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1. Introduction

During offline discussions the following description of available solutions for carrier based UL interference mitigation in HetNet environments were described. The description is provided in the form of a TP, which is proposed to be included in the “Carrier Based HetNet ICIC for LTE” TR.
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4.3
UL interference in macro-Pico environment

4.3.1
Description

	***Omitted Text***


	***First Change***


4.3.2
Solutions
4.3.2.x1 Macro-based solution: Macro identifying MUEs interfering with the Pico eNB.

Uplink interferer identification was discussed as part of the work on interference management between Macro and Pico cells. Some solution candidates have also been presented to RAN3. Below is a short summary of some solution candidates:

Solution 1a.
OI from Pico to Macro + historical scheduling information in Macro

Identification based on UL Interference Overload Indication(OI) from Pico to macro and historical scheduling decisions in macro.  This means exploiting existing signalling over X2AP, where the interfered Pico indicates the interference overload per PRB. By including additional time information of the interference overload from Pico to macro, the macro can identify the right MUEs causing the uplink interference.
Solution 1b.
MUE & Pico location 

Identification based on Macro UE location information. If the location of the Pico is known at the macro, then this could enable uplink interferer identification. 

Macro UE location can be an important component when addressing the scenario in Section 3, provided that location is available, and that the subscriber consents to its use.

Solution 1c.
MUE sending a random access preamble to be detected by the non-serving Pico 

The scenario addressed by this solution is the macro-pico UL interference scenario, and the objective, in the context of carrier based interference management, is that the interfering MUE should be moved to a different carrier, but the interfering MUE cannot be identified because of the Picocell DL/UL coverage imbalance.

To identify the interfering MUE, it is proposed that the Macro eNB  selects some MUEs to perform the non-contention based Random Access procedure using PRACH resources and preambles known to the Macro eNB and the Pico eNB beforehand. The Pico eNB detects the preamble transmissions and forwards the RACH-access-relevant information needed for UE identification to the Macro eNB as well as an indication of the received signal strength of the preambles. The Macro eNB is able to identify MUEs using the received information based on associations established beforehand, and the Macro eNB is able to identify the interfering MUE (s) based on the received signal strength information provided by the Pico eNB.

Solution 1d.
Uplink channel sounding (i.e. SRS measurements) of MUE detected by non-serving Pico eNB
The purpose of this solution is to identify the source of interference in cases of Macro-Pico UL interference scenarios where an interfering Macro UE cannot identify the interfered Pico eNB.

The method for identification of the interfering Macro UE is based on uplink channel sounding (Sounding Reference Signals - SRS). 
In this solution the Pico eNB detects high uplink interference for UEs on a specific carrier, and deduces that the induced interference is from UE(s) served by neighbour macro eNB(s). 
It therefore indicates uplink interference overload using the Load Information message over X2 to the neighbour macro eNB 
As the macro eNB may not have any indications about which of its served UEs is inducing interference to the low power base station, the macro eNB configures channel sounding for one or several served UEs. The selection of the macro UEs for which such procedure will be applied is restricted to the UE(s) potentially generating interference to the Pico eNB. As an example, selection of potentially interfering UEs may be based on one of the following factors: 1) neighbour cells reported by the Pico eNB in the X2 setup messages; 2) neighbour cells reported by the UEs served by the macro base station. 

The macro base station signals the channel sounding configurations of the potentially interfering UEs to the Pico eNB so that it can initiate the detection mechanisms. The UEs perform the channel sounding transmission, and by monitoring the SRS, the Pico eNB detects the MUE(s).

Once the Pico eNB detects the Macro UE and detects information relative to the channel sounding configuration of such UE, it signals such information to the macro base station, which then is able to identify the interfering UE and to take appropriate measures such as move the UE on different radio resources.

Interference cancelation mechanism for Solution 1a, 1b, 1c and 1d

The family of solutions described in section 4.B.2.1 is based on the identification of the source of interference, i.e. the interfering macro UE(s). Such interfering Macro UEs could generate interference on part or all of the macro resources, depending on their traffic demand and macro scheduling decisions. 

After identification of the interfering macro UE, the solutions described in section 4.B.2.1 imply (re)scheduling the MUEs to other resources that could reside on the same carrier or on different carriers. A typical example could be that of a Macro UE interfering on resources used as SCell. The Macro eNB could either decide to change the SCell carrier for that UE or to de-activate the SCell. 

By moving the aggressor MUE on different resources (either not shared with the Pico eNB or not interfering with the Pico eNB) it is possible to attenuate the interference to the Pico eNB.
4.3.2.x2 Pico-based solution

In this solution pico is responsible of interference management, because Pico knows which PUEs are interfered, Pico can re-schedule the PUEs and/or use proper power control for PUEs directly. 

Solution 2a.
Pico (re)scheduling the interfered PUEs to other resources (same carrier or different carriers)

In case the Pico is aware of UL interference from MUEs, the Pico re-schedules the interfered PUEs to other resources and  avoid schedule PUEs on the interfered resources; the other resources could be on the same carrier or different carriers:

· Other PRBs where the strong UL interference does not occur. 

· Other PRBs with low interference sensitivity by other nodes, i.e. HII value from other nodes is equal to “0”. 

Solution 2b.
Reuse existing power control mechanisms at Pico

Reuse Release 8/9 power control mechanism with further enhancements left FFS, as specified in LS R3-120008 by RAN1.

4.3.2.x3 Solutions Comparison

	
	Impact on eNB
	Impact on specifications
	Impact on UE performance
	Accuracy of Interferer Identification
	Interference reduction delay
	Level of interference reduction
	Solution  complexity

	Solution 1a
	Medium, implies changes at statistics collection/ processing
	Low, implies minor changes to current OI information
	N/A, UE not affected, 
	Medium, depending on granularity of OI information 
	Medium/Low, minimal delay from receiving OI and rescheduling MUE. 

Interference reduction delay depends on OI averaging time
	Medium, depending on accuracy of interferer identification
	Medium, due to identification of interferer from OI and storage of scheduling history 

	Solution 1b
	Medium, implies knowledge of location of neighbour BSs
	FFS, How can a eNB get the position of a UE is FFS.
	Medium/High, assuming the need of MUE position (e.g. via GPS)

Note: not applicable for MUEs without location report capability
	Low, depending on the relevance between physical distance and large-scale fading
	Medium/High, depending on the delay for MUE reporting location information
	low, depending on accuracy of interferer identification 
	Medium, due to interpolation of UE position, Pico position and pico interference information

	Solution 1c
	Medium/Low, changes to Pico eNB monitoring of RACH access required
	Medium, two-way signaling including RACH information need to be exchanged between Macro and Pico
	Medium, dedicated RACH upon Macro PDCCH order does not interrupt MUE’s communication, otherwise assuming UE data traffic interruption during RACH access
	High, RACH preambles can be uniquely assigned to UEs
	Medium, depending on the delay of assigning dedicated RACH and the delay of receiving Load information and the delay of reporting RA detection from pico
	High, assuming good accuracy of interferer identification
	Medium, due to new X2 signalling and UE identification configuration at Pico

	Solution 1d
	Medium/High, changes to Pico eNB monitoring of non synchronized SRS signals according to macro’s configuration
	Medium/High, two way signaling SRS parameters  need to be exchanged between Macro and Pico
	Low, The UE will have to be configured with a specific SRS pattern. Already supported
	Medium, SRS patterns can be unique to each UE but mis-detection may be caused by non-synchronization between MUE and Pico
	Medium, depending on the delay of configuration of periodic/aperiodic SRS patterns and delay of receiving Load information and the delay of reporting SRS detection from pico
	High, assuming good accuracy of interferer identification 
	High, due to new X2 signalling and UE identification configuration at Pico bases on SRS detection of non-served UE

	Solution 2a
	Medium, Pico eNB needs to determine the cause of interference to support correct re-scheduling decision
	N/A, no changes to X2
	Medium, due to constrained Pico UE scheduling
	N/A, 

solution does not identify source of interference
	Low, depending on rescheduling scheme, i.e. depending on timing of decision to move UE to new resources. 
	Low,

Solution not based on interference reduction
	Medium, due to scheduling constraints from avoidance of interfered resources

	Solution 2b
	Medium, Increase of UE power needs to be coordinated with HEtNet environment
	N/A, no changes to X2
	Medium, UE needs to increase its Tx power to overcome interference
	N/A, 

solution does not identify source of interference
	Low, depending on timing of decision to modify PC parameters 
	Low,

.increase of Pico UE power may cause overall interference increase.
	Low,
Power control can be supported by using existing mechanisms.


	***End of Changes***

























































































































































































































































































































































































