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1 Introduction 
For the HARQ process reservation based solution, the wayforward has been agreed at last meeting that with respect to the assistant information, the UE can indicate either[1]:.
alt1. Time offset between BT and LTE + BT configuration, or

alt2. In-device coexistence interference pattern(s), or

alt3. HARQ process reservation based pattern(s)

For alt1, as analysed in [2], to figure out the interference situation between LTE and BT, some complicated algorithm should be introduced in the eNB. And to carry out the algorithm, the BT configuration which is definitely out of 3GPP scope should be informed to the eNB. So we don’t think that alt1 is a promising choice and mainly focus on the discussion of the two remaining alts.
In this contribution, we first discuss the principle of the UE assistant information design in section 2. In section 3, two general methodologies to figure out the patterns of alt2 and alt3 are given. Then in section 4, further analysis on the detailed methodologies for alt2 and alt3 based on the mentioned principle is taken, with some simulation results shown in Annex. And at last, some comparison of the the two alts are made in section 5.
And in this contribution, w.r.t the BT configuration, only the most used configuration in practice for voice, i.e. eSCO EV3 with 6 slot Tesco interval of total length 3.75msec is analysed. And no BT retransmission is considered here.
2 Principle of the UE assistant information design
The HARQ process reservation based solution is applicable for usage scenarios LTE+BT earphone (VoIP service) and LTE+GNSS Receiver [1] and was originally proposed for the former. To ensure the Qos of the VoIP, the final pattern decided by the eNB should ensure that there is at least one clear Tx/Rx in a BT Tesco interval and at least one clear UL HARQ process + one clear DL HARQ process in a RTT duration. In addition, considering that besides the VoIP traffic, there may be other traffics in usage scenario LTE+BT earphone (VoIP service), so the final pattern decided by eNB should have the following two characteristics:
1. Ensure at least one clear Tx/Rx in a BT Tesco interval and at least one clear UL HARQ process + one clear DL HARQ process in one RTT duration to accommodate the VoIP traffic.
2. Reserve as much UL and DL HARQ processes for LTE operation to ensure the LTE throughput (i.e. to accommodate other LTE traffics).
The eNB itself has no idea of in-device coexistence interference, and it decides the final pattern based on the assistant information from UE. Thus the principle of the UE assistant information design should be that with the assistant information the eNB could decide the final pattern with the above two characteristics.
Proposal1: The principle of the UE assistant information design should be that with the assistant information the eNB could decide the final pattern with the above two characteristics.
3 General methodology for alt2/alt3
Based on our analysis in [2] [3], the general methodology to figure out the in-device coexistence interference pattern(s) for alt2 is given in the left side of Figure 1.
And at last meeting, a method to figure out the indicated HARQ process reservation based pattern(s) for alt3 was presented in [4] . In the right side of Figure 1, the general methodology to figure out the HARQ process reservation based pattern(s) is tried to given based on [4].
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Figure 1
To guarantee the QoS of VoIP and ensure the QoS of all other traffics as much as possible, whether adopt alt2 or alt3, the methodology for alt2 or alt 3 should fulfil the principle proposed in section 2. So in the following section, some further analysis on the detail methodologies for alt2 and alt3 is taken, which could ensure that the methodologies comply with the mentioned principle.
4 Detailed methodologies
4.1 Detailed methodology for alt2
With the general methodology in the left side of Figure 1, to figure out worst interference status, it is assumed that LTE is with full buffer, that is, all the DL/UL subframes in LTE are assumed in use, i.e. all the 10 subframes in a radio frame are all in Tx/Rx state ( L1 in Figure 1). According to the principle proposed in section 2, to guarantee at least the VoIP traffic, the interference avoidance effort in BT
 ( L2 in Figure 1) should be:
	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 LTE to LTE BT.
· If no such instance can be found, use the first instance of the Tesco window.


And w.r.t the interference evaluation, the assumption is that once a LTE DL subframe overlaps with a BT Tx instance selected by BT for transmission, or once a BT Rx instance selected by BT for reception overlaps with a LTE UL subframe, the interference occurs.
With this methodology, the eNB could get the interfered DL subframes and/or interfering UL subframes from the indicated in-device coexistence interference pattern and decide the final pattern which fulfils the mentioned two characteristics.
In addition, according to [2] [3], with this methodology, for each TDD configuration, we can find the best time offset of which the corresponding coexistence interference probability between LTE and BT is minimum. As in most cases, the in device BT device is a master or is able to role switch to a master, so in most cases the BT could adjust its local clock to make the time offset between BT and LTE equal to the best time offset to reduce the interference between LTE and BT to the minimum. In this way, the reserved subframes for BT could be reduced to the minimum that the throughput in LTE could be maximized.
Proposal2: If to adopt alt2, discuss and take the above methodology for atl2.
4.2 Detailed methodology for alt3

For alt3, the HARQ process reservation based pattern(s) produced from the right figure of Figure 1 should have the property that with adopting the Selected Pattern(s), there should be no interference between LTE and BT for all of the time offsets between LTE and BT anymore. And to comply with the principle mentioned in section 2, we think that the Selected Pattern itself should have the two characteristics mentioned in section 2. Thus, to design the detailed methodology for alt3, we should first determine the definition/property of the Selected Pattern(s).
To comply with the principle mentioned in section 2, there could be two kinds of definitions:
Def1. A Selected Pattern is such a pattern that if is used, there will be at least one clear Tx/Rx in each BT Tesco interval ensured and at least one clear UL HARQ process + one clear DL HARQ process ensured all the time, i.e. both the initial transmission and retransimsiion of a packet could be ensured.
Def2. A Selected Pattern is such a pattern that if is used, there will be at least one clear Tx/Rx in each BT Tesco interval ensured and at least one clear UL HARQ process + one clear DL HARQ process ensured in each RTT (the clear HARQ processes between two RTT duration could be different), i.e. the retransimsiion of a packet may not be ensured.
Here we take TDD configuration 1 as an example to analyse the detailed methodology for alt3.
R1. HARQ pattern search space generation

According to Def1 or Def2, each HARQ pattern in the HARQ pattern search space should have at least one UL HARQ process and one DL HARQ process. Take TDD configuration1 for example, the RTT is 10ms, and all the UL HARQ processes are shown in Table 1, all the DL HARQ processes are shown in Table 2.
	1
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0

	2
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0

	3
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	4
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1


Table 1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0

	2
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	1
	0

	4
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0

	5
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0

	6
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1


Table 2
So there will be N HARQ patterns in the HARQ search space.
N= (
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With removal of the possible duplicated HARQ patterns generated using the above formulation, there will be 61 HARQ patterns different from each other in the HARQ pattern search space.
R2. Interference evaluation 
For each HARQ pattern in the HARQ pattern search, evaluate the interference status for all of the time offsets between LTE and BT. Similar as to alt2, the BT should make some interference avoidance. The interference evaluation criteria is the same with alt2.
R2-1. Selected Pattern evaluation methodology
The methodology for Selected Pattern evaluation depends on the property of the corresponding defined patterns. For both of the definitions, it should ensure both the performance of BT (at least one clear Tx/Rx in each BT Tesco interval) and the performance of LTE (at least one clear UL HARQ process + one clear DL HARQ process all the time for Def1, or in each RTT for Def2). To evaluate the above two properties, we define a BT interfered probability P and introduce a weight metric for each definition (Weight_Metric1 for Def1 and Weight_ Metric2 for Def2).
P = 0 and Weight_ Def1 = X   ------------------- (1)
P = 0 and Weight_ Def2 = Y   ------------------- (2)
If the BT interfered probability and the weight result (denoted as Weight_ Def1) of a pattern using weight metric Weight_ Metric1 in the HARQ pattern search space fulfil equation (1), then the pattern is a Selected Pattern with Def1.
If the BT interfered probability and the weight result (denoted as Weight_ Def2) of a pattern using weight metric Weight_ Metric2 in the HARQ pattern search space fulfil equation (2), then the pattern is a Selected Pattern with Def2.

For Def1, to ensure that at least one clear UL HARQ process + one clear DL HARQ process all the time, the Weight _Metric1 is shown in Figure 2.
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Figure 2 Weight_Metric1
For TDD configuration1 with RTT 10ms and for eSCO EV3 with 3.75ms Tesco interval, the interference situation will be repeated every 30ms. Thus the calculation of the the BT interfered probability P and Weight_ Metric1 needs only to be carried out for a duration of 30ms.
As shown in Figure 2, for each DL/UL HARQ process, the interference situation is evaluated in every 10ms with the interference result denoted as Fx (x=1,2,3). For a specific HARQ process, if the DL subframe of the HARQ process is interfered by BT Tx in a RTT duration, then Fx is 0, else Fx is 1. And the weight result of a specific HARQ process (WP) is:
WP= F1 & F2 & F3  ------------------- (3)
Then to compute the weight result of all the DL HARQ processes (Weight_Up) and the weight result of all the UL HARQ processes (Weight_Dp), as shown in Figure 2.
For Def1, at least one clear UL HARQ process + one clear DL HARQ process should be ensured all the time, thus the definition of Weight_Def1 is:
Weight_Def1 = Weight_Dp & Weight_Up -------------------  (4)
And if Weight_Def1 of a specific pattern equals to 1, the pattern is a Selected Pattern with Def1, else not.
The found Selected Patterns corresponding to Def1 for both master and slave are shown in Annex A.
For Def2, to ensure that at least one clear UL HARQ process + one clear DL HARQ process in each RTT, the Weight _Metric2 is shown in Figure 3.
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Figure 3 Weight_Metric2
Similar as for Def1, the calculation of the the BT interfered probability P and Weight_ Metric2 needs only to be carried out for a duration of 30ms. As shown in Figure 3, for each DL/UL HARQ process, the interference situation is evaluated in every 10ms with the interference result denoted as Fx (x=1,2,3). For a specific HARQ process, if the DL subframe of the HARQ process is interfered by BT Tx in a RTT duration, then Fx is 0, else Fx is 1. And the weight result of a specific HARQ process (WP) is:

WP= F1 F2 F3  ------------------- (5)

Then to compute the weight result of all the DL HARQ processes (Weight_Up) and the weight result of all the UL HARQ processes (Weight_Dp), as shown in Figure 3.

For Def2, at least one clear UL HARQ process + one clear DL HARQ process should be ensured in each RTT, thus the definition of Weight_Def2 is:

Weight_Def2 = Weight_Dp && Weight_Up -------------------  (6)

And if Weight_Def2 of a specific pattern equals to 111, the pattern is a Selected Pattern with Def2, else not.

The found Selected Patterns corresponding to Def2 for both master and slave are shown in Annex B.

Proposal3: If to adopt alt3, discuss the above methodology for alt3 and discuss whether Def1 or Def2 for Selected Pattern is taken.
5 Comparison 
Based on the methodologies for alt2 and alt3 analysed above, we can see that both alt2 and alt3 are feasible. Some quick comparison of the two alts is shown in Table 3 to help us to make the finall decision.
	alt
	prons
	cons

	alt2
	1. From the indicated in-device coexistence interference pattern, the eNB could get the actual interference situation in UE that could have full control of the pattern design with enough flexibility.
2. As indicated in [2], even for the same BT configuration, the interference situations are quite different for different time offset between LTE and BT. Using alt2, with the interference pattern corresponding to a specific time offset, the throughput of LTE could be ensured maximum.
	1. It is possible to specify the interference pattern for BT master corresponding to best time offset as shown in [2]. While for BT slave, the slave could not adjust the time offset between LTE and BT thus it is impossible to spedify the interference pattern for BT slave.
2. As analysed above, it is impossible to spedify the interference pattern for BT slave. To eliminate the difference brought from different UE implementations as much as possible, some general principles for figuring out the indicated interference bitmap should be given as in [2].

	alt3-Def1
	1. The Selected Pattern itself could ensure both the initial transmission and retransmission of the packets.
2. It is possible to specify the Selected Patterns to eliminate different UE implementations.
	1. Based on the suggested Selected Pattern from UE, the eNB would have no idea of the actual interference situation and would have little flexibility and litlle control of the pattern decision.
2. If to specify the Selected Patterns, due to the large amount of Selected Patterns found (as shown in Annex A and Annex B), some rules needs to be discussed to specify which patterns., e.g. only to specify the highlighted patterns in Annex A and Annex B.
3. As indicated in [2], even for the same BT configuration, the interference situations are quite different for different time offset between LTE and BT. Using Selected Pattern for all time offset, the throughput of LTE could not be ensured maximum.

	alt3-Def2
	1. It is possible to specify the Selected Patterns to eliminate different UE implementations.
	1,2 and 3. Same as alt3-Def1.
4. Retransmission of the packets may not be ensured.


Table 3
Proposal4: Although alt2 and alt3 are both feasible, we ask RAN2 to consider the prons and cons analysed above carefully to discuss which one should be adopted at last. Especially considering the traditional 3GPP policy, it is better to choose a method which could ensure the eNB’s control of the system as much as possible.
6 Conclusion 
Proposal1: The principle of the UE assistant information design should be that with the assistant information the eNB could decides the final pattern which could ensure the above two characteristics.
Proposal2: If to adopt alt2, discuss and take the above methodology for atl2.
Proposal3: If to adopt alt3, discuss the above methodology for alt3 and discuss whether Def1 or Def2 for Selected Pattern is taken.
Proposal4: Although alt2 and alt3 are both feasible, we ask RAN2 to consider the prons and cons analysed above carefully to discuss which one should be adopted at last. Especially considering the traditional 3GPP policy, it is better to choose a method which could ensure the eNB’s control of the system as much as possible.
7 Annex A – Selected Patterns for Def1
The Selected Patterns for BT master and BT slave are shown in Table 4.
	BT master/slave
	Selected Patterns
	UL HARQ process (corresponding to Table 1)
DL HARQ process (corresponding toTable 2)

	master
	1  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 1

	
	0  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 2

	
	0  1  1  0  0  0  1  1  0  0
	UL: 1

DL: 5

	
	1  1  1  0  0  0  1  1  0  0
	UL: 3

DL: 1,2

	
	1  1  1  0  0  1  1  1  0  0
	UL: 3

DL: 1,2,4

	slave
	1  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 1

	
	0  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 2

	
	0  1  0  0  1  0  0  1  1  0
	UL: 1

DL: 3

	
	1  0  0  0  1  0  0  1  1  0
	UL: 2

DL: 1

	
	1  0  0  1  0  0  0  1  0  1
	UL: 4

DL: 1

	
	1  1  0  0  1  0  0  1  1  0
	UL: 2

DL: 1,2

	
	1  0  0  1  1  0  0  1  1  1
	UL: 1

DL: 1,3


Table 4
8 Annex B – Selected Patterns for Def2
The Selected Patterns for BT master and BT slave are shown in Table 5.
	BT master/slave
	Selected Patterns
	UL HARQ process (corresponding to Table 1)

DL HARQ process (corresponding toTable 2)

	master
	1  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 1

	
	0  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 2

	
	0  1  0  0  1  0  0  1  1  0
	UL: 1

DL: 3

	
	0  1  1  0  0  1  0  1  0  0
	UL: 1
DL: 4

	
	0  1  1  0  0  0  1  1  0  0
	UL: 1
DL: 5

	
	1  0  1  0  0  0  1  1  0  0
	UL: 3
DL: 1

	
	1  1  1  0  0  0  1  1  0  0
	UL: 3
DL: 1,2

	
	1  0  1  0  0  1  1  1  0  0
	UL: 3
DL: 1,4

	
	1  1  1  0  0  1  1  1  0  0
	UL: 3
DL: 1,2,4

	slave
	1  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 1

	
	0  1  0  0  0  0  0  1  0  0
	UL: 1

DL: 2

	
	0  1  0  0  1  0  0  1  1  0
	UL: 1

DL: 3

	
	0  1  1  0  0  1  0  1  0  0
	UL: 1

DL: 4

	
	0  1  1  0  0  0  1  1  0  0
	UL: 1

DL: 5

	
	0  1  0  1  0  0  0  1  0  1
	UL: 1

DL: 6

	
	1  0  0  0  1  0  0  1  1  0
	UL: 2

DL: 1

	
	1  0  0  1  0  0  0  1  0  1
	UL: 4

DL: 1

	
	1  1  0  0  1  0  0  1  1  0
	UL: 2

DL: 1,2

	
	1  1  1  0  0  0  1  1  0  0
	UL: 3

DL: 1,2

	
	1  0  1  0  1  0  1  1  1  0
	UL: 3

DL: 1,3

	
	1  0  1  0  0  1  1  1  0  0
	UL: 3

DL: 1,4

	
	1  1  0  1  0  0  0  1  0  1
	UL: 4

DL: 1,2

	
	1  0  0  1  1  0  0  1  1  1
	UL: 4

DL: 1,3

	
	1  0  1  1  0  1  0  1  0  1
	UL: 4

DL: 1,4

	
	1  0  1  1  0  0  1  1  0  1
	UL: 4

DL: 1,5

	
	1  1  1  0  0  1  1  1  0  0
	UL: 3

DL: 1,2,4

	
	1  1  0  1  1  0  0  1  1  1
	UL: 4

DL: 1,2,3

	
	1  1  1  1  0  1  0  1  0  1
	UL: 4

DL: 1,2,4

	
	1  1  1  1  0  0  1  1  0  1
	UL: 4

DL: 1,2,5

	
	1  1  1  0  1  1  0  1  1  0
	UL: 1

DL: 1,2,3,4

	
	1  1  1  0  1  1  1  1  1  0
	UL: 3

DL: 1,2,3,4

	
	1  1  1  1  1  1  0  1  1  1
	UL: 4

DL: 1,2,3,4

	
	1  1  1  1  1  0  1  1  1  1
	UL: 4

DL: 1,2,3,5

	
	1  1  1  1  1  1  1  1  1  1
	UL: 4,

DL: 1,2,3,4,5

	
	1  0  1  1  1  0  1  1  1  1
	UL: 2,3,4

DL: 1

	
	0  1  1  1  1  0  1  1  1  1
	UL: 2,3,4

DL: 2

	
	0  0  1  1  1  0  1  0  1  1
	UL: 2,3,4

DL: 3

	
	0  0  1  1  1  1  1  0  1  1
	UL: 2,3,4

DL: 4


Table 5
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� Here we assuming the BT is a master
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