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1. Introduction
The LS from RAN3 to RAN1 requests evaluation on the following solutions to identify the MUE interfering a pico cell [1]. 
	Solution Index
	Keywords of Solution
	A Brief Introduction

	Solution 1a
	OI-based UL interferer identification
	Interfering MUE identification is attempted by the Macro eNB by means of the Uplink Interference Overload Indication IE (UL OI) received from the victim eNB. The UL OI will include new time information about the subframes or absolute time information regarding the experienced interference and is based on stored UE historical scheduling information at the macro eNB.

	Solution 1c
	RA-based UL interferer identification
	MUE sending a random access preamble on serving cell PRACH resources, to be detected by the non-serving Pico 

	Solution 1d
	SRS-based UL interferer identification 
	Uplink channel sounding (i.e. SRS measurements) of MUE detected by non-serving Pico eNB

	Solution 1e
	DMRS-based UL interferer identification 
	Uplink MUE DMRS detected by non-serving Pico eNB


In this paper, we discuss the solutions in more details and highlight their pros and cons. In particular, we focus on assessing if the solutions require time-synchronization (as asked by RAN3) among eNBs.
2. Solutions for UL Interferer Identification
The main scenario addressed by the RAN3 LS is illustrated in Figure 1.  In this section, we discuss the four solutions for identifying UL interferer in this scenario. 
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Figure 1: UL interference Scenario for macro-pico deployment case
2.1. OI-based solution 1a 
Currently, pico can send UL Interference Overload Indication (OI) to neighbour eNBs via X2 Load Information Message [2]. OI provides, per PRB, a report on interference overload as shown below.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UL Interference Overload Indication List
	
	1 .. <maxnoofPRBs>
	
	

	>UL Interference Overload Indication
	M
	
	ENUMERATED (high interference, medium interference, low interference, …)
	Each PRB is identified by its position in the list: the first element in the list corresponds to PRB 0, the second to PRB 1, etc.


The above OI information can be further enhanced with interference pattern information (time information) in order to accurately identify the interferers:
Option 1: Besides the existing per-PRB-OI indication, Pico indicates a bitmap or list of TTIs where high interference overload was detected; 
Option 2: For each PRB indicated as high interference overload, Pico also indicates the TTIs where high interference overload was detected.
With the above enhancements to OI, Macro eNB is able to determine the exact MUE(s) causing UL interference to pico eNB by leveraging the scheduling history information locally stored. Even in the case that pico is potentially interfered by MUEs from two macros, the frequency and time domain information of OI can be used to identify the exact interfering MUE as the scheduling patterns of two MUEs served by two macros are likely to be different. 
Note that the OI-based solution leads to minor change on eNB side and no impact to the UE. Solution 1a can be accurate and incurs no extra delay other than the existing OI reporting periodicity and X2 signaling delay. 
2.2. RACH detection based solution 1c  
Solution 1c based on RACH detection requires three-party signaling procedures. 
1) Pico signals OI to macro; 
2) macro selects a set of probable interfering MUEs and signals the dedicated RACH information and macro’s PRACH configuration and RA-preamble configuration to pico; 
3) macro initiates PDCCH order to potential interfering MUEs; 
4) MUEs perform the dedicated RACH procedures; 
5) pico detects the dedicated RACH and reports the detection to macro; 
6) macro determines the actual interferer based on the reporting information from pico. 
This solution requires the non-serving pico to detect MUE’s RA preamble based on macro’s PRACH configuration. Thus, it requires the synchronization between macro and pico, i.e. the SFN and subframe should be aligned between macro and pico, or the SFN offset and/or the subframe shift between macro and pico should be maintained by macro or pico. Note this requirement is aligned with the assumption discussed in MIB detection of non-CA-based feICIC [3], which is the same as solution 1a. However, compared with solution 1a, this solution is more complex, incurs more delay and overhead, and has greater impact to the specification.  
2.3. SRS detection based solution 1d  
The signaling flow of solution 1d is as follows:

1) Pico signals OI to macro; 
2) macro selects a set of probable interfering MUEs and signals those MUEs’ SRS configuration information to pico; 
3) [optional] macro requests potential interfering MUEs to initiate aperiodic SRS; 

4) MUEs perform the aperiodic SRS procedure; 

5) pico detects the SRS and reports the detection to macro; 

6) macro determines the actual interferer based on the reporting information from pico. 

This solution requires the non-serving pico to detect MUE’s SRS based on macro’s SRS configuration. Thus, it requires the synchronization between macro and pico, i.e. the SFN and subframe should be aligned between macro and pico, or the SFN offset and/or the subframe shift between macro and pico should be maintained by macro or pico. Note this requirement is aligned with the assumption discussed in MIB detection of non-CA-based feICIC [3], which is the same as previous solutions. Moreover, since the UL of MUE is not synchronized with pico, the detection performance may be degraded. In addition, this solution is more complex, incurs more delay and overhead, and has greater impact to the specification compared with solution 1a.
2.4. DMRS detection based solution 1e
The signaling flow of solution 1e is as follows:

1) Pico signals OI to macro; 
2) macro selects a set of probable interfering MUEs and signals those MUEs’ DMRS configuration information to pico; 
3) MUEs perform the UL transmission with DMRS; 

4) pico detects the DMRS and reports the detection to macro; 

5) macro determines the actual interferer based on the reporting information from pico. 

This solution requires the non-serving pico to detect MUE’s DMRS based on macro’s DMRS configuration. First, it requires the synchronization between macro and pico, i.e. the SFN and subframe should be aligned between macro and pico, or the SFN offset and/or the subframe shift between macro and pico should be maintained by macro or pico. Note this requirement is aligned with the assumption discussed in MIB detection of non-CA-based feICIC [3], which is the same as previous solutions. Secondly, since the UL of MUE is not synchronized with pico, the DMRS detection performance may be degraded. Thirdly, the time-frequency location of MUE’s UL transmission and DMRS results from macro’s scheduling decision. If the MUE is dynamically scheduled, it may be difficult for pico to detect MUE’s DMRS. In addition, this solution is more complex, incurs more delay and overhead, and has greater impact to the specification compared with solution 1a.
3. Conclusions
In this paper, we have analyzed the proposed RAN3 candidate solutions for macro-pico UL interference coordination. Based on the initial feasibility analysis of those solutions, we have the following observations. 
Observation 1: All solutions (1a/1c/1d/1e) require synchronization between macro and pico, i.e. the SFN and subframe should be aligned between macro and pico, or the SFN offset and/or the subframe shift between macro and pico should be maintained by macro or pico. Note this requirement is aligned with the assumption discussed in MIB detection of non-CA-based feICIC [3].

Observation 2: Since the UL of MUE is not synchronized with pico, the SRS/DMRS detection performance may be degraded, and their negative impact to solution 1d/1e need further evaluation.

Observation 3: Compared with solution 1a, solutions 1c/1d/1e are more complex, incur more delay and overhead, and have greater impact to the specification.
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