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Discussion and Decision
1      Introduction
In RAN2#75 meeting, it was proposed to use DRX (with some modifications) to handle LTE + BT voice usage scenario [2]. The agreement in RAN2#75 is “So far this solution seems feasible with some limitations (e.g. conf6)”. 
In RAN2#75bis meeting, there were contributions discussing the limitations of DRX solution for LTE + BT voice scenario [5]

 REF Ref_QC \h 
[6]

 REF Ref_ZTE \h 
[7]. This contribution is a revision of [5], with updates to show the problems of using DRX solution for LTE TDD UL/DL Configuration 1, 2 and 4.
2      Discussion
2.1     Limited supported patterns
The fundamental limitation of DRX solution is that it can only support contiguous LTE DL subframes within one DRX cycle when LTE On Duration is not extended. When DRX solution is used for LTE+BT voice scenario, DRX cycle is 10 ms and short DRX cycle (5 ms) can also be used within long DRX cycle. This means that DRX can only support bitmap patterns with LTE ON DL subframes contiguous in 10 ms or 5 ms period. Examples of supported patterns are shown in Figure 1 below.
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Figure 1: Supported patterns of DRX solution
Figure 2 below shows some 10 ms patterns not supported by DRX solution. The excluded bitmaps might be suitable for certain BT configurations. For example:
· For TDD UL/DL Configuration 1, for BT slave case, since the timing offset cannot be adjusted, UE can suggest a bitmap given the offset. For example, when offset is 0 ms, there is no interference when using bitmap “1110101110”. However such pattern is not supported by DRX solution.
· For TDD UL/DL Configuration 2, bitmap “1111011101” cannot be supported by DRX solution. There is no interference when using this bitmap (as shown in Figure 3 of Annex A). Actually this bitmap has better LTE DL subframe usage ratio (only 2 LTE DL subframes are not available) compared with bitmap “1111110100” captured in TR 36.816.
· For TDD UL/DL Configuration 4, bitmap “1111011101” cannot be supported by DRX solution. There is no interference when using this bitmap (as shown in Figure 4 of Annex A). This bitmap has the same LTE DL subframe usage ratio compared with bitmap “1111111001” captured in TR 36.816. Supporting such bitmap is beneficial from load balancing point of view.
· For TDD UL/DL Configuration 5, neither bitmap “0111110111” (although it is claimed to be supported in [2]) nor bitmap “1111010010” (captured in TR 36.816 [1]) can be supported by DRX solution. In addition, more patterns are beneficial for eNB scheduling flexibility e.g. for load balancing purposes.
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Figure 2: Patterns not supported by DRX solution

As one example to show the ratio of supported patterns to all available HARQ compliant patterns, we consider one definition of HARQ compliant patterns as below:
· For every LTE DL subframe enabled, it is associated with at least one LTE UL subframe for either DL or UL HARQ process; AND

· For every LTE UL subframe enabled, it is associated with at least one LTE DL subframe for either DL or UL HARQ process; AND
· At least one LTE DL HARQ process AND one UL HARQ process are enabled.
Table 1: Ratio of HARQ patterns supported by DRX solution
	TDD UL/DL Configuration
	Number of HARQ compliant patterns
	Number of HARQ compliant patterns supported by DRX solution
	Ratio of HARQ compliant patterns supported by DRX solution

	1
	60
	34
	57%

	2
	192
	51
	27%

	3
	190
	63
	33%

	4
	211
	46
	22%

	5
	256
	43
	17%

	6
	63
	31
	49%


From Table 1 above, it is obvious that DRX solution can only support a limited set of HARQ compliant bitmaps (with the ratio as low as 17%).
For TDD UL/DL Configuration 6, the period of UL HARQ timing is 60 ms. Using 60 ms DRX cycle with very short On Duration timer [4] can have impact on eNB scheduling flexibility. For example, if maxHARQ-Tx is configured to 5, eNB has to schedule at least one out of five opportunities to maintain one HARQ process. If maxHARQ-Tx is less than 5, there is more restriction on eNB scheduling. 
2.2     Challenges for implementation
DRX based solution requires real-time communications between LTE and BT modules since UE does not really know if eNB intends to schedule to accommodate for BT operation. Considering various processing delays (e.g. PDCCH decoding, the latency between inter-module communication), it might be challenging for implementation. On the contrary, for HARQ process reservation based solution, the pattern is configured ahead of time, therefore such real-time communication is not necessary.
3      Conclusion
In this contribution, 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. The limitation of the DRX solution are shown for all TDD configurations, where in most cases the DRX solution can only support less than 50% of the HARQ bitmap patterns. As described in Section 2, some important bitmap patterns for TDD configurations 1, 2, 4 and 5 that are beneficial for LTE performance, cannot be supported by the DRX solution. 
In the WID for In-Device Coexistence, it is stated that “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.” 
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 [3]), 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 1: DRX solution is insufficient to resolve in-device coexistence issues for LTE+BT voice scenario.
Proposal 2: HARQ process reservation based solution should be used to resolve in-device coexistence issues for LTE+BT voice scenario.
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Annex A Timeline analysis results
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Figure 3: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap 1111011101)
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Figure 4: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap 1111011101)
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