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Discussion and Decision
1      Introduction
In WID of In-Device Coexistence [4], one objective is “If the above solutions are deemed insufficient to resolve in-device coexistence issues, evaluate other solutions (e.g. HARQ process reservation based solution) identified during the SI [TR 36.816] in terms of gain vs complexity, and introduce selected ones to the relevant specification.” In [5], we analyze the limitation of DRX solution and propose to consider HARQ process reservation based solution to address LTE+BT voice scenario.
This contribution further analyzes the HARQ process reservation solution, with the focus on bitmaps used for UE reporting and eNB decision. In addition, the gain versus complexity of HARQ process based solutions is also discussed.
2      Discussion
2.1     Bitmap reported by UE
For bitmap reported by eNB, currently there are three options [2]
· HARQ bitmap is a UE recommendation for the subframes to be used by eNB to mitigate collisions between LTE and ISM/GNSS. The subframes satisfie HARQ timing relationships.
· Interference bitmap is a UE report on the interference experienced by UE on a per subframe basis.
· Common subframe usage bitmap is a generalization of the above two approaches, with each bit indicates whether the subframe is used or unused for LTE.
From UE operation point of view, it is beneficial that there is some guideline on how UE can derive such bitmaps. For example, HARQ bitmap is derived by selecting one HARQ bitmap which can maximize LTE capacity while minimizing the interference (note that the offset between LTE and BT can be varied during the searching process if BT device is master). Similarly, interference bitmap can be selected by choosing the bitmap with minimal impact to LTE capacity when varying the offset between LTE and BT.

When comparing HARQ bitmap vs. interference bitmap, since the target is to select a HARQ compliant bitmap with minimal impact to LTE scheduling efficiency, it is natural that UE can make the best recommendation since it has all the knowledge. For HARQ bitmap solution, UE feedback appropriate bitmap(s) based on internal evaluation thanks to the flexibility of BT side (selection of relative offset between LTE and BT, selection of BT Tx/Rx pair). Simply reporting interference bitmap may not provide sufficient information to eNB. Another issue of interference bitmap is that if interference bitmap is not aligned with HARQ operation, bitmap chosen by eNB will have more restrictions for LTE operation compared with the case that UE reports HARQ Bitmap. The length of interference bitmap might be also related to various BT configurations.
Proposal 1: for Bluetooth coexistence, UE reports a set of HARQ bitmaps to eNB.
2.2     Bitmap determined by eNB
For bitmap determined by eNB, from email discussion [2], the consensus seems to be that HARQ compliance should be satisfied as much as possible. There are different views on the bitmap length. In the timeline analysis for TDM solution, the focus is on TDD UL/DL Configuration 2/3/4/5/6, so current discussion is also focused on these configurations.
There are two options for HARQ bitmap length. In Option A, the bitmap length is the same as UL HARQ period. In Option B, the bitmap length is the least common multiple of UL HARQ period and BT interval (3.75 ms). The length is shown in Table 1 below.
Table 1: HARQ bitmap length when SPS is not configured
	TDD UL/DL Configuration
	UL HARQ period (ms)
	HARQ bitmap length (ms)

	
	
	Option A
	Option B

	2
	10
	30

	3
	
	

	4
	
	

	5
	
	

	6
	60


The benefit of Option B is that LTE usage might be higher compared with Option A. However when the bitmap length (e.g. 30 ms) is a multiple of UL HARQ period, such bitmap might have the problem that HARQ timing might not be satisfied if different segments of bitmap (with length equal to UL HARQ period) are not the same. Another issue is that the bitmap length is related to BT configuration. For BT EV3, Tesco=6 means that BT interval is 3.75 ms. However BT specification supports a large range of mandatory Tesco values. In Table 5.4 [3], Tesco for 2-EV3 could be 6 to 12 (even), while Tesco for 3-EV3 could be 6 to 18 (even). Different Tesco​ value means that different HARQ bitmap length might be needed. For example, when Tesco=10, the required HARQ bitmap length should be 50 ms. So it is not clear how Option B can handle different Tesco values.
Proposal 2: It is proposed to adopt Option A for HARQ bitmap length.
2.3     Whether to standardize bitmaps
One question is whether we need to standardize bitmaps. Interference bitmap might not need standardization except the bitmap length. So the question is mainly applicable for HARQ bitmap. 
The advantages of standardizing bitmaps:

· Reduced signaling overhead. Since only a set of HARQ bitmaps are selected from all possible bitmaps, the saving on signaling is obvious.
· Straightforward eNB/UE operation. Since the bitmaps are selected according to some rules e.g. HARQ compliance, there is no ambiguity on how to apply the bitmap.

The main drawback of standardizing bitmap is that it may require some efforts to arrive at the agreed bitmaps and may increase specification complexity. Considering above tradeoffs, we prefer not to standardize bitmaps. For LTE TDD UL/DL Configuration 6, a 6-bit bitmap can be used to indicate the combination of 6 UL HARQ processes, instead of 60 bit bitmap. 
Proposal 3: HARQ compliant bitmaps are signaled with full flexibility i.e. the bitmaps are not standardized. For TDD UL/DL Configuration 1-5, a 10-bit bitmap is used. For TDD UL/DL Configuration 6, a 6-bit bitmap is used.
2.4     Gain vs. complexity of HARQ process reservation solution
In [5], we discuss the limitations of DRX solution for LTE + BT voice scenario and show that DRX solution is not sufficient to handle in-device coexistence issues for LTE+BT voice scenario. 
It should be noted that the maximum throughput LTE can get is 33% for DRX solution (Table 5.2.1.2.1-1 of TR 36.816 [1]) when used for coexistence with WiFi, while the minimum throughput LTE can get for HARQ process reservation solution is 50% (Table 5.2.1.2.2-1 of TR 36.816 [1]). Given that the feasibility of DRX solution was agreed in RAN2#75 meeting, it is expected that the feasibility of HARQ process reservation solution can be agreed as well when using the same logic. 

HARQ process reservation based solution complies with HARQ operation, therefore no impact to existing radio protocols are expected. For HARQ process reservation based solution, it is expected that some RRC messages between UE and eNB will be introduced. Considering that the messages will be part of in-device coexistence framework (an example as shown in [6]), the changes needed by HARQ process reservation solution alone is minimal. It is also expected that the complexity increase in network or UE side is minimal considering that the solution complies with existing HARQ operation.

It is therefore proposed:

Proposal 4: HARQ process reservation based solution should be used to resolve in-device coexistence issues for LTE+BT voice scenario.

3      Conclusion
In this contribution, we analyzed HARQ process reservation based solution, and proposed the following:
Proposal 1: for Bluetooth coexistence, UE reports a set of HARQ bitmaps to eNB.


Proposal 2: It is proposed to adopt Option A for HARQ bitmap length.
Proposal 3: HARQ compliant bitmaps are signaled with full flexibility i.e. the bitmaps are not standardized. For TDD UL/DL Configuration 1-5, a 10-bit bitmap is used. For TDD UL/DL Configuration 6, a 6-bit bitmap is used.

Proposal 4: HARQ process reservation based solution should be used to resolve in-device coexistence issues for LTE+BT voice scenario.
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