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1 Introduction
Last meeting during the ICO discussion, power control was mentioned by [2] and discussed shortly. The conclusion was this family of solutions probably deserves more study.
Based on our understanding, power control is part of the existing RRM mechanisms and therefore deserved to be further investigated under this ICO SI. This paper introduced power control solution and presented our view. 
2 Discussion
The problem of in-device coexistence interference is the transmitting modem causes interference to the collocated receiving modem, e.g. Modem B is Tx and causes interference to Rx Modem A in Fig. 1.
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Figure 1: Illustration of in-device coexistence

When the transmitting modem is LTE/LTE-A, one straight forward way to reduce interference is to reduce its transmission power, in other words, through existing LTE/LTE-A power control mechanisms. However, so far, this family of solution has not been included in the TR.
According to the SI description [3], the first objective is to evaluate whether existing RRM mechanisms could be utilized to effectively solve the coexistence problems. Only if legacy signaling and procedure are not sufficient to ensure required performance in the interested coexistence scenario, study enhanced mechanisms to better avoid interference and mitigate the impact caused by ISM radio. Currently, two family of solution, i.e. FDM and TDM, are identified and included in the TR [4]. We think without power control solution, the evaluation of existing RRM mechanism or searching for valid solution is not completed.
Power control solution
In general, power control is a well established functionality in LTE/LTE-A, reusing existing mechanism with modifications to mitigate in-device coexistence interference is a low overhead option. There is also possibility to find backward compatible solution for Rel-8/9 UE, which we believe will also need a solution for in-device coexistence scenarios.
Power control solution only mitigates the interference to other collocated modems. For example, power control solution for LTE/LTE-A can mitigate the interference to WiFi, BT or GNSS. This kind of solution is essential to protect receiver only modem, e.g. GNSS. Furthermore, to protect LTE/LTE-A, corresponding solutions are also needed for collocated modems with transceiver. But it is not in the scope of this paper.
Sometimes, power control may not solve the problem on its own and need other complementary solutions. For example, UE is on the cell edge and decrease transmission power would cause disconnection, or the ICO interference is too severe for PC to resolve. However, if the UE is not on cell edge and has room to decrease transmission power, power control is a good option.
Current identified solutions, e.g. TDM and FDM, have higher impact on throughput, or require more resource, and more control overhead. Because of the low overhead and required less extra network complexity, power control solution serves a good earlier-on solution. Therefore, heavy solutions are deployed only when power control cannot solve the interference problem.
For explicit PC alternatives described in next section, the report may also serve as a trigger for further ICO solutions, which help network know when to initiate the evaluation on whether to move UE or to apply TDM.
We think there are following three scenarios to apply power control (PC):
· ISM PC to decrease interference to LTE

· LTE PC to decrease interference to ISM

· LTE PC to decrease interference to GNSS
Existing LTE/LTE-A power control mechanisms

From [1], the transmission power for PUSCH is calculated by following equation.
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Eq. 1
In LTE/LTE-A, power control (PC) is done through two ways:

· Open loop PC

UE monitors and compensates pathloss (PL).

UE decides its maximum transmission power in specified range (Pcmax).

· Closed loop PC

Based on channel condition and UE power, eNB adjusts transmission power through:

· PDCCH (UL grant or TPC command)

· eNB can also change transmission power related parameters through RRC signaling

Except Pcmax and PL, other parameters of Eq.1 are assigned by either PDCCH or RRC signaling.
In LTE/LTE-A, UE also reports following information to assist eNB on power adjustment:
· Power headroom reporting (PHR)

· Maximum UE transmission power (Pcmax)

· CQI
A PC solution is to manipulate UE reports or power control parameters to achieve the goal of decreasing the transmission power, and therefore, less interference for collocated receiving modems.
Possible solutions
In general, our view is there are at least three groups of potential PC alternatives. We provide definition and preliminary analysis in following paragraphs.
First group of solutions (Group A) is UE implicitly adjusts the power control parameters to decrease its transmission power. Solutions fall in this group are pure UE centric implementation, eNB is completely unaware the existence of such solution. 
Second group of solutions (Group B) is UE still adjust the power control parameters locally and report the change in existing mechanism. Although eNB does not know the reason, it gets the idea that UE requires less power through the reporting. eNB then changes the transmission power through PDCCH (by adjusting number of RBs, MCS, TPC command) or RRC signaling (other transmission power related parameters in Eq.1).
Third group of solutions (Group C) is UE explicit reports the need for reduced power to eNB. Once eNB gets the information, it then changes the transmission power through PDCCH (by adjusting number of RBs, MCS, TPC command) or RRC signaling (other transmission power related parameters in Eq.1) to meet the need of UE.

Table 1 compares these three group of alternatives in a more perspective way.
	
	Group A
Implicit solutions
	Group B
Explicit but indirect solutions
	Group C
Explicit and direct solutions

	Description and example
	UE adjusts the power control parameter locally without informing eNB. eNB has no clue on the existence or application of these solutions.
In general, these solutions are quick fix for desperate measure, i.e. no standard solution is available. 

Example:

When experience ICO interference, UE locally change the PL or its compensation parameter to decrease transmission power.
	UE adjusts power parameters locally and informs eNB through existing reporting. eNB then adjust transmission power accordingly.
Example 1:

When experiencing ICO interference, UE changes its Pcmax to a lower value and reports the change through PHR. Once eNB receives the PHR, it decreases the transmission power.
Example 2:
When experiencing ICO interference, UE may report an inferior CQI value. Once eNB receives the CQI report, it assigns a MCS level which requires less transmission power.
	UE explicitly informs eNB through new signaling. eNB decreases the transmission power and understands the reason behind it. 

Example:

When experiencing ICO interference, UE switches to a different power class. If UE power class is treated as part of UE capability, network has to support on-the-fly UE capability change since ICO interference could be quite dynamic.


	Pros
	Implementation oriented solution with no standard impact.
No eNB complexity.
	Inline with LTE/LTE-A principle.

Reuse existing report mechanism. 
Backward compatible.
	eNB and network is aware of the in-device coexistence.

	Cons
	Not inline with LTE/LTE-A principle.

eNB may increase the power and offset the effect.
	May need standard modification.
	New signaling and network complexity.


Table 1: Comparison of PC alternatives
3 Conclusion
This paper has introduced and discussed the power control solution for ICO to complete the SI. For LTE, three groups of potential PC solution are presented for further discussion. To have a complete evaluation, it is proposed that RAN2 includes the power control solution in the TR. A draft text proposal is included in section 5.
Proposal 1:

To discuss if RAN2 should adopt PC as an alternative for solving ICO interference and review the corresponding TP. 
Proposal 1.1:
To widen the scope of the SI to include PC.
Proposal 1.2:
To inform RAN4 that RAN2 are considering adopting PC as part of the SI.
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5.1.2.x
LTE Power Control (LTE PC) 
The basic concept of this solution is illustrated on Figure 5.1.2.x-1. LTE transmission power is reduced to mitigate the interference to coexisted receiver. 
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Figure 5.1.2.x-1: LTE power control for coexistence interference mitigation
5.1.2.y
ISM Power Control (ISM PC) 

The basic concept of this solution is illustrated on Figure 5.1.2.y-1. ISM transmission power is reduced to mitigate the interference to LTE receiver. 
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Figure 5.1.2.y-1: ISM power control for coexistence interference mitigation

� Currently there is no power class signaling, new signaling is required. On-the-fly UE capability change is not support in current network either.
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