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1      Introduction 
During RAN#53 plenary stage 2 work for signalling and procedure for interference avoidance for in-device coexistence was approved [1]. The objectives of the WI w.r.t DRX based coexistence solution are as follows:

	· Specify necessary signalling and procedure to support the use of existing DRX mechanism to solve coexistence issues.

· Identify and evaluate if enhancements for existing DRX mechanism are needed to better handle coexistence issues, and perform a cost and complexity vs benefit tradeoff analysis for the identified enhancements. If shown to be needed after assessment, introduce necessary signaling and procedure to support selected enhancements to the relevant specification. 


In this contribution we analyze the DRX based coexistence solution and put forth our views on the implementation complexity aspects from UE perspective.
2      Discussion
During SI phase [2] it is showed that DRX based could be considered for LTE+BT voice case. The solution in [2] proposed DRX cycle length of 5ms or 10 ms, drx-OnDurationTimer in the order of 2 ms or 3ms and introduction of drx-retransmissionTimer of 0 ms to achieve LTE ON/OFF periods so that TDM based coexistence solution is possible with existing Rel 8/9 DRX mechanism. In this document we discuss the UE implementation complexity for DRX based solution to solve LTE+BT voice case.

The DRX parameters associated with DRX configuration are as follows:

drx-OnDurationTimer: the time indicates the UE that it shall remain awake to read the PDCCH every DRX cycle (range: 1 ms to 200 ms) 

longDrxCycle: denotes the time between OnDuration where the UE can sleep (range: 10 ms to 2560 ms)
drx-InactivityTimer: the timer indicates the UE the number of consecutive subframes to wait before enabling DRX after the last scheduled traffic (range: 1 ms to 2560 ms)
drx-retransmissionTimer: indicates to the UE the maximum number of subframes it should be awake if a retransmission of data is expected from the eNB (range: 1 ms to 33 ms)
shortDrxCycle: denotes a shorter cycle than the long DRX cycle (range: 2 ms, 5 ms to 640 ms)
drx-ShortCycleTimer 

The parameters drx-InactivityTimer and drx-retransmissionTimer provide variability to the DRX configuration such that the On Duration during which the UE monitors the PDCCH is extended. These parameters offer flexibility to the eNB scheduler and opportunity for UE battery conservation. The shortDrxCycle and drx-ShortCycleTimer are optional parameters for DRX configuration.
2.1     LTE+BT voice Scenario 
From UE implementation complexity perspective it is better if the LTE ON/OFF pattern remains constant for longer time so that the UE internal coordinator does not need to co-ordinate between LTE and BT in real time. Problem will be more severe if LTE and BT are implemented as two separate chips in that case inter-chip communication will impose some latency. Solution which put very stringent requirement of inter-module communication will lead to significant UE implementation complexity. For this reason if the TDM pattern remains constant for fairly long duration of time will be most appropriate solution. If current DRX mechanism is used in its current form then there are various factors which make the LTE ON and OFF duration a variable. As discussed above any short duration variability will make the implementation complex so the current DRX mechanism will be required to remove all the variable aspects.  

Proposal 1: To limit the UE implementation complexity it is better that LTE ON and OFF duration remains fixed.

Following DRX parameters can be imagined for DRX configuration to solve the coexistence problem:

DRX Cycle length: 5 ms or 10 ms depending on TDD configuration. The 5 ms value is supported by shortDrxCycle configuration while the 10 ms value is supported by longDrxCycle configuration.

drx-OnDurationTimer: 2 ms or 3ms depending on TDD configuration and BT master/slave mode. These values are supported by existing DRX configuration.

drx-retransmissionTimer: 0 ms or 1ms depending on TDD configuration and BT master/slave mode. 1ms value is supported by existing DRX configuration. However, 0 ms is not supported.

drx-InactivityTimer: This value is specified as 1ms in conjunction with drx-OnDurationTimer (1 ms or 2 ms) to achieve DL ON period of 2 ms or 3 ms.  The drx-OnDurationTimer + drx-InactivityTimer provide a fixed DL ON period. 
Therefore, the configuration of drx-InactivityTimer and drx-retransmissionTimer values as zero can work and at most there is small restriction on scheduler but it is still doable. 
However it is better to evaluate all the parameters and procedures related to DRX to check what all changes will be needed in existing DRX. 

One of them is pending scheduling request (SR) handling and the another is mac-contention resolution timer configuration handling. The existing MAC specification states when SR is triggered the UE remains awake till the grant is provided by the eNB. Therefore, the triggering of SR makes the LTE active time extended so that the UE monitors the PDCCH for UL grant. However, as mentioned above from UE implementation point of view it is better to provide fixed LTE ON/OFF periods where the LTE active time is not extended. Therefore, for the DRX to work some changes would be required for the pending SR handling in the context of DRX operation. 
Similarly, after transmitting msg3 during random access procedure (RACH) the UE remains awake while mac-contention resolution timer is running to monitor the PDCCH for msg4 from eNB. A non zero value of mac-contention resolution timer makes the LTE active time extended. By setting mac-contention resolution timer to zero fixed LTE ON/OFF can be provided; but with mac-contention resolution timer set to zero the RACH procedure would never be successful.

Observation#1: Even though short DRX can work for LTE+BT scenario, the UE implementation complexity increases if LTE ON/OFF time changes depending on situation.
Observation#2: The pending SR handling and the mac-contention resolution timer configuration handling would require some changes in the context of DRX operation for the DRX based coexistence solution to work.
3      Proposals

Based on above discussion we propose:
Proposal 1: To limit the UE implementation complexity it is better that LTE ON and OFF duration remains fixed.
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