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1 Introduction
Power control (PC) was agreed to be included in the TR as potential solutions in RAN2 #72bis. There are two directions: LTE PC and ISM PC. ISM PC is not in the scope of ICO discussion. This paper further investigates the alternatives for LTE PC.
2 Discussion

2.1 Existing LTE/LTE-A power control mechanisms

First, we briefly discussed the existing LTE power control mechanism. 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)

· RRC signaling to change transmission power related parameters
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

The goal of LTE PC is to decrease LTE power to protect collocated modems, the 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.
2.2 Possible solutions

Depending on the impact on the interaction of a solution, we classify the identified solutions into three groups. 
The 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. In other words, UE naïvely decreases transmission power without considering the counter action at the eNB side. Although solutions may not work to their full extent, this group of solutions can be implemented by Rel-8/9 UEs.
Second group of solutions (Group B) is UE still adjusts the power control parameters locally and report the change in existing mechanism. Although eNB does not know the exact reason, it gets the idea that UE demands to use lower 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). Compare to the Group A solutions, Group B solutions do not have the problem that locally decreased power may be compensated by eNB and, therefore, work better. Some of Group B solutions also can be implemented by Rel-8/9 UEs.

P-MPR has been discussed by RAN4 to solve similar problem, it is proposed to discuss with RAN4 that whether PC due to ICO could be handled in terms of P-MPR.

Third group of solutions (Group C) is UE explicitly reports the need for reduced power to eNB, possibly with the reason as well. 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. In general, solutions fall in this group require a new signaling mechanism.
The analysis of the three groups of solutions is summarized in following table.

	
	Group A
UE solutions
	Group B
Implicit signaling
	Group C
Explicit signaling

	Impact on UE/eNB/CN
	UE
	UE
	UE, eNB, CN

	Description and example
	UE adjusts the power control parameter locally without informing eNB. eNB has no clue on the existence 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, e.g. through P-MPR, to a lower value and reports the change through PHR. Once eNB receives the ePHR, 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 to decrease power, possibly with reason. eNB then decreases the transmission power based on the request from UE. 

Example 1:

When experiencing ICO interference, UE informs eNB the existence of ICO and the power reduction it applies through a new mechanism.

Example 2:

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.
Backward compatible.
	In-line with LTE/LTE-A principle.

Reuse existing report mechanism.

Could be Backward compatible.
	eNB and network is aware of the in-device coexistence.

	Cons
	Not in-line 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 investigated the power control solution for ICO. For LTE, three groups of potential PC solutions are analyzed for further discussion. To have a complete evaluation, it is proposed to capture these alternatives in the TR. A draft text proposal is included in section 5.

Proposal 1:
To discuss which PC alternative(s) should be adopted for solving ICO interference and review the corresponding TP. 
Proposal 2:

To consult RAN4 that whether P-MPR can be used to handle ICO interference.
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5 Text Proposal to TR 36.816

Since there are already two sections under 5.2, we propose to put three PC alternatives in corresponding sections.
5.2
Description of interference avoidance solutions

5.2.1
LTE network-controlled UE-assisted solutions
(…omitted…)
5.2.1.3
PC solutions
To mitigate coexistence interference to ISM/GNSS DL reception, UE reports the need for power reduction to eNB through existing or new mechanism. After eNB receives the report, it then changes the transmission power.
For existing mechanism, UE can adjust the power control parameters locally and report the change in existing mechanism (PHR, ePHR, CQI, etc.). eNB may not be aware of the reason, but it gets the idea that the UE demands power reduction through the report. This group of solutions can be implemented by Rel-8/9 UEs.
It is FFS, whether P-MPR can be used for ICO purpose.
If new mechanism is used, it is FFS how the report is transmitted (e.g. RRC or MAC) and what are the included information (e.g. interference type, power reduction value, etc.). 
For either existing or new mechanism, after eNB receives the report, it adjusts the UE transmission power through PDCCH (by adjusting number of RBs, MCS, TPC command) or RRC signaling (other transmission power related parameters in 5.1.1.1 [15]). The details of E-UTRAN actions upon reception of the report are FFS.
5.2.2
UE autonomous solutions

(…omitted…)

5.2.2.2
PC solutions
To mitigate interference to ISM/GNSS DL reception, UE may locally adjust the power control parameters (e.g. PL or its compensation parameter) or directly decrease transmission power to reduce its transmission power. Solutions fall in this group are pure UE centric without eNB awareness. There may be counter action at the eNB side. This group of solutions can be implemented by Rel-8/9 UEs.
� Currently there is no power class signaling, so new AS signaling is required to support UE power class change. Furthermore, on-the-fly UE capability change is not support in current network either.
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