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1	Introduction
A new approach, reusing the measurements gap framework to avoid in-decive coexistence (IDC) interference, was proposed [2, 3] in the RAN WG2 meeting in Dresden in February. The justification for the new scheme was that the DRX based solution requires many changes to the existing DRX system to make it work even moderately well and still it would not solve all IDC problems [1, 4].

In this analysis we have a closer look at the new approach and compare it against the DRX solution, the baseline and the working assumption at the moment.
2	The IDC gaps
2.1	Earlier proposals
The general principles of IDC gaps have been described in [2]. There is also a text proposal which demonstrates that it is very easy to make the necessary changes to the specifications so that the procedures for the measurement gaps are reused as such for IDC gaps.
The similarity of operation between the measurement and IDC gaps has also been pointed out in [3]. Furthermore, sufficient flexibility is desirable to meet the vast variety of needs. Dynamic IDC gap configuration and bitmaps are mentioned as possible tools to achieve the required flexibility.
2.2	UL/DL symmetry
As pointed out above, the measurement gap procedures may be reused for IDC gaps without modifications. However, the IDC gaps need not be symmetrical in UL/DL dimension. For instance, it is not necessary to suppress both LTE reception and transmission to protect an ISM reception, but omitting the transmission is enough. Therefore, the IDC gaps can be made significantly more efficient in terms of system performance if we define the gaps separately for UL and DL.
The procedures for the measurement gaps have been formulated so that having different gaps in UL and DL does not affect the procedures defined in the existing specifications [5, 6]. The RRC signaling will naturally get slightly more extensive, because the configuration messages must contain UL and DL parametrers separately, but only in the sense of repeating some parameters.
Proposal 1: It should be possible to use different IDC gap configurations in the UL and DL for efficiency.
2.3	Discussion on the Bluetooth use case
The most challenging use case in the IDC interference is the Bluetooth (BT) handsfree audio with simultaneous, heavy LTE traffic, so we will use it as an example. Figure 1 illustrates how the BT receptions make some of the LTE subframes unusable. The UE is assumed to be the BT Slave and it has an arbitrary timing which cannot be adjusted. The BT receptions must thus be protected by arranging IDC gaps to the subframes that even partially coincide with the BT receptions. In the same way, some of the LTE subframes are not usable, because the BT transmisssions cause too much interference. The example has been formulated to describe the FDD operation, because it demonstrates the properties of the IDC gap method better, but the figure is applicable to TDD as well just by not allowing simultaneous reception and transmission in LTE.
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Figure 1. The usable and unusable LTE subframes for configuring the IDC gaps
If the overlap of the BT slots and LTE subframes is just a small fraction of the subframe duration, the subframe might be still usable in spite of some interference. The exact amount of tolerable overlap is also dependent on the power levels used. However, it is up to the UE to determine whether these frames are usable or not, so there is no need to standardize how much the BT slots and LTE subframes may overlap. It means that it is necessary that the UE reports the set of the unusable subframes to the network in the IDC problem report. The network may have reason to give a slightly different configuration or even decide to use a different IDC avoidance method.
Proposal 2: The UE reports the unusable subframes to the network, using a bitmap and the starting SFN, for instance. The network gives the final IDC gap configuration with the same parameters.
2.4	Configuration and signaling options
The Bluetooth slot length is not well compatible with the LTE radio frame length and it is not as easy to define the IDC gap configurations as it was for the measurement gaps. Fractional gap periods and lengths would be possible, in principle, and they could be translated to complete LTE subframes by the UE. For instance, the case described by Figure 1 could lead to a possible configuration where we could define the starting system frame number (SFN), the starting subframe number = 4, the gap period = 3.75 ms, the first gap offset = 0.35 ms, and the gap length = 0.4 ms. By agreeing that the whole subframe belongs to a IDC gap if a part of such a fractionally defined gap overlaps with it, the scheme would definitely work, but it is not very convenient from the signaling point of view.
It is simpler to use a bitmap to signal BT patterns that lead to an irregular LTE subframe pattern. The shortest possible period that is common to both LTE and BT is 15 ms, so it is natural to use a 15-bit bitmap to define which subframes belong to the IDC gaps. The bitmaps may be defined for DL and UL separately, a single bitmap for both is a simple choice if there is very little LTE traffic and it is not necessary to maximize the LTE data rate. The bitmaps for the example in Figure 1 would be
		DL			0100010001 00110
		UL			1000100010 01100
		DL+UL	1100110011 01110
It is also possible to use a 30-bit bitmap if it is considered clearer (because 30 ms is a multiple of LTE radio frame length). The first 15 bits just need to be copied to the next 15 bits.
The length of the bitmap could also easily be made variable. It would be an easy way to add flexibility to the scheme to be able to support many kinds of ISM services, some of which may not exist yet.
It is clear that the bitmap is not always necessary. The frame length of the ISM service may be sufficiently compatible with the LTE radio frame length, so just signaling the period, the length, and the starting subframe number of the gaps would be sufficient.
Just the starting SFN needs to be signaled in addition to the bitmap(s). As the pattern repeats every 15 ms, there are many alternatives that signal the same information. In principle, any SFN can be used if just the bitmap is rotated into the right phase. In any case, the start of the bitmap should preferably always be aligned so that the first bit is associated with the subframe zero. By this convention only the starting SFN needs to be signaled and the subframe number is needed in the report and configuration messages.
Proposal 3: The IDC gap configuration may be expressed either as a bitmap and the starting SFN or as the gap period, gap length, starting SFN, and subframe number. Other signaling alternatives should also be studied.
3	Evaluation of the IDC gaps
3.1	Problems with DRX based method
Although the DRX based method is the working assumption and the baseline TDM solution for the IDC problems, quite a long list of problems with it have been presented in several Tdocs. The most severe problems with the DRX based solution are listed here for convenience:
1. The DRX was originally designed to work in a relatively leisurely way, so it is hard to configure it so that it can properly handle the BT audio, which requires fast alternation of active and idle periods. In fact, this is not possible in all cases without modifications to the DRX scheme.
2. If DRX is used for solving the IDC problems, the future development of the DRX is tied to the future development of the IDC handling and vice versa. These kinds of unnecessary dependencies should be avoided whenever possible.
3. The technical limits of the DRX based solution are already being pushed, so there are very limited possibilities to make any enhancements in the future without dramatic changes. There is not any flexibility left either for the same reason.
4. Making the necessary changes to DRX will also affect the normal operation of the DRX in a harmful way [3].
5. Strictly speaking, DRX cannot guarantee the exact start time of a period of inactivity, because the end of the DRX active period may be delayed in some cases [3, 4].
6. The necessary changes in the spec are not limited to DRX procedures, but limitations related to CQI, SRS, SR, HARQ feedback and to the random access procedure are also required [1].
3.2	Comparison of IDC gaps and DRX based solution
The main properties of the IDC gaps and the DRX based solution are compared in Table 1.
Table 1. The comparison of the IDC gaps and the DRX based solution
	Property
	IDC gaps
	DRX based solution

	Complexity of specification changes
	1. A new message for passing the IDC gap parameters
2. The same contents in the IDC problem report
3. Adding “and/or IDC gap” in measurement gap procedures in [5] and [6]
	1. New DRX parameter values
2. A separate message format for IDC problem report
3. Limitations to CQI, SRS, SR, HARQ, and RA procedures

	Complexity of implementation
	Formally the same solution for FDD and all TDD configurations
	A different configuration for FDD and all TDD configurations

	Gap reliability
	Can guarantee clean gaps without unexpected irregularities
	The start of the unscheduled period may be postponed

	Dependencies
	A separate entity which can be designed separately without limitations
	The design is limited by the existing properties of the DRX system

	Side effects
	No other side effects than what the desired gaps cause. Most notably, DRX can be used normally for its original purpose.
	The special DRX configuration for IDC prevents its use for the purpose it was designed for. Some harmful effects to the DRX operation are induced.

	Efficiency and performance
	It is possible to use all the LTE subframes that are theoretically usable.
	Some LTE subframes are not used because of the limitations of the DRX solution.

	Flexibility
	There are no limits to how flexible it can be made, so it is up to the requirements.
	The existing DRX sets limits to its flexibility.

	Future development
	Can be enhanced and extended later without problems.
	There may be no easy and practical ways to enhance and extend the solution.



The comparison shows that the IDC gaps have better properties and have much less problems than the DRX based method. The needed changes in the specification are comparable and there is no clear difference between these two alternatives. It should thus be considered that the IDC gaps be used as the primary solution instead of the DRX based solution to be able to prevent problems in some use cases.
It is not necessary to remove the use of the DRX for IDC interference avoidance as long as it is used in a way that does not require modifying the existing DRX procedures and does not hinder its development in the future. Consequently, the use of the DRX for IDC interference avoidance should be left to the network implementation.
It is very important that the set of IDC interference avoidance solutions is sufficiently flexible and extensible. The list of use cases in the IDC technical report [7] is not complete and meeting the requirements of the listed use cases does not guarantee that they solve the problems in all applications. In particular, there is no way of knowing the future applications and their requirements. The IDC gap method provides an independent framework which can be made very flexible immediately and easily developed further in the future.
Proposal 4: The IDC gap method should be introduced as an alternative TDM solution and the network could use it when the DRX based solution is not sufficient for avoiding IDC problems.
Proposal 5: The DRX should only be optimized for its original purpose and not for IDC interference avoidance and the enhancements to TDM solution should be made in the IDC gap method. 
4	Conclusion
According to the discussion above we make the following proposals:
Proposal 1: It should be possible to use different IDC gap configurations in the UL and DL for efficiency.
Proposal 2: The UE reports the unusable subframes to the network, using a bitmap and the starting SFN, for instance. The network gives the final IDC gap configuration with the same parameters.
Proposal 3: The IDC gap configuration may be expressed either as a bitmap and the starting SFN or as the gap period, gap length, starting SFN, and subframe number. Other signaling alternatives should also be studied.
Proposal 4: The IDC gap method should be introduced as an alternative TDM solution and the network could use it when the DRX based solution is not sufficient for avoiding IDC problems.
Proposal 5: The DRX should only be optimized for its original purpose and not for IDC interference avoidance and the enhancements to TDM solution should be made in the IDC gap method.
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