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Discussion and Decision
1      Introduction
In RAN2#77 meeting, three directions for TDM solutions were discussed:
· Use Rel-10 DRX as IDC TDM mechanism (maybe additional parameter values)

· Further enhanced DRX as IDC TDM mechanism

· Use measurement gap mechanism with new patterns as IDC TDM mechanism

The conclusion is “For the time being we stick to the DRX solution but we will further evaluate the gap pattern based solution. If we stick to DRX we will still consider enhancements.”
In this contribution, we discuss pros and cons of each direction.
2      Discussion
2.1     Comparison of solutions
Table 1 shows the comparison of three TDM solutions. It is obvious that Rel-10 DRX cannot provide predictable patterns while other two solutions can. For handling of LTE+BT voice scenario, DRX based solutions can handle the scenario but can only support a subset of patterns [2]. It is not clear how measurement gap based solution can support LTE+BT voice scenario even if more measurement gap patterns can be introduced. The reason is that measurement gap is a simple ON/OFF pattern for all DL/UL subframes within the period. Therefore it can only support a very limited set of HARQ bitmaps. 
Table 1: Comparison of TDM solutions
	Solutions  
	Rel-10 DRX  
	Further enhanced DRX
	Measurement gap based solution

	Providing predictable patterns 
	No. Active time can be extended dynamically 
	Yes

	Handling of LTE+BT voice scenario
	Yes, but can only support a subset of patterns.
	Questionable

	Changes to specifications 
	Small or no (may define additional parameters) 
	Large
	Small


Considering the above tradeoffs, it is proposed to consider further enhanced DRX as the TDM solution. In addition, for proper handling of LTE+BT voice scenario, it is proposed that UE also reports HARQ bitmap patterns in UL assistant information [3]

 REF Ref_Samsung \h 
[4] since current TDM assistant information (e.g. periodicity and scheduled period) are not sufficient to handle LTE+BT voice scenario.
Proposal 1: RAN2 to consider enhanced DRX solution for in-device coexistence. To support LTE+BT voice scenario, UE reports HARQ bitmap patterns in UL assistant information.
2.2     Enhanced DRX solution
Enhanced DRX solution tries to provide predictable patterns. There are several related aspects:

UL HARQ timing handling
In current DRX operation, UE has to monitor PDCCHs for pending UL retransmissions, which means that UE needs to monitor PDCCHs in unscheduled period, as shown in Figure 1 below. To provide predictable patterns, it is proposed that for in-device coexistence operation, UE can stop monitoring PDCCH for pending UL retransmissions during unscheduled period. 
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Figure 1: Current DRX behavior for UL HARQ timing
Proposal 2: For enhanced DRX solution, UE stops monitoring PDCCH for pending UL retransmissions during unscheduled period. 
New value for drxShortCycleTimer
Using 2 ms and 5 ms short DRX cycles can provide more patterns for coexistence with LTE+BT voice scenario. In [5]
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[6], it is proposed to introduce a new value (infinity) for drxShortCycleTimer. The argument is that currently the maximum value for drxShortCycleTimer is 16, and to continue using short DRX cycle, eNB needs to send one DRX MAC CE. 
When drxShortCycleTimer expires, UE starts using Long DRX cycle. There are two cases when UE starts using Long DRX Cycle. In the 1st case, drxShortCycleTimer expires at the boundary of Long DRX Cycle. This basically means that the same pattern happens again if the UE is scheduled during active time. In the 2nd case, drxShortCycleTimer expires in the middle of Long DRX Cycle, as shown in Figure 2 below. In this case, onDurationTimer is started using Long DRX cycle and hence there is no active time corresponding to Short DRX cycle. UE is actually experiencing LTE unscheduled period, which is coexistence friendly. As long as eNB schedules new DL/UL data when drxShortCycleTimer is running, drx-InactivityTimer is started. Once drx-InactivityTimer expires, UE starts using Short DRX Cycle and restarts drxShortCycleTimer. It means that Short DRX Cycle is mainly used when DL or UL scheduling is performed and hence, there is no need for eNB to send MAC CE to keep UE using Short DRX Cycle.
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Figure 2: Short DRX Cycle
Proposal 3: there is no need to introduce new value(s) for drxShortCycleTimer.
Scheduling Request
In current DRX operation, UE needs to monitor PDCCH when Scheduling Request is sent on PUCCH and is pending. This makes coexistence patterns unpredictable. The intention of sending Scheduling Request is to inform eNB about the UL data arrival. Since it is not desirable to schedule UEs in LTE unscheduled period, it is reasonable to assume that UE can wait eNB to transmit UL grant at LTE scheduling period. Also it is preferable that UE does not send Scheduling Request in LTE unscheduled period. 
Proposal 4: UE does not send Scheduling Request in LTE unscheduled period. In addition, UE does not monitor PDCCH when Scheduling Request is sent on PUCCH and is pending. 
Random access
In current MAC specification, monitoring RAR is independent from DRX operation. In addition, UE needs to monitor PDCCH when mac-ContentionResolutionTimer is running. There are many purposes UE could initiate RACH procedure, e.g. handover, RRC Connection Re-establishment, UL data arrival while no SR available. It can be seen that some RACH reasons are urgent (Handover), while others (e.g. SR like RACH) not urgent. It is possible to define rules on how to handle different RACH reasons with different ways, e.g. postpone SR like RACH but let Handover RACH to go through in LTE unscheduled period. However this makes the specification rather complicated and not future proof. Therefore it is proposed that handling of Random Access during LTE unscheduled period is left to UE implementation. Basically, it means that there are no changes to current specifications.
Proposal 5: handling of Random Access during LTE unscheduled period is left to UE implementation. 
3      Conclusion
In this contribution, we discuss TDM solutions, and propose the following:
Proposal 1: RAN2 to consider enhanced DRX solution for in-device coexistence. To support LTE+BT voice scenario, UE reports HARQ bitmap patterns in UL assistant information.

Proposal 2: For enhanced DRX solution, UE stops monitoring PDCCH for pending UL retransmissions during unscheduled period. 

Proposal 3: there is no need to introduce new value(s) for drxShortCycleTimer.

Proposal 4: UE does not send Scheduling Request in LTE unscheduled period. In addition, UE does not monitor PDCCH when Scheduling Request is sent on PUCCH and is pending. 

Proposal 5: handling of Random Access during LTE unscheduled period is left to UE implementation. 
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