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1 Introduction
SCO, eSCO, A2DP and ACL protocols in BT, and beacon, power saving and DCF protocols in WiFi are assumed to be supported by the in-device coexistence analysis for TDM solutions.  The UE can signal the necessary information (e.g. interference type, mode and possible appropriate offset etc.) and also suggest the required time pattern to the eNB. Based on the information reported from the UE, the final TDM patterns are configured by the eNB [1]. And also there were time pattern analysis and co-operation with WiFi for DRX based solution [2][3]. A DRX based solution would be one of the solutions to provide the scheduled and unscheduled time for LTE and non-LTE components (e.g. ISM and GNSS). In addition, the timing patterns for the LTE and non-LTE components are strictly stuck with the behaviour of applications such as traffic pattern and burstiness etc. therefore, it should be flexibly allocated and activated with the traffic requirements to provide the higher quality service for LTE and non-LTE components. In this paper, we introduce the variable DRX based solution to provide effective control of the scheduled period for the UE for H-ARQ and any other DL/UL signaling operation.
2 Discussion
SCO and eSCO of BT radio component have very strictly synchronized transmission pattern to mainly transmit VoIP service so that the unscheduled period for the ISM component could be allocated with the fixed and periodic interval based on the traffic pattern and characteristics running on the component. However, the ACL protocol provides asynchronous transmission whenever the BT component has data to be transmitted, therefore, it is very hard to expect the actual transmission instance and an amount of time spending for the transmission. Thus it is hard to allocate the unscheduled time for the BT component strictly. The WiFi component has also similar situation and traffic patterns as the ACL protocol in BT component. With considering of the signalling transmission and receptions such as a beacon signal reception, an initial connection setup signal, UL/DL scheduling and SRS transmission configuration, a scheduled and unscheduled periods for the LTE and non-LTE components, respectively, should be allocated. 
Observation 1: A scheduled and unscheduled periods should be allocated based on the traffic pattern as well as important signalling transmission and reception.   
It is up to the eNB to decide and signal the final DRX configuration to the UE based on TDM pattern suggested by the UE and other possible criteria. And the eNB should try to guarantee the unscheduled period by appropriate UL/DL scheduling, SRS transmission configuration and DRX Command MAC control element usage. The UE could also be allowed to delay the initiation of dedicated scheduling request and/or RACH procedure for unscheduled period.  Beside of signalling consideration, the H-ARQ operation should be carefully treated for both of the scheduled and unscheduled period in terms of the UE. Particularly,  Ack/Nack transmission and retransmission should be carefully handled and supported without uncertain time delay affected by the unscheduled period allocated to the non-LTE components.

The basic purpose of TDM solution for the in-device coexistence operation is to provide available time resources to the LTE and non-LTE components without any interference each other. The UE could be considered as a primary component on the in-device platform and UE may be configured by eNB to maximize the resource with the minimum impact to the non-LTE components. 
Proposal 1: Discuss and adopt that the scheduled period for the LTE component and unscheduled period for non-LTE component can be varied based on the signalling and data transmission requirements.    
Followings are required parameters for the DRX based scheduled/unscheduled period operation. 

· Start time offset : Beginning time of coexistence cycle

· Coexistence cycle (DRX cycle or Pattern periodicity) : Periodic repetition of initial on-duration for the LTE component followed by a period of off-duration for non-LTE component

· On-duration (scheduled period) : activating time duration for the LTE component. 

· Fixed DRX based solution : a fixed duration allocated by eNB 

· Variable DRX based solution : an extendable duration by some events

Coexistence Cycle specifies the periodic repetition of On-duration (scheduled period for the LTE component) followed by a period of Off-duration (unscheduled period for non-LTE component). Initial On-duration can be extended according to H-ARQ and other required signaling operations for DL and UL of the UE. Figure 1 shows the example of variable DRX based configuration with the parameters above. 
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Figure 1. Example of Variable DRX configuration

The UE can extend the initial LTE on-duration whenever it has events (e.g. H-ARQ, DL and UL signaling etc.) within coexistence cycle. Therefore, variable DRX based operation for TDM solution could maximize resource allocations for the UE without undesirable delay due to restriction of On-duration previously allocated, but it should be required and investigated that the off-duration for non-LTE components is guaranteed and how to provide the minimum resources for non-LTE components. One of example is that the threshold or counter could be used for the limitation of the extension of On-duration for the LTE component. 

Proposal 2: Discuss and adopt that the parameters and basic operation of the on-duration extension for the LTE component could effectively control and allocate the resources for the UE    
The extension of the LTE on-duration may start or stop on at least one of the triggering events in the Table 1.  To adjust the extension time with the events, it may need a counter (e.g. coexistence timer) to count the time or a number of consecutive subframes (e.g. PDCCH subframes). If Coexistence Timer is greater than the remaining On-duration, the actual On-duration is extended until Coexistence Timer expires. Otherwise the current On-duration is kept. This time extension can be repeated whenever event is triggered. However, for the minimum resource allocation to the non-LTE components, it requires that an amount of extension should be restricted. Coexistence timer value could be configured by the eNB according to the appropriate attributes of the events given in the Table 1. As indicated in the Table 1. Once there is no action, no data indication or no pending Ack/Nack transmission, the extension of the on-duration is terminated and the off-duration for the non-LTE components is activated until the coexistence cycle expires. After completing a coexistence cycle, the new coexistence cycle may start with On-duration initially allocated by eNB. 
Table 1. Extension events for variable On-interval operation
	Start
	End

	1. PDCCH indicates an DL or UL data transmission
2. Waiting UL grant

3. Pending Ack/Mack transmission

4. RACH procedures is pending

5. A scheduling request sent on the PUCCH is pending
	1. No Data indication 
2. No pending Ack/Nack 


Proposal 3: Discuss and adopt that the events in the Table 1 can be used for the extension and termination of On-duration for the UE.     
Through the observation and proposals, we identified that the variable DRX based solution could effectively control and allocate the resources for the LTE component with additional H-ARQ, DL and UL signalling operation. And it shows that the current description of DRX operation in TR [1] needs to be updated with these proposals and observation. For further update and study, the current TR needs to be kindly updated with following proposal 4.

  Proposal 4: Discuss and adopt the attached text proposal.    
3 Conclusion
In this paper, we introduced and identified the variable DRX based solution and its related parameters and operation scenarios. The variable DRX based solution could work for H-ARQ operation and DL/UL signalling of the UE. And also, it could provide the minimum resource allocation for the non-LTE components. Based on the observation and proposals, RAN2 is kindly requested to consider and adopt the following observations and proposals.        
Observation 1: A scheduled and unscheduled periods should be allocated based on the traffic pattern as well as important signalling transmission and reception.   
Proposal 1: Discuss and adopt that the scheduled period for the LTE component and unscheduled period for non-LTE component can be varied based on the signalling and data transmission requirements.    
Proposal 2: Discuss and adopt that the parameters and basic operation of the on-duration extension for the LTE component could effectively control and allocate the resources for the UE    
Proposal 3: Discuss and adopt that the events in the Table 1 can be used for the extension and termination of On-duration for the UE.     
Proposal 4: Discuss and adopt the attached text proposal.    
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5 Annex – Text Proposal

5.2.1.2
TDM solutions
SCO, eSCO, A2DP and ACL protocols are assumed to be supported by in-device BT radio when analyzing the TDM solutions for LTE-BT coexistence. Beacon, power saving and DCF protocols are assumed to be supported by in-device WiFi radio when analyzing the TDM solutions for LTE-WiFi coexistence.

For TDM solutions, the UE can signal the necessary information, e.g. interferer type, mode, and possibly the appropriate offset in subframes to the eNB. The UE can also signal a suggested pattern to the eNB. Based on such information, the final TDM patterns (i.e. scheduling and unscheduled periods) are configured by the eNB.
5.2.1.2.1
DRX based solution

The UE provides the eNB with a desired TDM pattern. For example, the parameters related to the TDM pattern can consist of:



· Start time offset : Beginning time of coexistence cycle

· Coexistence cycle (DRX cycle or Pattern periodicity) : Periodic repetition of initial on-duration for the LTE component followed by a period of off-duration for non-LTE component

· On-duration (scheduled period) : activating time duration for the LTE component. 

· Fixed DRX based solution : a fixed duration allocated by eNB 
· Variable DRX based solution : an extendable duration by some events
One example of the desired TDM pattern is depicted in Figure 5.2.1.2.1-1
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Figure 5.2.1.2.1-1: Example of UE suggested TDM pattern
It is up to the eNB to decide and signal the final DRX configuration to the UE based on UE suggested TDM pattern and other possible criteria e.g. traffic type. The scheduling period corresponds to the active time of DRX operation defined in section 5.7 [14], while unscheduled period corresponds to the inactive time. The eNB should try to guarantee the unscheduled period by appropriate UL/DL scheduling, SRS transmission configuration, DRX Command MAC control element usage, and etc. During inactive time UE is allowed to delay the initiation of DL/UL signalling and data transmission and H-ARQ Ack/Nack transmission. . Figure 5.2.1.2.1-2 illustrates one example of eNB signalled fixed DRX configuration based on UE suggested pattern depicted in Figure 5.2.1.2.1-1: In the fixed DRX configuration, On-duration for the LTE component and Off-duration for the non-LTE component are alternatively repeated. 
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Figure 5.2.1.2.1-2: Example of Fixed DRX configured by eNB to enable TDM
Figure 5.2.1.2.1-3 illustrates an example of eNB signalled Variable DRX configuration based on UE suggested pattern depicted  in Figure 5.2.1.2.1-1. In the variable DRX configuration, On-duration for the LTE component and Off-duration for the non-LTE components are alternatively repeated, but initial On-duration for the LTE component can be extended according to some of events as listed in table 5.2.1.2.1-1. 
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Figure 5.2.1.2.1-3: Example of Variable DRX configured by eNB to enable TDM
For example, if Ack/Nack transmission is pending and the initial On-duration for the LTE component is not enough for transmitting it, On-duration can be extended to allow sending Ack/Nack. And once there is no data indication or pending Ack/Nack, the On-duration for LTE component is terminated and the Off-duration for non-LTE component is activated until the coexistence cycle expires. 
Table 5.2.1.2.1-1 Extension events for variable On-interval operation
	Start
	End

	6. PDCCH indicates an DL or UL data transmission

7. Waiting UL grant

8. Pending Ack/Mack transmission

9. RACH procedures is pending

10. A scheduling request sent on the PUCCH is pending
	3. No Data indication
4. No pending Ack/Nack


It is FFS whether special mechanisms for beacon handling during scheduling period (active time) would be required. It is FFS whether special handling for RRM/RLM/CSI measurement during unscheduled period (inactive time) would be required.

Editor’s note: The feasibility and usefulness of this solution need further study.
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