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1 Introduction

This contribution gives the text proposal of TR36.872 on enhanced power control/adaptation mechanism and enhancement of frequency domain power control and/or ABS in multi-cell scenarios. 
2 Text proposal
------------------------------------------------------Start text proposal--------------------------------------------
7.1.2
Enhanced power control/adaptation
This technique is studied for both uplink and downlink transmission.
Small cell downlink power control refers to the adaptation of a small cell (which may also refer to a small cell CC) transmission power, including possibly both the common channel power and data channel power. Downlink power optimization can be designed in a cell-specific way or a UE-specific way. 

For cell-specific power optimization, each cell’s transmitted PSD across the system bandwidth is roughly flat, and it can be modified based on the cell coverage, traffic load, interference status and any other factors considered to be relevant. Some coordination may be needed between cells. 

For UE-specific power optimization, the small cell adjusts the transmission power per transport block and may include dynamic blanking at the PRB level. More coordination would be needed for such an approach.
Small cell interference mitigation based on downlink power control may be considered with respect to the mobility impact and modification time scale perspective.
A few mechanisms for downlink power control enhancement are described in sub-clause 7.1.3.
The uplink power control enhancement may take into account interference generated to non-serving cells. Path losses to multiple points need to be considered in determining the uplink transmission power.
7.1.3
Enhancement of frequency domain power control and/or ABS to multi-cell scenarios,

7.1.3.1 Enhancement of (e)ICIC to multi-cell scenarios for small cell deployments
In Rel-8/Rel-9, ICIC is a frequency-domain interference coordination scheme to reduce macro-to-macro interference in co-channel deployment scenarios by exchanging power restriction (RNTP) at PRB-level. In Rel-10/Rel-11, eICIC is introduced as a time-domain coordination scheme to reduce the macro to small cell interference in co-channel deployment scenarios by configuring ABS (almost blank subframes) for the macro cell. In Rel-12 dense small cell deployment, the interference from macro cells may not be the single dominant interference source anymore. Interference between small cells can be significant when the number of deployed small cells increases. 
Enhancement of (e)ICIC to multi-cell scenarios has been proposed for small cells deployments, including:
· Time domain interference coordination

· Different ABS patterns could be configured for different small cells
· Fast ABS pattern adaptation 
· eNB may apply different downlink power control strategies considering the CRS existence in the data region
· Frequency domain interference coordination

· Different PRB/CC(s) could be configured for different small cells, including autonomous carrier selection
Supporting the enhancement of (e)ICIC has the following potential specification impacts:
· Study backhaul requirements

· Define the signaling and time scale to support faster adaptation rate for (e)ICIC

· Design the resource coordination mechanism in the time and frequency domain in a coordinated manner 

· E.g, Exchange ABS allocation via backhaul among small cells

· Support restricted subframe measurement on Scell

· Enhance CSI measurement to support more interference level

7.1.3.2 Enhancement of EPDCCH for small cell deployments
In Rel-11, enhanced PDCCH (EPDCCH) is introduced to improve the control region ICIC performance in frequency domain. In Rel-12 small cell deployment scenarios, the inter-cell interference could become more severe in dense deployment. Compared to PDSCH, EPDCCH needs to be more robust due to lack of HARQ. Thus protecting EPDCCH PRBs by coordination among cells can be considered to achieve stable and efficient EPDCCH performance. 
Evaluations are provided to show the EPDCCH SINR improvement by inter-cell-interference coordination.
Table 7.1.3.2 EPDCCH SINR improvement by inter-cell-interference coordination
	Source
	SINR improvement

	Source1(Intel R1-132935)
	0.75~2dB
(Scenario 2a, one cluster of 10 Pico nodes and 30 UEs)

	Source2(NSN, Nokia R1-133487)
	3~5dB
(3GPP case1; configuration 4b, 4 picos per sector and 30 users per macro area.)


Evaluation results show that EPDCCH SINR improvement could be observed by inter cell interference coordination.
The identified signaling messages between eNBs to support the inter-cell-interference coordination enhancement for EPDCCH are the followings. One or the combination of the listed inter-cell-interference coordination messages could be conveyed by OAM configuration/DL HII(High interference indication)/enhanced RNTP signaling/Load Indication procedure:
· Exchange between eNBs of resource allocation information of EPDCCH

· Indication of the PRB resources for EPDCCH transmission
· Indication of preferred EREG groups for EPDCCH transmission
· Exchange between eNBs of time-domain resource allocation information of EPDCCH

· Indication of the time instants that are configured for EPDCCH transmission

· Exchange between eNBs of multi-level transmitted power of PRBs

· Indication of different transmission powers for EPDCCH and PDSCH PRBs. 

· Exchange between eNBs of multi-level interference preference of PRBs.

· Indicate the interference sensitivity level of the PRBs, which would be useful for other eNBs to perform scheduling with this interference sensitivity of neighbor eNBs
· Exchange between eNBs of a separate set of PRBs used for sensitive data protection (e.g., EPDCCH)
· Indication of a set of PRBs with low power for a relatively long time.
------------------------------------------------------End of text proposal--------------------------------------------
