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Discussion and Decision
1 Introduction 
During the last two meetings, the TDM solutions have been discussed. Some guideline about the timeline requirement has been reached [1] after an email discussion before RAN2#72. And during RAN2#72, the DRX based TDM approach is considered as the most promising direction [2].
In this contribution, we discuss the detail issues of the DRX based TDM approach.
2 Discussion
2.1 What is the scheduling period/unscheduling period, if using DRX based TDM approach?
Some guideline about the timeline requirement has beed discussed based on the latency requirement for the traffic in different usage scenarios and finally been captured in [1]. To describe the timeline, we have scheduling period and unscheduling period which have the following definitions [1]:
Unscheduled period: Period during which the LTE UE is not scheduled to transmit or receive, thereby allowing the ISM radio to operate without interference.

Scheduling period: Period during which the LTE UE may be scheduled to transmit or receive.

In Rel-8, DRX mechanism was introduced for power saving. If DRX is configured in RRC_CONNECTED state, the UE is only allowed to moniter PDCCH during the "active time". While in the "non-active time", the UE stops monitering PDCCH to save battery.
If utilising DRX scheme as the TDM approach, it is quite natural to take the "active time" in DRX cycle as scheduling period, while to take the rest time in the DRX cycle ("non-active time") as the unscheduling period. That is, the UE has no knowledge of the finally decision of the timeline requirement but gets the scheduling period/unscheduling period through the decision of "active time"/"non-active time". The LTE device decides the "active time" and "non-active time" and the ISM device controls to stop transceiving during the LTE "active time" but resume transceiving during the LTE "non-active time". 
In Rel-8, if DRX is configured, the "active time" is of varying lengths based on different eNB scheduling and UE decoding. The "active time" includes the time in Table 1:
	-
onDurationTimer① or drx-InactivityTimer ②or drx-RetransmissionTimer③ or mac-ContentionResolutionTimer ④(as described in subclause 5.1.5) is running; or     
-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or   ⑤
-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or  ⑥                                                       
-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).  ⑦                                    


Table 1
So some further analysis should be done to see if the current "active time"/"non-active time" could well fit the scheduling period/unscheduling period requirement.
Observation 1: If utilising DRX scheme as the TDM approach, it is quite natural that the UE takes the "active time" in DRX cycle as scheduling period, and takes the rest time in the DRX cycle ("non-active time") as the unscheduling period. The ISM device controls to stop transceiving during the LTE "active time" but resume transceiving during the LTE "non-active time". But some further analysis still needs to be analyzed to see if the current "active time"/"non-active time" could well fit the scheduling period/unscheduling period requirement.
2.2 Whether the current "active time"/"non-active time" could well fit the scheduling period/unscheduling period requirement
According to the timeline requirement captured in [1], with some assistant information from UE, the eNB could make the final timeline decision for LTE and ISM which is not informed to the UE.
Figure 1 illustrates the most direct timeline pattern according to the captured timeline requirement in [1].
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Figure 1
DRX-cycle

Before the in-device coexistence interference emerges, the LTE UE may have been configured with DRX (current DRX).
If the current DRX-cycle is much smaller than the pattern period, e.g. there are two periods of on-duration during the unscheduling period as illustrated in Figure 2, it can be deduced that the LTE traffic volumn is quite large. In order to fulfil the latency based timeline requirement, the eNB should force the UE to enter "non-active time" during these two periods of on-duration and finish the data scheduling during the time scale from T1 to T3. The eNB could use DRX command to achieve this, which is illustrated in the third picture in Figure 2. However, it will introduce another two issues:
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Figure 2
1. Two little isolated period of "active time" will be introduced (shown in the ellipse): the quick switch from OFF to ON/ON to OFF of the transceiver (both in LTE and ISM) is of no benefit to the power saving and may result in the data loss of the ISM device.
2. The "active time" will be reduced due to the second DRX command illustrated above: the time scale from T4 to T5 will be considered as "non-active time" by the UE, which will reduce the scheduling period.
Vice versa, if the current DRX-cycle is much longer than the pattern period as illustrated in Figure 3, it can be deduced that the LTE traffic volumn is not so large that the all of the DRX opportunity below could be used as unscheduling period. That is, the loner DRX-cycle is ok for the latency based timeline requirement. But in this way, it can’t be ensured that the "active time" always falls in the scheduling period (as the On-duration2 illustrated in Figure 3).
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Figure 3
Based on the above analysis, to satisfy the timeline requirement, we think that the DRX-cycle should be re-configured/configured to be the n (n>1) times of the pattern period (illustrated in Figure 4 as an example).
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Figure 4
Observation2: The DRX-cycle should be re-configured/configured to be the n (n>1) times of the pattern period.
"Active time" 

"Active time" is of varying lengths and includes the seven kinds of time listed in Table 1. In the following, we analyze whether the the current "active time" could well fit the timeline requirement one by one.
① "on-duration" time: Fixed and to fulfil the timeline requirement, the onDurationTimer should be re-configured/configured equal to or less than the scheduling period.
② drx-InactivityTimer : The eNB could ensure that it expires before the ending of scheduling period, or even if the eNB could not ensure that it expires before the ending of scheduling period, the eNB could force the UE to enter "non-active time", using DRX command.
③⑥ "active time" due to waiting for retransmission: The eNB could force the UE to enter "non-active time", using DRX command.
④⑦ "active time" due to RACH procedure: For the eNB initiated RACH procedure, the eNB could delay initiating the RACH procedure if the eNB foresees that the RACH procedure could not be finished before the ending of scheduling period. For the UE initiated RACH procedure, because of its infrequency, it has little effect on the unscheduling period.
⑤ "active time" due to UL initiated transimission: In Rel-8, the SR could be transmited during the "non-active time" and the minimum time needed for a contension freed UL initiated transmission is 11.5ms[4] (assuming that the eNB responds to the SR with an UL grant enough for sending a BSR which contains buffer status up to (and including) the last event that triggered a BSR, and the eNB assign no more UL grant after that), which means that the unscheduling period will be reduced at least 11.5ms. Even the worse, if there is no valid PUCCH resource for SR or the maximum number of SR is transmited, more uncertain time of unscheduling period will be reduced.
From the above analysis, we can see that all of the seven kinds of "active time", except the "active time" due to UL initiated transimission, could be well controlled by the eNB to satisfy the scheduling period. To ensure the enough scheduling time for the ISM device, the UE should stop initiating SR transmission during the "non-active time".
Observation3: All the current "active time", except the "active time" due to UL initiated transimission, could be well controlled by the eNB to satisfy the timeline requirement. But to ensure the enough scheduling time for the ISM device, the UE should stop initiating SR transmission during the "non-active time".

2.3 non DRX limited behaviours 
From the above two observations, we can see that if with suitable configured DRX-cycle, proper eNB scheduling and the SR transmission prohibited during the "non-active time", the DRX mechanism in Rel8 could be reused to satisfy the timeline requirement. But, there are still some non DRX limited behaviours should be considered.
HARQ feedback 
The HARQ feedback is not restricted by the DRX operation. The ACK/NACK could be sent/received during the "active time". For the ACK/NACK on PUCCH during the "non-active time", the ACK/NACK only takes 1ms and with the error correction of the ISM device, the interference on the data receiving of ISM device is marginal. For the ACK/NACK on PHICH during the "non-active time", the UE could interpret it as an ACK like the ACK/NACK handlong during the measurement gap.
RRM/RLM/CSI measurement 
If DRX is configured in RRC_CONNECTED state, the UE stops monitoring PDCCH during "non-active time". But there is no restriction on the RRM/RLM/CSI measurement. The UE may still perform the RRM/RLM/CSI measurement during the "non-active time". The measurement during the "non-active time" (unscheduling period) will definitely be interfered by the ISM transmission. For the RRM/RLM measurement, the measurement during the unscheduling period may cause unnecessary handover after return back to the "active time", or even the worse cause RLF. For the CSI measurement, the measurement during the unscheduling period will affect the accuracy of the first CSI report when return back to the "active time". So we thnk that it is better to restrict that UE stops measurement during the "non-active time". And if RAN2 decides that the UE should stop measurement during the "non-active time", a LS should be sent to RAN4 to consult the impact on the measurement requirement.
Observation4: It is better to restrict that UE stops measurement during the "non-active time".
2.4 WiFi Beacon handling
In RAN2#71bis, it has been agreed that only the beacon handling on the LTE + WiFi offload scenario should be considered. For the scenario LTE + WiFi router, the timeline alignment is not required. In fact, the Beacon transmission of the AP will definitely interfere with the DL reception of the LTE. So we propose that the beacon handling should also be considered for the LTE + WiFi router scenario.
The typical interval of beacon is 102.4ms, which doesn’t align with any of the current DRX cycle. So it is not easy to align the DRX cycle with the beacon interval. That is, we can’t ensure that the beacon occasion always appears during the "non-active time", using current DRX mechanism. 
With some assistant information from UE, e.g. the beacon interval, the corresponding SFN and subframe in LTE with a certain Beacon TBTT, the eNB could avoid scheduling the UE during the beacon occasion. And the UE should stop any UL transmission during the beacon occasion.
Observation5: With some assistant information (e.g. the beacon interval, the corresponding SFN and subframe in LTE with a certain Beacon TBTT) from UE, the Beacon reception/transmission could be handled by proper eNB scheduling and the UE should avoid transimission during the Beacon occasion.
3 Conclusion 
Based on the above observations, we can see that for the DRX-based TDM approach, the UE needs not to know the finally decision of the timeline requirement but gets the scheduling period/unscheduling period through the decision of "active time"/"non-active time". The LTE device decides the "active time" and "non-active time" and the ISM device controls to stop transceiving during the LTE "active time" but resume transceiving during the LTE "non-active time". The current DRX mechanism can fulfil the in-device coexistence interference timeline requirement well if the eNB ensures the proper DRX-cycle, smart scheduling, and the UE stops initiaing SR transmission/measurement during the "non-active time" when it is informed to start a DRX-based TDM solution. So we propose that:
Proposal1: the UE should stop initiaing SR transmission/measurement during the "non-active time" when it is informed to start a DRX-based TDM solution.
Proposal2: the UE should stop any UL transmission during the Beacon occasion when it is informed to start a DRX-based TDM solution for the LTE-WiFi in-device coexistence interference case.
Proposal3: If the RAN2 decides that the UE should stop measurement during the "non-active time", a LS should be sent to RAN4 to consult the impact on the measurement requirement.
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