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1      Introduction 
During RAN2#76 following working assumptions were considered for DRX based in-device coexistence solution [1]:

	=>
We will focus on specifying UL assistant information that would be needed not matter which TDM solution we choose. 

=>
Since DRX is available anyway, it can be considered as the baseline.

=>
DRX should be used in a predictable way, i.e., the eNB should ensure a predictable pattern of unscheduled periods by means of DRX

=>
It can be discussed whether additional parameter values should be support in the DRX mechanism. Other changes to the DRX procedure should be avoided if possible. 


In this contribution we present our views on how predictable nature of DRX configuration could be realized for providing in-device coexistence solution.
2      Background

The DRX parameters associated with DRX configuration are as follows [2]:

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

longDrxCycle: denotes the time between OnDuration where UE can sleep (range: 10 ms to 2560 ms)
drx-InactivityTimer: indicates 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 UE the maximum number of subframes it should be awake after expiry of HARQ RTT timer if retransmission of data is expected from the eNB (range: 1 ms to 33 ms)
drxStartOffset: Specifies the subframe where the DRX Cycle starts
shortDrxCycle: denotes a shorter cycle than the long DRX cycle (range: 2 ms, 5 ms to 640 ms)
drx-ShortCycleTimer: indicates  time in multiples of Short DRX cycle UE shall follow the shorter cycle (range: 1 to 16)
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.
3      Discussion
The DRX based TDM solution provides LTE ON period which corresponds to active time of DRX operation, while LTE OFF period corresponds to inactive time. For in-device coexistence UE could be configured with appropriate DRX parameters for PDCCH monitoring and UL transmission could fall in active time (LTE ON period) of DRX and UE could perform ISM activity during inactive time (LTE OFF period). During SI phase DRX based solution was proposed to achieve LTE ON/OFF periods so that TDM based coexistence is possible for LTE+BT voice scenario with existing Rel 8/9/10 DRX mechanism [3]. HARQ process reservation based bit map mechanism is predictable in nature and relatively easy to implement in UE. Whereas DRX based mechanism is relatively complex for LTE+BT voice case. However if it is required to make DRX work for LTE+BT voice case then it is required to have predictable nature of DRX configuration. In [4] it was proposed to have fixed LTE ON and OFF duration with the DRX configuration for in-device coexistence to limit UE implementation complexity.  
3.1     Predictable nature of DRX Configuration 
The following configuration of DRX parameters can be imagined to achieve predictable nature of 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/shortDrxCycle configuration.

drx-OnDurationTimer: Fixed OnDuration of 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: The drx-InactivityTimer extends the LTE ON period providing variability. The drx-inactivityTimer can be stopped with the DRX Command MAC CE to avoid extension of LTE ON time. However, if 0 ms value is supported for drx-InactivityTimer then drx-OnDurationTimer alone can provide a fixed DL ON period. 
Therefore, configuration of drx-InactivityTimer and drx-retransmissionTimer values as zero can provide fixed DL ON period to achieve predictable nature of DRX configuration. 
Observation#1: Extend support of drx-InactivityTimer and drx-retransmissionTimer values as 0 ms in DRX configuration.
Proposal#1: RAN2 to discuss and adopt the text proposal #1 provided in annexure.  
3.2     Handling of UL activity  
According to MAC specification TS 36.321 [2], when a DRX cycle is configured, the LTE active time includes when the following timers are running or conditions are true and the UE needs to monitor PDDCH:
· onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer  is running; or
· a Scheduling Request (SR) is sent on PUCCH and is pending 
In Section 3.1 we discussed configuration of onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer to provide predictable DRX. The handling of mac-ContentionResolutionTimer is part of contention based random access (RACH) procedure. During handover completion and eNB-triggered uplink re-alignment, the contention free RACH procedure is followed without involving handling of mac-ContentionResolutionTimer. The UL activity related to SR procedure and RACH procedure need to be handled so that predictable nature of DRX is not disturbed.  During SI phase it was concluded UE is allowed to delay the initiation of dedicated scheduling request and/or RACH procedure during inactive time (LTE OFF period) [5].
3.2.1 RACH Handling

There are situations for instance RRC Connection Re-establishment procedure or UE-triggered uplink re-alignment where the contention based RACH procedure may be initiated during LTE OFF period.  Also, during handover completion the contention free RACH procedure may be initiated during LTE OFF period. During RRC Connection Re-establishment procedure T301 (range: 100 ms to 2s) is running, upon expiry of T301 UE moves to idle mode resulting in RRC connection re-establishment failure. The UE may delay initiation of contention based RACH procedure by few ms to the next active time (less than 10 ms for LTE+BT voice case since DRX cycle length is either 5 ms or 10 ms depending on TDD configuration). The T301 timer should be able to absorb this delay. The UE shall expect the RACH response from eNB during the next active time and need not be awake during the inactive time. There is also no problem if the UE may delay the RACH due to UE-triggered uplink re-alignment. However, when Msg3 is transmitted, the UE starts mac-ContentionResolutionTimer and needs to monitor the PDCCH to receive UE identity (C-RNTI) until mac-ContentionResolutionTimer (range: 8ms to 64ms) expires or is stopped [2]. The running of mac-contentionresolution timer makes the LTE active time extended loosing the predictability of DRX configuration from UE’s perspective. The mac-contentionresolution timer can be handled in following ways:

A. Setting mac-contentionresolution timer to zero or small value (2 ms) fixed LTE ON/OFF can be achieved; but with such a setting of mac-contentionresolution timer the RACH procedure would never be successful.

B. Setting the mac-contentionresolution timer to high value (24 or 32ms), when the timer is running UE shall monitor the PDCCH only during fixed onDuration of DRX cycle, no LTE activity during inactive time but timer keeps running and resume monitoring PDCCH during next onDuration, continue till timer expires or RACH is successful.
C. No change in mac-contentionresolution timer handling allowing RACH procedure to complete while denying ISM when active time gets extended. Since LTE is backhaul for LTE+BT Voice and LTE+WiFi portable router scenarios. So there will not be end-to-end data transmission/reception till RACH is successful. But however, buffering of ISM packets should not be avoided at UE till LTE link is established after RACH. Denying of ISM should not result in perceivable degradation of Link quality especially in LTE+BT scenario.
At handover completion procedure T304 (range: 50 ms to 2s) is running during which UE needs to complete contention free RACH procedure at target cell. Expiry of T304 results in handover failure. If the two step RACH procedure is delayed to the next active time (less than 10 ms in LTE+BT case) it seems reasonable to assume the T304 timer should be able to absorb the delay without encountering handover failure. However, handover failure is not desirable from LTE perspective, UE shall continue with RACH during inactive time (denying ISM temporarily) and waiting for RACH response during the next active time. ra-responseWindowSize is up to 10ms so in case of LTE+WiFi where 50ms LTE ON and 50ms LTE OFF (i.e. WiFi ON) will become complicated. For making DRX predictable in this case needs some mechanism.
3.2.2 SR Handling

When the UL is already time aligned the UE sends SR on the dedicated resource of PUCCH. It is possible that the SR is triggered during the inactive time. According to MAC specification TS 36.321, 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 it is better to provide fixed LTE ON/OFF periods where the LTE active time is not extended for the coexistence solution to work in case of LTE+BT scenario. Instead of triggering the SR during inactive time, there is no problem if the UE may delay the SR to the next active time. The UE shall expect the UL grant from eNB either in the active time when SR was triggered or during the next active time and need not be awake during the inactive time. 
Proposal#2: RAN2 to discuss and adopt the text proposal #2 provided in annexure.  

3.2.3 CSI handling
CQI/PMI/RI if scheduled during LTE un-scheduled duration will cause the issue of inter-module co-ordination. However with the help of mask for them eNB can ensure that they do not fall in LTE unscheduled period.

4      Proposals

Based on above discussion we propose:
Proposal#1: RAN2 to discuss and adopt the text proposal #1 provided in annexure.  

Proposal#2: RAN2 to discuss and adopt the text proposal #2 provided in annexure.  
5      Annexure

Interference avoidance for in-device coexistence
This Annex reflects the agreements reached on the solutions to in-device coexistence problems that may not necessarily fit in the core of the specification but which need to be captured in the absence of corresponding details in Stage 3 specifications.
The UE can send an indication to the network to report the in-device coexistence problems. The assumption is that existing LTE measurements and/or UE internal coordination can be used as a baseline to trigger the indication. The baseline assumption is that the indication is triggered based on ongoing interference on the serving or non-serving frequencies, instead of assumptions or predictions of potential interference.

LTE Rel-8/9/10 DRX mechanism is considered as a baseline to provide time division multiplexing (TDM) patterns (i.e. LTE scheduling and unscheduled periods) to resolve the in-device coexistence issues. DRX based TDM solution should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of DRX mechanism.
If it is needed to better support BT slave mode with DRX based solution, the TDM patterns based on assistant information related to time offset between LTE and BT should be supported.

It is FFS whether additional parameter values should be introduced to the DRX based solution.
*******************************Text Proposal #1****************************************************

The DRX configuration of the UE is set with inactivity timer and the re-transmission timer to a value zero so that UE may assume predictable pattern of LTE unscheduled periods when in-device coexistence interference exists between LTE and ISM.
*******************************End Text Proposal #1*************************************************

*******************************Text Proposal #2****************************************************

The UE may delay initiation of SR procedure to the next LTE scheduled period, if the SR needs to be triggered in LTE unscheduled period to avoid in-device coexistence interference. The UE shall expect the  UL grant from eNB during the next LTE scheduled period and UE need not be awake during the LTE unscheduled period.
*******************************End Text Proposal #2*************************************************

UE can autonomously deny LTE transmission to protect ISM rare cases if other solutions cannot be used. Additional restriction and methods to reduce the impact of LTE autonomous denial on the LTE network are FFS. It is also FFS on the definition of “rare cases”.

It is assumed that the UE would deny ISM transmission in order to ensure connectivity with the eNB to perform necessary procedures to resolve in-device coexistence issues.
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