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1 Introduction
In DRX based solution [1], the UE suggests the time pattern to the eNB and the eNB allocates the final time patterns for LTE and non-LTE components by signalling message. The timing pattern consists of On-time interval for LTE component and Off-time interval for non-LTE component. Thus, during On-time interval the LTE component transmits and receives the signal with the eNB whereas non-LTE component transmits and receives the signals with its base station during Off-time interval. In the #74b meeting, there was a discussion on the further enhancement of DRX based solution [2], and RAN2 agreed that flexibility principles from existing DRX (REL-8/9 based) mechanism will apply (i.e. variable scheduling/unscheduled period is possible). In this paper, we introduce the further enhancement possibility of DRX operation which can provide compact and effective solution for LTE and non-LTE component.
2 Discussion
2.1 Extension of On-time interval

In case of data traffic transmission, the instance of On/Off time interval can be quickly varied and allocated due to the data transmission characteristics (e.g. traffic burstiness, network jittering etc.). Thus, even in specific time duration is allocated to the specific traffic for a while, it may not be fully utilized for the traffic if the traffic is highly bursty traffic. If the allocated time resources are not utilized fully and effectively, it may waste valuable resources without transmission/reception of traffic. The current DRX operation [1][3] may not be able to fully support this kind of quick timing interval changing due to traffic burstiness because the On-time intervals (scheduling period) for LTE component and Off-time intervals (unscheduled period) for non-LTE component are coarsely allocated by the eNB even in they are allocated based on information reported by the UE. For example, during the On-time interval for the LTE component, it needs to be allowed that the non-LTE component transmits and receives the data traffic if the LTE component does not occupy the On-time interval instantaneously.

Proposal 1: Discuss and adopt that the DRX based solution can be further extended and enhanced to provide effective scheduling period and unscheduled period. 
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Figure 1. Extension of DRX configuration

The initial On-time interval can be extended by some of events as shown in figure 1 [2]. If bursty data traffics are transmitted at LTE and non-LTE component, coarse On-time interval may not fully utilized by the bursty data traffic. Therefore, even during On-time interval for LTE component, if time spans happen due to traffic burstiness at LTE component, it is better to adjust or reallocate the time resources to non-LTE components temporarily.
2.2 Adjustment of On-time interval  

 It needs also to be allowed that the On-time interval which has been set by the eNB can be temporarily extended or reduced by an amount of traffic requirement of LTE and non-LTE components in order to fully utilize the resources. Reducing or extending of On-time interval for LTE component based on traffic status can provide more flexible time resource allocation to non-LTE components. In addition, if a part of time resources, On-time interval time for LTE component, is temporarily and instantaneously allowed to be used for the non-LTE component, the opportunities for non-LTE traffic transmission and reception could be maximized without any performance degradation of LTE component.  In this paper, we introduce how to hold On-time interval and insert Off-time interval into the On-time interval as a flexibility principles defined in TR36.816 [1]. The initiation of Off-time interval insertion should be achieved only when non-LTE traffic is ready and the LTE behaviors are met as shown in Table 1. And the end of Off-time interval insertion could be achieved based on table 1.  
Table 1. Events for Off-time interval insertion 
	Parameters
	Units
	Off-time interval Insertion (non-LTE traffic ready and no LTE behavior)
	Off-time interval End (No non-LTE traffic ready or LTE behavior)

	Initial insertion Unit 
	PDCCH-subframe or time 
	1) No PDCCH indicates an DL or UL data transmission, 

2) No Waiting UL grant and 

3) No Pending Ack/Nack transmission
	1) PDCCH indicates an DL or UL data transmission, 

2) Waiting UL grant or 

3) Pending Ack/Nack transmission

4) No non-LTE traffic ready

	Extension of insertion unit 
	Multiple times of initial insertion unit 
	For example,
1)  doubling of previous insertion unit time or

2) Indicated by eNB

	ReCoexistence Timer
	PDCCH subframe or time
	Timer for declaring of Off-time interval insertion into On-time interval


In table 1, initial insertion unit is the initial time or number of PDCCH subframe which has been initially allocated to non-LTE component as a minimum guaranteed time interval for non-LTE component. Extension of insertion unit is the extendable unit based on the initial insertion unit (e.g. number of PDCCH subframe or time) for non-LTE component. Extension of insertion unit may be multiple times of initial insertion unit or constant. ReCoexistence timer is the timer to count number of PDCCH subframe or actual time flow to declare Odd-time interval insertion. Whenever Off-time interval insertion condition is triggered, ReCoexistence timer is set. When ReCoexistence timer is expired, Off-time interval is inserted into the On-time interval for non-LTE traffic usage.  
Figure 2 shows example of Off-time interval insertion operation based on the table 1. The eNB allocates the initial On-time interval for LTE component and Off-time interval for non-LTE component within coexistence cycle. During initial On-time interval, if Off-time interval condition is triggered, ReCoexistence timer is enabled. When there is no any event until ReCoexistence timer is expired, initial Off-time interval is inserted into the On-time interval. Based on LTE component behavior, extension of Off-time interval and On-time interval can be appropriately adjusted.
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Figure 2. Adjustment of On-time interval
Proposal 2: Discuss and adopt that the On-time interval (scheduling period) can be (re)adjusted (e.g. extending, reducing and holding) with Off-time interval

3 Conclusion
In this paper, we have introduced one of possible solutions which can enhance the existing DRX operation and showed example that On-time interval can be effectively utilized and adjusted with Off-time interval (e.g. extending, reducing and holding). Through this adjustment of On-time interval, the opportunities for non-LTE traffic transmission and reception could be maximized without any performance degradation of LTE component. We’d like to ask that RAN2 is kindly requested to consider and adopt the following observations and proposals.        
 Proposal 1: Discuss and adopt that the DRX based solution can be further extended and enhanced to provide effective scheduling period and unscheduled period. 

Proposal 2: Discuss and adopt that the On-time interval (scheduling period) can be (re)adjusted (e.g. extending, reducing and holding) with Off-time interval

Proposal 3: Discuss and adopt the attached text proposal.    
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5 Annex – Text Proposal

5.2.1.2.1
DRX based solution

[...]

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 existing mechanisms, e.g. appropriate UL/DL scheduling, SRS transmission configuration, DRX Command MAC control element usage, and etc. It means that flexibility principles (i.e. variable scheduling/unscheduled period is possible) from existing DRX mechanism and further enhancement will apply  and no impact on UE HARQ operation is assumed so far. During inactive time UE is allowed to delay the initiation of dedicated scheduling request and/or RACH procedure. Initially scheduled active time (e.g. On-time interval) can be (re)adjusted (e.g. extending, reducing, holding etc. ) with Off-time interval (inactive time) Figure 5.2.1.2.1-2 illustrates one example of eNB signalled DRX configuration based on UE suggested pattern depicted in Figure 5.2.1.2.1-1:
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