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1 Introduction
In this contribution, we compare FDM and TDM solutions in terms of complexity and performance. We also evaluate in which scenarios FDM solutions may not be sufficient and discuss whether these cases justify specifying TDM solutions. 
2 Discussion
In [1], different kinds of interference problems in an in-device coexistence scenario are identified. The problems can exist in the following cases: 

1. LTE Band 40 UL TX is causing interference to ISM RX. 
2. The ISM TX is causing interference to LTE Band 40 DL RX.

3. LTE Band 7 UL TX is causing interference to ISM RX.

4. LTE Band 7/13/14 UL TX is causing interference to GNSS RX.

From the analysis in [1], it can be concluded that some solutions to avoid interference between the adjacent bands are needed. The LTE specific solutions identified so far are categorized as FDM or TDM depending on whether the UE is moved to another frequency or transmission/reception gaps are provided to the UE in a time multiplexing manner, respectively. TDM-type solutions include also autonomous denials, where the UE denies UL transmission autonomously. There is also a power controlled solution proposed which cannot be categorized as FDM or TDM. 
2.1 Comparison of FDM and TDM solutions for LTE
The basic idea of FDM solutions is to move the LTE signal suffering from or causing the co-existence problems to another carrier. The decision is taken by the network and it may be assisted by the UE providing information about affected carriers optionally including a quantification of the problem. The content of such indications does not depend on the service currently used by the UE. One may note that the information provided in such messages is similar to that in existing RRM measurement reports and also the corresponding network action is similar: The UE can be handed over to a new LTE frequency using the existing handover procedures defined in Rel-8/9/10. Specification impact could thus be reasonably low by extending the existing RRM measurement mechanism.
In TDM solutions, the UE informs the network about the time slots in which it expects to be affected by the interference from the ISM band or when the LTE transmission is causing interference to the ISM band. Depending on the coexistence scenario, the required time slot can range from a few milliseconds to  hundreds of milliseconds.  The time slot may recur periodically. During the study item phase it has been identified that a single TDM solution cannot solve the problems in all coexistence scenarios. Instead, multiple solutions may need to be standardized depending on the service used by the UE and depending on the use case. In addition, it is likely that even more solutions would be needed when new ISM radio technologies, operation modes or applications arise in the future, as they may have different time characteristics. 
The TDM solutions discussed during the study item require that the UE identifies current radio activities on the LTE side as well as the transmission/reception pattern on the ISM technology. Based on that, the UE can determine a suitable TDM pattern to be requested by the network to apply. It was concluded that gaps could be realized by means of the LTE DRX mechanism in combination with additional functionality in the UE to block client‑initiated traffic and to request DRX patterns from the network. For other applications it was considered more suitable to evacuate HARQ processes or subframes to provide room for ISM transmission or reception. Obviously, all schemes require not only significant standardization work but also implementation efforts both on the UE and the network side. As explained in [2], the TDM solutions including “autonomous denial” still have many open issues with respect to feasibility and technical realization. Solving the open issues will require significant efforts. 
However, we do not only see differences in terms of complexity. With the identified FDM solution, once handed over to a carrier not affected by coexistence interference, the UE can be scheduled continuously (in all subframes) and therefore it can obtain the peak data rate of that carrier.  Also the coverage of the LTE system on that carrier remains untouched because the product of maximum transmission power and maximum transmission time is not affected. There will be no impact to the perceived service quality since the user plane delay is not affected. 

On the other hand, all suggested TDM solutions impact the UE performance and the overall system performance negatively. If for a specific UE only 50% of the resources are available for transmission and reception, the peak data rate of the UE decreases significantly. In TDD there are significantly fewer uplink subframes than in FDD. Reducing the number of uplink subframes available for uplink transmission even further reduces also UL coverage. Furthermore, if there are only a few users in the cell, also the average data rate per UE decreases because the UE cannot be scheduled continuously. Also the cell throughput and capacity decreases because scheduling restrictions limit the possibilities for the optimal frequency selective scheduling and 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. Also UEs that are not suffering from in-device co-existence interference could experience reduced throughput when resources (resource blocks) in certain subframes are primarily assigned to UEs having restrictions in other subframes.
We note that in the frequently mentioned offloading use case where the UE runs voice traffic over LTE and all other traffic over ISM, the LTE performance of e.g. a DRX-based TDM solution might not result in acceptable voice quality. 
2.2 Use cases for TDM solutions
Taking into account the higher complexity and lower performance of TDM solutions, it should be carefully considered in which scenarios TDM solutions actually are the only option, and if these rare use cases justify mandating several different TDM solutions. 

It was agreed during the study item that FDM solutions could be used if the operator has LTE carriers available that are not affected by interference due to in-device coexistence. Such a carrier could be in a different band or even in the same band (e.g. lower/medium part of Band 40) as the affected carrier. If the carrier is in the same band, it may be required to deploy multiple band selective filters in the UE and to switch between them depending on the interference situation. If the carrier is in another band, these separate filters will anyway be present. It is expected that most operators have such alternative LTE carriers available in their networks. Even if an operator does not have such a carrier available, most coexistence problems can be solved by FDM type of solutions on the ISM side: 
· Bluetooth is known to provide frequency hopping schemes that can be used to avoid using frequencies in close proximity to the LTE Band 40.
· WLAN can be configured not to use Channel 1 which is adjacent to Band 40. It has been argued that this is not possible when the UE acts as a client connecting to a WLAN access point operating on Channel 1, but this boils down to the cases when the WLAN hot spot is neither maintained by the LTE operator nor by the owner of the LTE UE. An operator owning only an LTE carrier being subject to ISM in-device interference from an ISM band should ensure that its WLAN hot-spots do not operate on WLAN Channel 1. One could claim that this reduces the WLAN efficiency. However, as shown in section 2.1, the suggested TDM solutions for LTE result in significant loss in efficiency in LTE side as well. Finally, it should be noted that operators or end-users could decide to operate their WLAN in the 5 GHz band instead.
Taking into account that FDM solutions (on the LTE or ISM side) are applicable in almost all scenarios, we wonder whether the remaining cases justify standardizing multiple TDM solutions and whether it is likely that they will motivate implementation of those solutions on the network and terminal side. The remaining cases could be:
1. Bluetooth not supporting adaptive frequency hopping (AFH): Although AFH was introduced in the Bluetooth standard already in 2003, there are still some legacy devices on the market not supporting this feature. However, the share of those devices is expected to continuously decrease which reduces the need for fixing the issue on the LTE side (in a Rel-11 time frame).

2. WLAN access points not under operator- or end-user control operating on Channel 1: As far as data offloading is concerned, we assume that the WLAN will typically be under the control of the LTE operator or that there are at least business relations established to the WLAN operator. 
From this list we tend to conclude that FDM solutions are sufficient for all relevant use cases and that TDM solutions do not need to be considered in an initial work item phase.
2.3 Complements to an LTE FDM solution

We would like to highlight that there are some implementation specific solutions that can provide sufficient support for in-device coexistence problems in the few cases where the FDM solution is not possible. The terminal may restrict provisioning of the packets from the application layer to the radio link layer. Because data does not arrive to the PDCP/RLC/MAC buffers, the UE does not trigger a SR and will not be scheduled in UL. This also limits data transmission in DL because typically UE-triggered action in UL (e.g. HTPP request) leads to data in downlink (e.g. TCP download). Of course, there are exceptions such as paging in DL, but this kind of signaling can be considered to be so important that it has precedence over ISM traffic. Alternatively, the network can apply specific scheduling restrictions when needed. These restrictions can be based on the similar notification from the UE that is used for the FDM solution. For example, the network can help the UE to avoid interference emission to the ISM band by scheduling the UE only with uplink resource blocks that are located far from the ISM band. 

3 Conclusions and Proposals
In this paper we showed that FDM solutions on the LTE and ISM side are simple, mature, efficient and sufficient in almost all scenarios, whereas several open issues have been identified for the TDM. Furthermore, the potential use cases where these TDM solutions would be required are rather limited. This limits the business case and reduces the probability that such solutions, even if standardized, would be implemented by UEs and networks. We therefore propose that RAN2 concentrates on the FDM solutions in the WI phase and continues to evaluate the TDM solutions within the study item to resolve the open issues, if motivated by the use cases for TDM solutions. If later considered needed and technically feasible, TDM solutions could be considered in the work item phase. As related to use case of TDM solutions, it should also be studied how interference mitigation in Bluetooth and WiFi can be exploited and if such interference mitigation could be a sufficient solution to the coexistence problem. 
Proposal 1 Consider FDM solutions as the primary mechanism and focus on FDM solutions in a Rel-11 WI.

Proposal 2 If considered needed and technically feasible, TDM solutions could be considered in a later phase.
Proposal 3 Consider how interference mitigation in Bluetooth and WiFi can be exploited.
4 References
[1] 3GPP TR 36.816 Study on signalling and procedure for interference avoidance for in-device coexistence, R2-112648.
[2] R2-113032, Analysis of TDM solutions for IDC interference avoidance, Ericsson, ST-Ericsson, RAN#74, Barcelona, May 2011.




























3/3


