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1 Introduction
In this contribution, we evaluate different TDM solutions discussed in TR [1] to solve in-device coexistence interference problems. We highlight challenges of the solutions and discuss the impact of the solutions to the LTE performance. Our proposal for way forward in this study item is discussed more in [2].
2 Discussion
2.1 Autonomous denial
In TR 36.816, an approach where the UE autonomously denials the uplink transmission, is considered as one solution to solve in-device coexistence (IDC) interference problems. Two scenarios for autonomous denials are given in the TR:

· Critical short term interference problems e.g. when the Bluetooth connection is set up. 

· Denying LTE resources during a stable ISM operation.
There are many reasons why autonomous denials would lead to poor network performance:
1. PUSCH resources allocated to the interfering UE cannot be scheduled to another UE leading to reduced cell throughput
2. PDCCH load increases when the eNB tries to persistently schedule the UE without any data being transmitted.
3. Link adaptation fails. When the UE denies UL transmission, the network assumes either that
· The UE has transmitted on PUSCH but the eNB cannot receive the transmission. This assumption leads to NACK at the HARQ level. As the eNB is not aware of what caused the failed PUSCH transmission, this may trigger the eNB to change its PUSCH link adaptation for this UE which leads to overly pessimistic link adaptation and hence worse throughput on the transmissions that are performed.  

· The UE had not transmitted in the uplink. The eNB may assume that the UE has missed the UL grant and thus changes the link adaptation for PDCCH. Having a very robust link adaptation on PDCCH for the given UE leads to even more severe losses in PDCCH capacity.  
The first two problems mainly exist during the stable ISM operation. However, the third problem is present also for infrequent denials and the impact to the network performance can be significant. Take PDCCH as an example: The typical target for PDCCH misdetection rate is 1%. If the UE skips 1% of the UL transmissions and 1% of the grants are lost due to poor reception, the network assumes that the PDCCH misdetection rate is doubled to 2%. The network may try to compensate this by increasing the number of CCEs used for UL grants or DL assignments of the UE, potentially until the maximum value of CCEs per grant/assignment is reached.  As a consequence, in the end, in the subframes where the given UE is scheduled, fewer UEs can be scheduled leading to performance loss. 

In the TR, it is proposed that the UE could signal the denial pattern to the eNB or the eNB could detect this pattern from missing UL transmissions. However, there are difficulties associated with both approaches: 

· Detection of the denial pattern by the eNB is difficult because absence of the uplink transmission can be associated to many other reasons as well. 
· Defining signaling approaches and patterns for the denial solution increases the standardization efforts, which can be viewed as double work if we have already other FDM/TDM solutions available.

Based on the above, we consider that RAN2 cannot conclude that the autonomous denial is purely an implementation‑specific issue. In general, it is assumed that the UE transmits and receives when it is expected to do so. Especially the UE transmission when granted has been discussed several times in RAN2, e.g. in the context of battery efficiency, and it has been concluded every time that there is a system performance benefit of mandating the UE to transmit every time it is requested to do so by the eNB. The UE tests specified by RAN4 for UL transmissions should be applicable to the co-existence scenario as well even though this scenario is not explicitly indicated. If autonomous denials would be considered as a feasible solution, at the very least, it needs to be specified how often the UE can deny.
Proposal 1 Before accepting autonomous denial as a feasible solution, potential problems in link adaptation need to be studied further
Proposal 2 Autonomous denial is not purely a UE implementation-specific solution
2.2 DRX solution

In the current TR [1], the DRX gaps are proposed as one solution for interference avoidance. In this subsection, this solution is discussed in more detail. 
In the example DRX solution of [1], the time is split into a scheduled and an unscheduled period each having a length of 60 ms. Furthermore, it is proposed to utilize the Rel-8/9 DRX method directly to obtain this kind of activity/inactivity pattern. In the example, the UE is configured with the 128 ms DRX cycle and a very long drx-OnDuration timer of 50 ms. The only change to the specification would be that during inactive time, the UE would be allowed to delay the transmission of Scheduling Request on PUCCH or RACH. Thus the UE would not be scheduled or required to perform any non-scheduled UL transmissions such as SR or RA preamble during the inactive period and this period could be used for ISM operations. 
We note that there are some problems to use Rel-8/9 DRX mechanism. First, with current DRX mechanism, the UE needs to be active for potential uplink and downlink HARQ retransmissions: 

· After the DL transmission, the UE waits for the HARQ RTT timer (8 ms) and after that, if the DL transport block is not decoded correctly, the UE is active over drx-RetransmissionTimer.  The value of drx-RetransmissionTimer is assumed to be 8 ms to enable retransmissions in some special cases, e.g., after the measurement gaps. All together the UE can be active 8+8=16 ms after the DL transmission, even not continuously.
· After the UL transmission, the UE needs to monitor potential UL retransmission grants. These adaptive grants can occur every 8 ms until the maximum number of UL HARQ transmissions is reached. Assuming the maximum number of the UL transmissions is 5, the UE could be active 8*5=32 ms after the initial grant, even not continuously.  One could configure the maximum number of retransmissions to a very low number but then the coverage would be impacted greatly.
Taking the potential UL and DL retransmissions into account, with the current proposal, Active time can only be limited to 50 ms if the UE is scheduled only during the first 18 ms of OnDurationTimer. If the UE is scheduled beyond these 18 ms, the retransmission grants will cause the UE to be active for a longer time. It should be noted that the DRX MAC CE does not help because it impacts only drx-InactivityTimer and OnDurationTimer, not monitoring retransmissions. If the UE can be scheduled for the initial HARQ transmissions only during the first 18 ms of the periodicity of 128 ms, the UE throughput drops to 14% which is not acceptable.
In some cases, it can be that only UE’s UL transmissions are harmful for the ISM reception but the UE can receive in downlink without any problems. Then it would be sufficient to restrict the UE’s uplink transmissions by scheduling.  However, then we should not talk about “DRX solution” because the DRX mechanism is primarily referring to the possibility for the UE to not monitor PDCCH.

Another problem with utilizing the Rel-8/9 DRX mechanism is that typically the traffic is not continuous over time due to on-off nature of the applications generating the packets to be transmitted over the radio link. For example, with VoIP, the voice frames are generated in uplink or downlink every 20 ms. A second example is the TCP slow start phase, where the packets are transmitted in small bursts. Having transmission and reception concentrated to 50 ms of a 128 ms period might not fit the delay requirements of the application. Furthermore, configuring onDurationTimer to e.g. 50 ms can consume significant battery capacity of the UE, and might not be suitable in the general case. Also, the DRX configuration might need to be reconfigured often, as the interference situation changes, causing additional signaling.

Based on the above, we propose: 

Proposal 3 The DRX solution may degrade UE throughput and battery performance 
2.3 HARQ reservation solution 
In the current TR [1], the HARQ reservation is proposed as one solution for interference avoidance. In the solution, some HARQ processes or subframes are reserved for LTE whereas other subframes are reserved for ISM use. 
The HARQ reservation solution is depicted for BT EV3 and TDD Configuration 1 in Figures 1 and 2. The offset for the Bluetooth is selected in such a way that the interference between BT and LTE is minimized. Assuming that only LTE UL transmission is problematic, there are two alternatives how the interference avoidance can potentially be achieved, named HARQ process reservation scheme and subframe reservation scheme. 
In the HARQ process reservation approach, the UL HARQ processes colliding with the BT reception are not used in the LTE side. In LTE TDD, the HARQ RTT is 10 ms in uplink and thus also reservations recur every 10 ms. From Figure 1 we can see that HARQ processes 2 and 4 cannot be used due to collision with BT. These two processes represent 50% of the UL resources. This has a significant impact on LTE performance. From the figure it should also be noted that the HARQ process of every third DL subframe is impacted because the HARQ feedback on PUCCH is transmitted on the UL subframe in which the UE should not transmit anything. To circumvent this problem, the feedback timing would need to be changed. However, this would mean significant changes in the standard and would also complicate the scheduling. 
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Figure 1. HARQ process reservation approach with TDD Configuration 1 and BT EV3
In the subframe reservation approach, the UL subframes colliding with the BT reception are not used in the LTE side. From the Figure 2 we can see that subframe 8 of the second radio frame and subframe 3 of the fourth radio frame collide with BT RX during 40 ms time period.  This is 12.5% of the UL resources. Additionally, with this approach, UL retransmissions cannot always be done 10 ms after initial transmission, as the retransmission may collide with a reserved subframe. .If e.g. the UL transmission performed in subframe 8 of the first radio frame needs a retransmission, that retransmission cannot be made in subframe 8 of the second radio frame. This problem can be solved by HARQ suspension, meaning that a HARQ ACK is sent to the UE and the retransmission is done one HARQ RTT later, but it will incur additional delay. 
As compared to the HARQ process reservation solution, we can see that the impact to the LTE performance of the subframe reservation scheme is smaller. Also the subframe reservation scheme is closer to the solution chosen for a relaying scenario. However, there are still many problems. For example, the maximum number of possible UL retransmissions is decreased due to suspended processes, leading to decreased UL coverage and performance. 

Proposal 4 The subframe reservation scheme has less impact on LTE performance than HARQ process reservation scheme
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Figure 2.  Subframe reservation approach with TDD Configuration 1 and BT EV3
From the previous analysis we can see that the HARQ reservation solution has potentially significant impact on the LTE standard. In addition, if only 50% of the UL resources are available for transmission, the performance of LTE decreases significantly. Both the peak rate and average rate of the UE using the HARQ scheme decreases. The inefficient resource usage may impact the performance of all UEs in the cell.. This is because resources are wasted if none of the UEs having data in the buffer can be scheduled for the given subframe due to scheduling restrictions.  Finally, because only a part of the subframes are available for transmission, the coverage decreases. This can be an issue in TDD networks, where there are significantly less UL subframes than in the FDD system. The above mentioned drawbacks are applicable also for the DRX solution. 
Proposal 5 The HARQ or subframe reservation solution potentially degrades the UE throughput and coverage. Also the UEs not suffering from IDC problems can be impacted.

It should be noted that the assumptions in the analysis were rather optimistic: the BT is able to synchronize its time offset as regard to LTE timing and the LTE PDSCH reception is not impacted by BT. 
Finally, with different versions of BT, optimal HARQ or subframe patterns are different, leading to thus rather significant standardization efforts. If only uniform patterns would be standardized, the impact to LTE performance would be even bigger, because the pattern would not be optimal in all cases.
3 Conclusions and Proposals

In this contribution we have analyzed all the TDM solutions and found that there are many open issues that need to be studied before we can state that TDM solutions are feasible. The standardization impact of the solutions is still unclear and also there is a significant impact on overall LTE performance in terms of data rates, and in some solutions also in terms of UE battery performance. We therefore propose that RAN2 includes the following findings in the conclusions of the TR.

Proposal 6 Before accepting autonomous denial as a feasible solution, potential problems in link adaptation need to be further studied

Proposal 7 Autonomous denial is not purely a UE implementation-specific solution
Proposal 8 The DRX solution may degrade UE throughput and battery performance 

Proposal 9 The subframe reservation scheme has less impact on LTE performance than HARQ process reservation scheme

Proposal 10 The HARQ or subframe reservation solution potentially degrades the UE throughput and coverage. Also the UEs not suffering from IDC problems can be impacted.
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