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Introduction
LTE and BT is one very important combination from user point of view. Prior timeline studies have shown that if there is no co-ordination between LTE and BT then there will be very high number of collisions which is in some cases as high as ~45% for LTE TDD band 40[1]. [2][3] have analysed the LTE and BT time line and suggested that if careful LTE and BT synchronisations are followed then it is possible to reduce the number of collisions to good extent. When NW provides some more assistant then the collisions can be completely avoided. The purpose of this document is to propose text in TR 36.816 to capture the number of collisions between LTE and BT for various TDD configurations of band 40.
Discussion
The analysis of LTE and BT time line and corresponding collision rate is based on detailed analysis done in [4]. While arriving at actual collision number BT frequency hopping is also considered. The reason for considering BT frequency hopping is that usually if approximately 50MHz centre frequency separation is available between LTE and BT then interference to LTE DL from BT transmissions is negligible. So if LTE is operating at higher 20 MHz (i.e. 2390MHz Centre frequency) of band 40 then BT transmissions in frequency above 2440MHz should be manageable. It is expected that because of BT frequency hopping 50% of the time BT transmissions will not interfere with LTE DL even if in time domain it seems that there is collision between LTE and BT. Analysis is for upper 20MHz of band 40 because it is the most affected from ISM. LTE sub frames are taken as unit because it is useful to understand how much constraint is present for LTE. 
LTE and BT Collision rate
1. Timeline analysis of LTE and BT eSCO EV3 without retransmissions
	TDD Config.
	Time Duration of Analysis 
(LTE sub frames)

    (A)
	LTE Corrupted Sub frames

   (B)


	50% of LTE Corrupted Sub frames

     (C)
	BT Corrupted slots 
(corresponding LTE Sub frames)

    (D)
	% Collision rate

   (C+D)/A

	0
	30
	0
	0
	2
	6.66%

	1
	30
	0
	0
	2
	6.66%

	2
	30
	2
	1
	0
	3.3%

	3
	30
	3
	1.5 (~2)
	2
	13.33%

	4
	30
	4
	2
	1
	10%

	5
	30
	5
	2.5 (~3)
	0
	10%

	6
	30
	0
	0
	5
	16.66%


Analysis done above suggest that if LTE and BT are time co-ordinated then there can be up to 16.66% collisions between LTE and BT. 
2. Timeline analysis of LTE SPS and BT eSCO EV3 without retransmissions
	TDD Config.
	Time Duration of Analysis 

(LTE sub frames)

    (A)
	LTE Corrupted Sub frames

   (B)


	50% of LTE Corrupted Sub frames

     (C)
	BT Corrupted slots 

(corresponding LTE Sub frames)

    (D)
	% Collision rate

   (C+D)/A

	0
	60
	0
	0
	0
	0%

	1
	60
	0
	0
	0
	0%

	2
	60
	4
	2
	0
	3.33%

	3
	60
	2
	1
	1
	3.33%

	4
	60
	2
	1
	1
	3.33% 

	5
	60
	4
	2
	0
	3.33%

	6
	60
	0
	0
	0
	0%


Analysis done above suggest that if LTE and BT are time co-ordinated and voice traffic pattern are taken into account then there can be up to 3.33% collisions between LTE and BT. It is interesting to note that highest collision rate which was experienced by TDD configuration 6 has reduced to 0% when SPS is considered.
Note: It should be noted that the analysis done is for the case where retransmissions are not considered and BT link is eSCO EV3. When retransmissions are considered then the collision rate will be higher. However when BT link is considered eSCO 2EV3 then collision rate will come down.
LTE + BT earphone (VoIP service) Time Analysis Conclusion

Based on analysis done in Annex A (Required frequency separation) and Annex B (LTE and BT transmission/reception [5] time analysis) and text proposal given below following conclusions can be drawn:

1. No standardised solution required for lower 80MHz (i.e. 2300-2380 MHz) of band 40 (A.2.4)
2. No standardised solution required for band 7 (B.2.2)

3. Would be good to have solution for upper most 20MHz (i.e. 2380-2400 MHz) of band 40 (B.2.1, B.2.2, B.2.3).

So for BT solution is needed for a small part of the overall LTE deployments. The need for a solution is further reduced by the type of communication over BT (e.g. EV2) and possibility of time alignment between LTE and BT. However retransmissions in LTE and BT and inability to time align can increase the collision rate.
	
	EV3
	2EV3

	Time alignment
	Should be addressed with e.g. FDM, power or TDM solution
	Apart from frame time alignment, no additional solution required (B.2.3)

	No Time alignment
	Should be addressed with e.g. FDM, power or TDM solution
	Should be addressed with e.g. FDM, power based or TDM solution


In current version of TR36.816 Annex B bitmap based solution analysis is captured. However all other TDM based solutions are captured in section 5.2.1.2 of TR. It would be more structured if we remove the bitmap based solution from Annex B and put it’s introduction in section 5.2.1.2.
Proposal

Proposal 1: It proposed to accept following text proposal into TR 36.816
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TR 36.816 Text Proposal (Proposed text under track change)
******************** TR Text Proposal Start *********************
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 and 12 slots for eSCO EV3 and 2-EV3 respectively. It is also assumed that Bluetooth device can choose its frame timing relative to LTE. The following rules are used in the timeline analysis to select BT transmission instance within BT TeSCO interval.
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.

For the analysis with BT retransmissions (only 1 retransmission is considered), the guideline to find suitable BT Tx/Rx instances within a BT interval is described below (note that there are TeSCO / 2 BT Tx Rx instances).

· First BT Tx/RX instance is selected among the first TeSCO / 2 – 1 instances (i.e. excluding the last instance) according to following rule:
· 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.

· Use the same rule as above to select second BT Tx/Rx instance from instances after the 1st instance.

B.1.2
LTE

For LTE TDD, normal CP are used for both DL and UL, and special subframe configuration 4 is used.

B.2
Results

For all the results, red bar indicates that there is interference at corresponding Rx side. For each figure, four LTE radio frames are generated. 

B.2.1
Coexistence between LTE and BT eSCO EV3 (Without Retransmissions) without TDM solutions
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Figure B.2.1-1:  LTE FDD and BT EV3 (Offset of BT relative to LTE frame: 0 ms)
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Figure B.2.1-2: TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure B.2.1-3: TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure B.2.1-4: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure B.2.1-5: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure B.2.1-6: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure B.2.1-7: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure B.2.1-8: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 5 – 0.625 ms)
The analysis of LTE and BT time line and corresponding collision rate is based on detailed analysis given above. While arriving at actual collision number BT Frequency hopping is also considered. The reason for considering BT frequency hopping is that usually if approximately 50MHz centre frequency separation is available between LTE and BT then interference to LTE DL from BT transmissions is negligible. So if LTE is operating at higher 20 MHz (i.e. 2390MHz Centre frequency) of band 40 then BT transmissions in frequency above 2440MHz should be manageable. It is expected that because of BT frequency hopping 50% of the time BT transmissions will not interfere with LTE DL even if in time domain it seems that there is collision between LTE and BT. Analysis is for upper 20MHz of band 40 because it is the most affected from ISM. LTE sub frames are taken as unit because it is useful to understand how much constraint is present for LTE. 

LTE and BT Collision rate: Timeline analysis of LTE and BT eSCO EV3 without retransmissions 
	TDD Config.
	Time Duration of Analysis 

(LTE sub frames)

    (A)
	LTE Corrupted Sub frames

   (B)


	50% of LTE Corrupted Sub frames

     (C)
	BT Corrupted slots 

(corresponding LTE Sub frames)

    (D)
	% Collision rate

   (C+D)/A

	0
	30
	0
	0
	2
	6.66%

	1
	30
	0
	0
	2
	6.66%

	2
	30
	2
	1
	0
	3.3%

	3
	30
	3
	1.5 (~2)
	2
	13.33%

	4
	30
	5
	2
	1
	10%

	5
	30
	6
	2.5(~3)
	0
	10%

	6
	30
	0
	0
	5
	16.66%


Analysis done above suggest that if LTE and BT are time co-ordinated then there can be up to 16.66% collisions between LTE and BT. 

B.2.2
Coexistence between LTE SPS and BT eSCO EV3 (Without Retransmissions) without TDM solutions
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Figure B.2.2-1: LTE FDD and BT EV3 (Offset of BT relative to LTE frame: 0.625 ms)
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Figure B.2.2-2: TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 10 – 0.625 ms)
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Figure B.2.2-3: TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 10 – 0.625 ms)
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Figure B.2.2-4: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure B.2.2-5: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure B.2.2-6: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 7 – 0.625 ms)
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Figure B.2.2-7: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure B.2.2-8: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 1 – 0.625 ms) 
LTE and BT Collision rate: Timeline analysis of LTE SPS and BT eSCO EV3 without retransmissions
	TDD Config.
	Time Duration of Analysis 

(LTE sub frames)

    (A)
	LTE Corrupted Sub frames

   (B)


	50% of LTE Corrupted Sub frames

     (C)
	BT Corrupted slots 

(corresponding LTE Sub frames)

    (D)
	% Collision rate

   (C+D)/A

	0
	60
	0
	0
	0
	0%

	1
	60
	0
	0
	0
	0%

	2
	60
	4
	2
	0
	3.33%

	3
	60
	2
	1
	1
	3.33%

	4
	60
	2
	1
	1
	3.33% 

	5
	60
	4
	2
	0
	3.33%

	6
	60
	0
	0
	0
	0%


Analysis done above suggest that if LTE and BT are time co-ordinated and voice traffic pattern are taken into account then there can be up to 3.33% collisions between LTE and BT. It is interesting to note that highest collision rate which was experienced by TDD configuration 6 has reduced to 0% when SPS is considered. 
Note: It should be noted that the analysis done is or the case where retransmissions are not considered and BT link is eSCO EV3. When retransmissions are considered then the collision rate will be higher. However when BT link is considered eSCO 2EV3 then collision rate will come down.
B.2.3
Coexistence between LTE and BT eSCO 2-EV3 without TDM solutions
LTE FDD

For LTE FDD (shown in Figure B.2.3-1), if there is no restriction on LTE UL transmissions, it is obvious that there is interference on 2-EV3 reception due to continuous LTE UL transmissions. 
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Figure B.2.3-1: LTE FDD and BT 2-EV3 w/o retransmissions (Offset of BT relative to LTE frame: 0 ms)
LTE TDD

When TDM solutions are not used (i.e. without any restrictions on LTE scheduling) and BT retransmissions are not modelled, mutual interference can be avoided if time offset between LTE TDD and BT is selected appropriately for LTE TDD UL/DL configuration 0/1/2, as shown from Figure B.2.3-2 to Figure B.2.3-4. There are interferences for LTE TDD UL/DL configuration 3/4/5/6 under above conditions, as shown from Figure B.2.3-5 to Figure B.2.3-8.
When TDM solutions are not used and BT retransmissions are modelled, there are interferences for LTE TDD UL/DL configuration 0/1/2, as shown from Figure B.2.3-9 to Figure B.2.3-11.
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Figure B.2.3-2: TDD Configuration 0 and BT 2-EV3 without retransmissions (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure B.2.3-3: TDD Configuration 1 and BT 2-EV3 without retransmissions (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure B.2.3-4: TDD Configuration 2 and BT 2-EV3 without retransmissions (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure B.2.3-5: TDD Configuration 3 and BT 2-EV3 without retransmissions (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure B.2.3-6: TDD Configuration 4 and BT 2-EV3 without retransmissions (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure B.2.3-7: TDD Configuration 5 and BT 2-EV3 without retransmissions (Offset of BT relative to LTE frame: 3 – 0.625 ms)
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Figure B.2.3-8 TDD Configuration 6 and BT 2-EV3 without retransmissions (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure B.2.3-9: TDD Configuration 0 and BT 2-EV3 with retransmissions (Offset of BT relative to LTE frame: 5 – 0.625 ms)
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Figure B.2.3-10: TDD Configuration 1 and BT 2-EV3 with retransmissions (Offset of BT relative to LTE frame: 4 – 0.625 ms)
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Figure B.2.3-11: TDD Configuration 2 and BT 2-EV3 with retransmissions (Offset of BT relative to LTE frame: 3 – 0.625 ms)
LTE + BT earphone (VoIP service) Time Analysis Conclusion
Based on analysis done in Annex A (Required frequency separation) and Annex B (LTE and BT transmission/reception time analysis following conclusions can be drawn:
1. No standardised solution required for lower 80MHz (i.e. 2300-2380 MHz) of band 40 (A.2.4)
2. No standardised solution required for band 7 (B.2.2)
3. Would be good to have solution for upper most 20MHz (i.e. 2380-2400 MHz) of band 40 (B.2.1, B.2.2, B.2.3).
So for BT solution is needed for a small part of the overall LTE deployments. The need for a solution is further reduced by the type of communication over BT (e.g. EV2) and possibility of time alignment between LTE and BT. However retransmissions in LTE and BT and inability to time align can increase the collision rate.
	
	EV3
	2EV3

	Time alignment
	Should be addressed with e.g. FDM, power or TDM solution
	Apart from frame time alignment, no additional solution required (B.2.3)

	No Time alignment
	Should be addressed with e.g. FDM, power or TDM solution
	Should be addressed with e.g. FDM, power based or TDM solution


******************** TR Text Proposal End *********************
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