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1   Introduction
During RAN2#71bis meeting, TDM solutions for IDC have been discussed. And in the subsequent email discussion, some initial descriptions e.g. scheduling period, unscheduled period and related configuration guidelines were captured in [1].

In this contribution, we analyze which mechanism can be used based on the pattern requirement.
2   Discussion

2.1   The scheduling period and the unscheduled period
The pattern requirement in [1] can be summarised as below:

Table 1: Pattern requirement on usage scenarios

	Usage scenarios
	Scheduling period (ms)
	Unscheduled period (ms)
	Need to align the LTE scheduling pattern with ISM technology 

	LTE + BT earphone (Multimedia service)
	Less than [60]
	Around [15-60]
	No

	LTE + WiFi portable router
	No more than [20-60]
	No more than [20-60]
	No

	LTE + WiFi offload
	No more than [40-100]
	No more than [40-100]
	Yes


We would like to discuss if the current LTE DRX mechanism can be used to satisfy the above requirements in table 1. 
In Rel-8, the eNB may configure DRX operation for the UE, such that the UE only monitors the PDCCH during the "active time". When the UE is not in "active time", the UE may turn off its LTE receiver and its LTE transmitter in order to save battery. So the "LTE sleeping time" (when the UE is not in "active time") can provide natural opportunity for interference-free bluetooth or WiFi operation.

When DRX is configured, the eNB can schedule uplink or downlink transmissions only when the UE monitors the PDCCH, so the scheduling period is the time when the UE monitors the PDCCH, and the unscheduled period is the sleeping time in LTE.
2.2   Using the DRX sleeping time for "unscheduled period"
Based on the existing DRX mechanism, there is a scheduling period at the beginning of each DRX cycle. The unscheduled period is the DRX time, i.e. the time interval starting at the end of the on duration (or when the DRX command is received) in the case when there are no transmissions scheduled, or at expiry of- drx-InactivityTimer or drx-Retransmission timer if there are transmissions scheduled, and ending when the next DRX cycle starts. The eNB can control the scheduling period’s time, the unscheduled period’s time, and the whole DRX cycle according to the requirement in table 1. 
In the figure 1, figure 2 and figure 3, we provide three simple examples to illustrate how the DRX-based TDM solution may work.
The DRX parameters used in the figures are :

DRX Cycle length = 80 ms

On-duration timer = 10 ms

Inactivity timer = 5ms

Fig 1: DRX-Based TDM solution (the scheduling period = on duration) 
In figure 1, the assumption is that there is small amount of data in the LTE part, LTE transmissions can be always finished in the 10ms in each DRX cycle. So the other time in the DRX cycle, i.e. 70ms, can be used as the unscheduled period.

[image: image1]
Fig 2: DRX-Based TDM solution (the scheduling period = the time until the in-activity timer expires) 
Note: 
In the Fig 2, the real active time is larger than the on-duration timer.
In figure 2, we assume the LTE traffic volume is larger in each DRX cycle so that the LTE transmissions cannot be finished in the on duration time. The UE performs the LTE transmissions until the in-activity timer is expired. Assuming the whole UE LTE active time is 40ms in this DRX cycle, it means the scheduling period is 40ms in current DRX cycle, and the residual time in the DRX cycle, i.e. 40ms, can be the unscheduled period time. So the UE begins to enter the unscheduled period when the in-activity timer is expired. 

In figure 2, the actual scheduling period and the unscheduled period are not fixed, they can be flexibly controlled by the eNB/ UE according to the real service requirement.

[image: image2]
Fig 3: DRX-Based TDM solution (the UE enters the unscheduled period by the DRX command) 
In the figure 3, we also assume the LTE traffic volume is relatively larger in each DRX cycle so that the transmissions can not be finished in the on duration time. And in this case, the eNB can force the UE to enter the unscheduled period by sending one DRX command if needed. For example when the real scheduling time has been almost 50ms, the eNB can immediately command the UE to perform the WiFi transmission by sending the DRX command. So in this example, the scheduling period is about 50 ms, and the unscheduled period time is 30 ms.
From above figures:

At every DRX cycle,

-
The eNB decides when to stop scheduling the UE, and may use the DRX command in order to start the unscheduled period without the use of the inactivity timer.

-
The UE LTE part can provide information to the WiFi part, including the unscheduled period start and end times.

Based on the above discussion, we think the current DRX mechanism can be used to provide the suitable scheduling and unscheduled periods.
Observation 1: the DRX mechanism can satisfy the requirement on scheduling and unscheduled periods. 
2.3   WiFi beacon reception
In last RAN2 meeting, the beacon reception issue was raised in [2] and it was captured in [1] that the timeline alignment is required on LTE + WiFi offload scenario, i.e. the LTE unscheduled period should be aligned with the WiFi beacon transmission time. How can the eNB satisfy the timeline alignment requirement by DRX mechanism?

With assistance information from the UE, the eNB could be informed of the beacon transmission times/cycle. Preferably, the eNB should configure and schedule the UE so that the beacon reception occasion falls into the DRX opportunities.
In certain infrequent conditions, the eNB may prefer to schedule LTE transmissions within a DRX cycle later than the beacon reception occasion. In this case, the following options can be considered:

1 The UE can stop LTE UL transmission in beacon reception occasion in order to read WiFi beacon;

2 The eNB does not schedule the UE during the beacon reception occasion even though the UE is in active time.

So the eNB may choose to allow the UE to enter DRX before the beacon reception occasion or, by clever scheduling, provide reception opportunity for the Wifi beacon during the active time. 
Observation 2: A good eNB implementation can allow wifi beacon reception using the Rel-8 DRX mechanism. 
From above analysis, we think the DRX mechanism can be reused to configure the suitable period, therefore we propose that:
Proposal 1: Adopt the Rel-8 DRX mechanism as baseline for TDM solution. The scheduling and unscheduled periods can be realized by suitable DRX parameters configuration and scheduling.
3   Conclusion
In this contribution, we discuss what mechanism can be used based on pattern requirement and propose to:
Proposal 1: Adopt the Rel-8 DRX mechanism as baseline for TDM solution. The scheduling and unscheduled periods can be realized by suitable DRX parameters configuration and scheduling.
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