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1 Introduction
At the last RAN2 meeting DRX based and gap pattern mechanisms were discussed for the TDM IDC solution. It was agreed for the TDM solution that idle and active periods need to be known by the UE in order to properly coordinate transmissions efficiently on an alternate RAT.   

The following agreements were reached in RAN2#76:

· 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.  

This contribution discusses and analyzes the practicality of using DRX as a baseline and mechanisms to ensure idle periods for indevice co-existance.   
2 Discussion
Several IDC TDM methods have been proposed to establish non-scheduled periods known to the UE. Recent discussions in RAN2 have focused on DRX based and gap pattern solutions. There have also been contributions on dynamically allocating periods. In this section we review theses alternatives and suggest a way forward.
2.1 Discussion on the use of DRX as a baseline 

Ensuring predictable patterns of unscheduled periods allows the UE to maximize utilization of these periods for transmission/reception on alternate technology while minimizing complexity coordinating transmissions between LTE and alternate RATs. Without known LTE idle periods the UE will be required to detect idle time and make use of it (i.e. transmit on other RAT) in real time. This operation would result in inefficient utilization and would introduce significant complexity in the UE related to coordinating transmissions between RATs.

The existing DRX procedure does not ensure guaranteed idle periods due to the ability to dynamically extend Active Time with the setting of DRX Inactivity and Retransmission timers resulting from eNB scheduling. This dynamic extension of DRX Active Time requires real time coordination which will result in a delay to make use of LTE idle periods and therefore result in reducing the overall utilization of non-scheduled LTE periods. For cases where LTE idle periods are relatively short the overall efficiency would be significantly reduced.  

Additionally, any variable DRX duration will require internal coordination (i.e. interaction between 2 radios) to determine LTE active/idle periods which would introduce significant complexity in the UE. Interaction between LTE and alternate RAT radios is greatly simplified if it can be coordinated in advance and not in real time. It is therefore preferable that idle periods remain constant so that the UE does not need to coordinate between LTE and alternate RAT in real time.

Lastly, it has been shown in [2] & [3] that DRX procedures cannot provide adequate solutions for all use cases especially for BT & voice.

Observation 1: The use of DRX procedure for TDM solutions does not provide guaranteed idle periods, which results in undesirable complexity and efficiency in the UE.  Additionally, DRX solutions cannot be used for all IDC use cases.
2.2 Modification of Existing DRX Procedures

The simplest TDM solution that ensures known periods for transmission on alternate RATs is to modify (i.e. adjust parameters) of the existing DRX mechanism. The DRX mechanism controls scheduled and non-scheduled periods. So it would make sense to first see how this existing mechanism could be used as an IDC TDM solution before introducing new and potentially duplicate overlapping mechanisms. 
In [4] and [5] disabling Inactivity and Retransmission timers has been proposed. This very simple change would eliminate the dynamic extension of DRX Active Time and ensure a known LTE non-scheduled period, but in our view useful DRX functionality would be lost. The ability to dynamically extend Active Time allows for the configuration of shorter DRX On Durations which results in greater battery and processing efficiency while maintaining proper QoS. Without the ability to dynamically extend Active Time, On Durations will have to configured with longer durations to ensure QoS requirements are achieved which will result in reduced utilization of On Duration periods and therefore also reduced battery and processing efficiency. Our preference is not to reduce the efficiency of the existing DRX mechanism when an IDC TDM solution is used.
We could alternatively leave ensuring idle periods to eNB control. Since the eNB controls scheduling it could ensure Inactivity and Retransmissions are not running during requested idle periods.  This again would restrict the eNB scheduling as it would have to schedule transmissions and retransmission a certain period of time prior to the beginning of a requested idle period in order to ensure that the UE is not in active time due to DRX timers.   Additionally, since it is necessary and beneficial for the UE  to know of guaranteed LTE idle periods to make best use of these periods for transmissions on other RATs, it would be necessary for the eNB confirm UE requested idle periods and ensure that the confirmed idle periods are not overridden by dynamic scheduling extension of DRX Active Time. Unfortunately this alternative also suffers from reducing the efficiency of the DRX mechanism.
Observation 2: Modifications to DRX procedures by disabling DRX Inactivity and Retransmission timer or the eNB ensuring DRX Active Time will not be extended, will resuls in significant reduction of DRX efficiency.
An additional concern with using the DRX cycle and parameters and modifying the procedures is the fact that the existing DRX parameters, frequency and duration do not necessarily satisfy the QoS requirements of the different technologies.  For example, no DRX configuration can accommodate the BT pattern that would be required to properly operate BT and LTE together.   

Observation 3: The use of a modified DRX procedure does not allow for proper BT and LTE operation 
2.3 Guaranteeing idle time by unscheduled idle periods
We may alternatively define an LTE idle unscheduled period known to the UE within DRX cycles. With this alternative it would be possible to maintain the dynamic extension of DRX Active Time with similar performance to existing DRX operation.   During the requested idle periods the UE can stop monitoring the PDCCH and continue operation on the ISM technology even if the retransmission timers are running and the UE is in active time.  
If this approach is chosen it would be preferable if this period is aligned with existing DRX cycles so that DRX On Durations are not eclipsed in order properly maintain QoS requirements. Additionally it would be preferable that it is possible idle periods correspond to periods occurring directly in advance of On Durations in order to allow for the maximum extension of Active Time due to setting of DRX Inactivity and Retransmission timers. 
However, in order to better align with transmission requirements of different technologies, the configuration of LTE unscheduled idle period can be allowed to be flexible enough (e.g. either aligned with DRX or not fully aligned with DRX cycles).
Figure 1 shows an example of how the LTE unscheduled idle periods could co-exist with DRX. 
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Figure 1
Observation 4: Defining a known unscheduled idle period within existing DRX cycles would allow for dynamic extension of DRX Active Time to be maintained and therefore provide similar DRX performance to existing operation.
The concept of the guaranteed LTE unscheduled idle periods is similar in nature with measurement gaps.   If we allowed the idle periods to be defined with enough flexibility (e.g. aligned or not aligned with DRX) then these idle periods can be defined independently of DRX.   The LTE unscheduled idle periods or ICO gaps can be RRC configured and based on UE pattern requests.
LTE unscheduled idle periods are different from the measurement gaps as they are more likely to change and more dynamic in configuration characteristics.  The ICO gaps can change based on UE requests and network implementation choices.      Therefore, LTE unscheduled gaps can follow similar procedures  to measurement gaps, with some greater configuration flexibility on the gap length and frequency.   
During a measurement gap the UE is not expect to monitor the PDCCH, perform HARQ feedback, report SRS, transmit UL-SCH, etc.

Accordingly, as a similar behavior would be desired during LTE idle gaps, these rules can be examined and similarly defined for LTE unscheduled periods. 
Observation 5: LTE unscheduled idle periods can reuse the characteristics of the measurement gap rules and result in relatively small impact on the standard compared with other approaches.

Furthermore, the use of ICO gaps can accommodate a more flexible TDM scheme where multiple technologies, use cases and scenarios can be supported while meeting QoS requirements of all co-existing technologies.  

In order to accommodate different technologies the ICO gaps pattern configuration should be flexible enough.   This can performed by allowing the network to either configure patterns based on cycles and durations or to configure patterns in a form of a bit map.   Since the network is configuring the patterns it may ensure that the pattern obeys the HARQ RTT requirements in LTE as discussed for the HARQ reservation mechanisms.  
The unscheduled idle periods can be requested by the UE and configured by the network via RRC signaling.   Since data to send or received on the alternate technology cannot always be predicted and may vary in time it would be preferable to allow the UE and the network to be able to adjust the idle periods accordingly.   In some cases the activity on the other RAT may be quite bursty and ideally the idle periods would only be configured for a short time duration.  Therefore, we think it may be desirable to allow the UE to request short idle periods instead of patterns that may last indefinitely.  

Regardless, the UE should be able to dynamically request an idle period, a change of an idle period or pattern and the network should be able to dynamically adjust as it is in its best interest to reduce/remove idle periods in order to restore the desired scheduling flexibility.  The requests and configurations can be done by RRC signaling but if needed further more dynamic mechanisms such as MAC CE can be considered. 

According to the observation and discussions presented in this paper it has been shown that simple modifications to DRX parameters will reduce overall DRX efficiency.  It has been shown that LTE idle periods can be guaranteed by the introduction of a LTE unscheduled gap period that follows similar rules to the measurement gaps procedures.  The flexibility of the unscheduled gap will provide the UE and the network with a solution that fits the QoS requirements of multiple co-existing technologies.   

Proposal 1:  Agree to introduce the concept of LTE unscheduled gaps which are similar in nature with the LTE measurement gaps.   
Proposal 2:  The configuration of the unscheduled gap should be flexible enough to allow for a DRX aligned pattern or a bitmap like pattern. 

3 Conclusion
In this contribution methods to ensure predictable idle periods have been reviewed and the following conclusions have been reached:
Observation 1: The use of DRX procedure for TDM solutions does not provide guaranteed idle periods, which results in undesirable complexity and efficiency in the UE.  Additionally, DRX solutions cannot be used for all IDC use cases.
Observation 2: Modifications to DRX procedures by disabling DRX Inactivity and Retransmission timer or the eNB ensuring DRX Active Time will not be extended, will resuls in significant reduction of DRX efficiency.

Observation 3: The use of a modified DRX procedure does not allow for proper BT and LTE operation 

Observation 4: Defining a known unscheduled idle period within existing DRX cycles would allow for dynamic extension of DRX Active Time to be maintained and therefore provide similar DRX performance to existing operation.
Observation 5: LTE unscheduled idle periods can reuse the characteristics of the measurement gap rules and result in relatively small impact on the standard compared with other approaches.

Proposal 1:  Agree to introduce the concept of LTE unscheduled gaps which are similar in nature with the LTE measurement gaps.   
Proposal 2:  The configuration of the unscheduled gap should be flexible enough to allow for a DRX aligned pattern or a bitmap like pattern. 
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