master
In this subclause, bitmap based TDM solution is used to mask off a number of LTE HARQ processes to accommodate coexistence. In these examples, the length of bitmap is 8 for FDD, 10 for TDD UL/DL Configuration 3, and 60 for TDD UL/DL Configuration 6. For TDD UL/DL Configuration 2/4/5, two set of results are provided: in Figure B.2.2-2, B.2.2-5, and B.2.2-7, the length of bitmap is 10; in Figure B.2.2-3, B.2.2-6, and B.2.2-8, the length of bitmap is 30.  
LTE FDD

For LTE FDD (Figure B.2.2-1), it can be seen that there is no interference. 
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Figure B.2.2-1: LTE FDD and BT EV3 (Offset of BT relative to LTE frame: 1- 0.625 ms, bitmap 11001100)
LTE TDD

Bitmaps are selected for compatibility with HARQ processes and are used from Figure B.2.2-2 to Figure B.2.2-9 below. The results show that with proper time alignment between LTE and Bluetooth and adequate number of reserved HARQ processes in LTE side, there is no interference. 
Note that the bitmaps shown in the results are fully HARQ compliant. Set of reserved subframes confirmed by eNB can also be partially HARQ compliant which means that all retransmissions of some UL HARQ processes may not be reserved for LTE. 
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Figure B.2.2-2: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 2.375 ms, bitmap 1111110100)
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Figure B.2.2-3: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 0 ms, bitmap 1111101111 1111111111 0111111111)
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Figure B.2.2-4: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap 1111111101)
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Figure B.2.2-5: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 3.375 ms, bitmap 1111111001)
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Figure B.2.2-6: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 1 ms, bitmap 1111110111 1011110111 1111111011)
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Figure B.2.2-7: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap 1111010010)
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Figure B.2.2-8: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 0 ms, bitmap 1111101011 1111101111 0111110111)
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Figure B.2.2-9: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap 1110011110 0111011011 0011111001 1011101101 1101100111 1100110110)

B.2.3
Coexistence between LTE and BT eSCO EV3 with TDM solutions for BT slave
Two example timelines of HARQ TDM solution for TDD UL/DL Configuration 1 and BT Slave EV3are provided in this section. 
In the first example, a HARQ bitmap of 0011011001 is used which is guaranteed to work for all possible timing offsets between LTE and BT [17]. A representative example of two possible BT timing offsets 0.5ms and 2.5ms are considered to show that the same LTE HARQ pattern works for both. The patterns of used BT slot pairs depend on the offset and are also shown. The BT slot pairs are shown over an interval of 30ms since the pattern of overlap with LTE repeats after that. 
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 Figure B.2.3-1: Timeline analysis for BT slave
An explicit validation of the used pattern was carried out for all BT timing offsets in [17]. For LTE TDD Configuration 1, there are a maximum of two consecutive UL subframes and these are separated by three DL subframes. This ensures that one BT Rx slot is guaranteed to succeed in any eSCO interval. For three consecutive DL subframes as in this TDD Configuration, there can be a BT offset for which no Tx slot is available in an eSCO interval. With the above HARQ TDM pattern, there is also no occurrence of more than three consecutive DL subframes. So, we have at least one BT Tx slot in each eSCO interval that does not cause interference to LTE. For slave, this Tx slot is usable if it is a reserved slot. If it is not a reserved Tx slot, then the poll in the previous Rx slot is required to succeed. The above gap pattern ensures that in such situations, this previous Rx slot also always succeeds due to the additional LTE UL gaps.  

Another timeline example is shown in Figure B.2.3-2 and Figure B.2.3-3 below. In this example, the timing offset is 0 ms between LTE and BT. Interference scenario is shown in Figure B.2.3-2, while Figure B.2.3-3 shows that improvement is possible when such timing offset knowledge is used to select the bitmap.
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Figure B.2.3-2: Timeline analysis for BT slave (TDM solution not used)
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Figure B.2.3-3: Timeline analysis for BT slave (TDM solution used, bitmap 1011110111 1011110111 1011110111)
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