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1
Introduction 
During email discussion [74#32], two possible patterns reported by UE have been discussed [1][2][3]:
· In-device coexistence interference pattern(s), or

· HARQ process reservation based pattern(s)

Here we would like to talk about left technical issues and also how to merge the two solutions together and make progress for SI.
2
Discussion
2.1 Interference Pattern vs. HARQ Process Reservation based Pattern
Current TR[4] points out that “The reserved subframes should comply with LTE release 8/9 UL HARQ timing [15], and comply with LTE release 8/9 DL HARQ timing [15] as much as possible.”. To meet this requirement, UE have to consider HARQ process reservation into account when acquiring the assistant information.

For interference pattern, the pattern reported by UE indicates clear subframes and interfering/interfered subframes for LTE. The set of clear subframes for LTE complies with the timeline for at least one DL HARQ process and one UL full HARQ process. However, it’s not required for all clear subframes to comply with HARQ processes. Those clear subframes not time aligned with any HARQ processes are left to eNB for flexible scheduling. Moreover, if few interfering/interfered subframe exist, eNB may do nothing. Or if eNB suffers over loading problem, eNB may utilize those interfering/interfered subframes with some special control, e.g. power control.
For HARQ process reservation pattern, the pattern reported by UE indicates available subframes for LTE and BT. The set of available subframes for LTE are strictly time aligned with HARQ processes. 

From analysis above, the observation is that in general, both patterns should provide as many UL full HARQ processes and DL HARQ processes as possible.
For master BT, [2] gives patterns compliant with UL full HARQ process. And [1] provides an interference bitmap pattern not strictly time aligned with UL full HARQ process while leaving more flexibility to eNB for scheduling. For example, the reserved UL subframe for partial UL HARQ process could be utilized to carry ACK/NACK for DL HARQ process.
For slave BT, [3] provides a universal bitmap pattern for all time offsets, while [1] shows bitmap patterns for specific time offset. 

Universal bitmap pattern for TDD Config 1 [3]: 0011011001

Interference bitmap pattern [1]: 1011110111  1011110111  1011110111 (Offset = 0)
It could be easily seen, both two patterns work well. From analysis above, the observation is that different bitmap patterns could be achieved by different methodologies to make subframe reservation for LTE.

Observation 1: In general, both two patterns should provide as many full UL HARQ processes and DL HARQ processes as possible. 
Observation 2: Different bitmap patterns could be achieved by different methodologies to make subframe reservation for LTE. For example, subframes for partial UL HARQ processes could be reserved or not reserved for LTE at UE. Regarding BT slave mode, different patterns are also available, e.g. universal patterns for all time offset, and patterns for specific time offsets.
2.2 To Define in Specification
Current TR[4] has following FFS:
It is FFS whether the patterns are standardized in the specification, so that the eNB (or UE) can only signal an index of pattern (e.g. bitmap) to the UE (or eNB).
A lot of patterns could be achieved accordingly by different offset values and it will be very hard to traverse all possible patterns. Besides, for BT slave case, the offset is not adjustable. Therefore it’s impossible to predefine the patterns. Eventhough [3] shows one universal pattern found for all offset values, the feasibility is doubtable due to potential over-loading issue caused by the unique pattern applied by amount of UEs.

Considering issues analyzed above, we prefer not standardizing the patterns and leave it to UE implementation. What requires to be defined is how to get the patterns at UE/eNB and also the length of patterns.

Proposal 1: Prefer NOT standardizing the patterns and leaving it to UE and eNB’s implementation. 
Proposal 2: How to get the patterns and the length of patterns should be defined in specification.
In this paper, how to get the patterns at UE and eNB is suggested as follows:
The reserved subframe for LTE suggested by UE should contain as many full UL HARQ compliant processes and DL HARQ processes as possible and could also contain partially UL HARQ processes. 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. How to achieve the bitmap leaves to UE and eNB’s implementation.

The following table provides the length of patterns for TDD Config 1-6, which is the least common multiple of UL HARQ timing period, BT Tesco(3.75ms) and also frame duration.  For TDD Config 0, the length value comes to 770ms. From [1][2], it’s observed no conflicts happen in TDD Config 0 and 1 for  master BT. For slave BT, from email discussion[74#32], only TDD Config 1 requires additional TDM solutions since slave BT is not very popular. From analysis above, it’s proposed to only consider bitmap pattern length for FDD and TDD Config 1-6.

Table 2-Bitmap Pattern Length

	Configuration
	Bitmap Pattern Length

	LTE FDD
	120 ms

	LTE TDD UL/DL Configuration
	

	1
	30 ms

	2
	30 ms

	3
	30 ms

	4
	30 ms

	5
	30 ms

	6
	60 ms


Proposal 3: Bitmap pattern length for FDD and TDD Config 1-6 should be considered.

3
Conclusion 
In a summary,  we propose:

Proposal 1: Prefer not standardizing the patterns and leaving it to UE and eNB’s implementation. 

Proposal 2: How to get the patterns and the length of patterns should be defined in specification.
Proposal 3: Bitmap pattern length for FDD and TDD Config 1-6 should be considered.
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Annex-Proposed Modification to TR
5.2.1.2.2
HARQ process reservation based solution
In this solution, e.g. a number of LTE HARQ processes or subframes are reserved for LTE operation, and the remaining subframes are used to accommodate ISM/GNSS traffic.
For example, for LTE TDD UL/DL Configuration 1, the solution is shown in Figure 5.2.1.2.2-1. For each radio frame, subframe #1, #2 #6 and #7 are reserved for LTE usage. Other subframes may be used for ISM/GNSS traffic, i.e. UE may not be required to receive PDCCH/PDSCH and/or transmit PUSCH/PUCCH in those subframes, depending on coexistence scenarios. 
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Figure 5.2.1.2.2-1: Example of HARQ process reservation solution

It is up to the eNB to decide and signal the final pattern, e.g. a bitmap (i.e. subframe reservation pattern) to the UE based on some assistance information reported by the UE. With respect to the assistant information, the UE can indicate the subframe bitmap and length. 
The reserved subframe for LTE suggested by UE should contain as many full UL HARQ compliant processes and DL HARQ processes as possible and could also contain partially UL HARQ processes. 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. How to achieve the bitmap leaves to UE and eNB’s implementation.

· 
· 
· 
The information that UE provides should allow the network to ensure at least a pair of clean BT Tx/Rx instances in each BT interval, and as much as possible capacity to LTE. The reserved subframes should comply with LTE release 8/9 UL HARQ timing [15], and comply with LTE release 8/9 DL HARQ timing [15] as much as possible. It means that UE can assume that the eNB will restrict itself to DL allocation/UL grants inside this pattern. It is FFS how frequent the assistant information should be sent from the UE. The length of patterns is shown in following table.
Table 5.2.1.2.2-1-Bitmap Pattern Length

	Configuration
	Bitmap Pattern Length

	LTE FDD
	120 ms

	LTE TDD UL/DL Configuration
	

	1
	30 ms

	2
	30 ms

	3
	30 ms

	4
	30 ms

	5
	30 ms

	6
	60 ms
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