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1 Introduction
In TR36.816, DRX based solution has been captured as one TDM solution for IDC interference avoidance, which is applicable for four usage scenarios: LTE+BT earphone (Multimedia service), LTE+WiFi portable router, LTE+WiFi offload and LTE+GNSS Receiver. This contribution tries to discuss how to use the existing DRX mechanisms to provide time sharing between LTE and ISM/GNSS, as well as its possible impact on different radio technologies. Based on the discussion, feasibility of the DRX based TDM solution and possible enhancements are analyzed.
2 How does the existing DRX work
UE should monitor PDCCH during the Active Time if DRX is configured. As described in 36.321, the Active Time includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer is running; or

-
a Scheduling Request sent on PUCCH is pending; or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
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 explicitely signaled preamble.
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Figure 1 An example of DRX mechanism

During the Active Time, the drx-InactivityTimer will be started or restarted when receiving a PDCCH indicating new transmission (DL/UL), and can be stopped through DRX Command MAC CE. If the DL data was not successfully decoded, the drx-RetransmissionTimer will be started after HARQ RTT timer is expired. An example of DRX mechanism is illustrated in Figure 1.
3 Using existing DRX mechanism to provide TDM Pattern
As described in [1], the DRX based solution has been agreed as an applicable TDM solution to solve in-device coexistence interference in several usage scenarios. An example of TDM pattern based on DRX configuration has been given in [1], as shown in Figure 2. 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. However, how does the UE deduce the eNB expected scheduling/unscheduled period from the DRX configuration was not explicitly described. In TR36.816, it was captured that flexibility principles from existing DRX mechanism will apply, i.e. variable scheduling/unscheduled period is possible. It is true that DRX active time could be variable by appropriate UL/DL scheduling, SRS configuration, DRX Command MAC CE usage, SR/RACH transmission, etc. However, whether ISM side could easily follow the variable scheduling/unscheduled period for each DRX cycle needs to be confirmed. Hence, in the following discussion, we assume that both eNB and UE interpret onDurationTimer as expected scheduling period and the rest as unscheduled period, i.e. semi-static configuration of scheduling/unscheduled period. Furthermore, we assume that both the LTE and the ISM side should try to follow the TDM pattern in the best-effort way.
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Figure 2: Example of TDM pattern based on DRX configuration
3.1 Possible interference between LTE and ISM/GNSS
When existing DRX mechanism is used to provide TDM Pattern without any specification change, sometimes the unscheduled period may not be guaranteed and interference may occur between LTE and ISM/GNSS if LTE operates outside of promised scheduling period (e.g. On-duration time). The cases that may result in interference are illustrated in Figure 3:
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Figure 3: The possible interference between LTE and ISM/GNSS
1. DL new transmission, as well as corresponding DL assignment reception

2. UL new transmission, as well as corresponding UL grant reception
3. CQI/PMI/RI and SRS transmission. 
4. DL ACK/NACK feedback

5. UL ACK/NACK feedback
6. UL/DL retransmission
7. SR or RACH procedure
3.2 Possible solutions to ensure the scheduling/unscheduled period
In this part, we discuss how to control the interference outside the promised scheduling period by eNB or UE implementation.
1. Interference caused by DL new transmission after LTE On-duration time:

Interference in this case can be avoided by eNB stopping DL assignment after the LTE On-duration time is expired.

2. Interference caused by UL new transmission after LTE On-duration time
Interference in this case can be avoided by eNB stopping UL grant for subframes outside of LTE On-duration time, which means eNB should not send UL grant during the last several subframes (4 subframes for FDD and 4~7 subframes for TDD) of LTE On-duration time.
3. Interference caused by CQI/PMI/RI and SRS transmission after LTE On-duration time

After DRX onDurationTimer expires, CQI/PMI/RI and SRS transmission may still happen if inactivity timer is running. It can be avoided by setting a short inactivity timer value (e.g. 1ms) or using DRX Command MAC CE.
4. Interference caused by DL ACK/NACK feedback after LTE On-duration time
Even if eNB doesn’t schedule UL transmission out of the LTE On-duration time, LTE can still be disturbed by ISM/GNSS in case of LTE band 40, since the DL ACK/NACK feedbacks may fall outside of the LTE On-duration time. Taking TDD1 as an example, as shown in Figure 4, the UL transmission during the last 6 subframes of LTE On-duration time will lead to UE reception of ACK/NACK feedbacks (marked in red in the figure) during the time for ISM operations, and therefore correct reception of ACK/NACK cannot be guaranteed. One solution is that eNB avoids scheduling UL transmission for which corresponding ACK/NACK feedback will fall outside of the LTE On-duration time. For TDD case the time left unscheduled for UL transmission is 4~7ms. Another solution is ISM autonomous denial of transmission when UE needs to receive ACK/NACK feedback. To reduce the impact on each side (LTE/ISM), combination of these two solutions could be adopted.
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Figure 4: UL HARQ Timing for TDD configuration 1
5. Interference caused by UL ACK/NACK feedback after LTE On-duration time
Similar as the above discussion, even if eNB doesn’t schedule DL transmission outside of LTE On-duration time, LTE can still bring interference to ISM/GNSS due to the UL ACK/NACK feedbacks after LTE On-duration time. One solution is eNB not to schedule DL transmission for which the corresponding ACK/NACK feedback outside of LTE On-duration time. The time left unscheduled for DL transmission is 4ms for FDD case, and 4~13ms for TDD case. In order to reduce impact on LTE side, another solution is that eNB selects to stop only a portion of the DL transmission for this UE during the last several milliseconds of the LTE On-duration time, and the remaining interference is left for ISM side. 
6. Interference caused by UL/DL retransmission after LTE On-duration time

Usually, HARQ retransmission probability is assumed from 10% to 30%. According to possible retransmission probability, several solutions could be foreseen. One possible solution is that eNB reserves one or more RTTs (1 RTT is 8ms for FDD and 8~17ms for TDD) of LTE On-duration time for retransmission, i.e. during the reserved time, no UL/DL new transmission will be scheduled. Another solution is that after on duration time, eNB and UE still continue to retransmit no matter the interference from/to ISM/GNSS. It is up to ISM/GNSS to handle the interference from/to LTE side. To adopt which solution or their combination depends on HARQ retransmission probability, traffic QoS and so on.
7. Interference caused by SR or RACH procedure after LTE On-duration time
Interference in this case can be avoided by allowing UE to delay the initiation of dedicated SR and/or RACH procedure during unscheduled period. 
In the above discussion, some potential cases of interference between LTE and ISM/GNSS due to existing DRX mechanism are listed, and possible implementation-based solutions to reduce the interference between both sides are given. In these solutions, eNB may need to stop scheduling UL/DL new transmissions several subframes before expiration of LTE On-duration time, and/or to reserve another one or more RTTs to accommodate retransmissions. These put some restrictions on eNB implementation, but eNB also has flexibility to control the impact on LTE side based on some factors, e.g. length of on duration, retransmission probability, traffic QoS, etc. The longer the scheduling period is, the less the impact (or restriction) to LTE side. From the guideline of LTE scheduling/unscheduled period configuration described in [1] (listed in table 1) we can see that, in most cases eNB can configure a relatively long LTE On-duration time, e.g. 60ms, and in this case the impact due to scheduling restriction seems acceptable. It should be noted that the implementation solutions discussed above are based on the case that ISM side can only follow a semi-static scheduling/unscheduled period. If ISM side can adapt itself to variable scheduling/unscheduled period, less restrictions and impact on both sides could be expected.

Thus, in most cases, by means of appropriate eNB/UE implementations DRX solution is feasible to provide TDM for coexistence interference avoidance.
Table 1 Guideline of LTE scheduling/unscheduled period configuration
	Scenario case
	LTE Scheduling period(ms)
	LTE unscheduled period(ms)

	LTE + BT (Multimedia service)
	less than [60]
	around [15~60]

	LTE + WiFi portable router
	not more than [20~60]
	FFS

	LTE + WiFi offload
	not more than [40~100]
	not more than [40~100]

	LTE + GNSS Receiver
	FFS
	FFS


Proposal 1 It is proposed to agree the DRX based TDM solution as a feasible solution to resolve the in-device coexistence issues.
In order to reduce the impact on both sides, especially the restrictions put on LTE side, some enhancements to existing DRX mechanism could be considered. Moreover, existing DRX mechanism cannot support short scheduling/unscheduled period very well. For example, in case of LTE FDD band 13/14 disturbing GNSS reception, each bit of GPS is DSSS spread over 20ms and the eNB needs to guarantee some amount of interference free time every bit period. Taking 10ms free time as an example, LTE On-duration time should be set to 10ms within 20ms DRX cycle, and the last 4ms of the LTE On-duration time may not be used for DL transmission due to interference to GPS reception caused by subsequent UL ACK/NACK feedbacks (see Figure 5), even retransmission has not been taken into consideration. Therefore, we propose that: 
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Figure 5: An example of DL scheduling restriction for GPS

Proposal 2 Some enhancements to existing DRX mechanism can be further studied to reduce the impact on LTE and ISM/GNSS sides, and to accommodate relatively short scheduling/unscheduled period.
4 Conclusions and Proposals

This contribution addresses how to using existing DRX solution to resolve coexistence issues and RAN2 is kindly asked to discuss the following proposals:
Proposal 1 It is proposed to agree the DRX based TDM solution as a feasible solution to resolve the in-device coexistence issues.
Proposal 2 Some enhancements to existing DRX mechanism can be further studied to reduce the impact on LTE and ISM/GNSS sides, and to accommodate relatively short scheduling/unscheduled period.
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