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1. Introduction
During the email discussion after RAN3#75, four macro-based solutions and two pico-based solutions for the macro-pico UL interference scenario have been discussed and compared [1]. 
	Solution Category
	Solution Index
	Keywords of Solution
	A Brief Introduction

	Macro-based Solutions
	Solution 1a
	OI-based UL interferer identification and rescheduling
	Macro determines the interferer MUE based on OI information enhanced with time information, and then reschedules the interferer

	
	Solution 1b
	Location-based UL interferer identification and rescheduling
	Macro determines the interferer MUE based on location report, and then reschedule the interferer

	
	Solution 1c
	RA-based UL interferer identification and rescheduling
	The interferer MUE is determined based on random access preamble detected by pico and then rescheduled 

	
	Solution 1d
	SRS-based UL interferer identification and rescheduling
	The interferer MUE is determined based on SRS detected by pico and then rescheduled

	Pico-based solutions
	Solution 2a
	Rescheduling the interfered PUEs and avoid using the interfered resources
	Pico reschedules the interfered PUEs and avoid using the interfered resources

	
	Solution 2b
	Power boosting for the interfered PUEs
	Pico increases the UL Tx power of interfered PUEs


In this paper, we discuss the solutions in more details and highlight their pros and cons. Finally, we propose that Solution 1a (OI-based solution) is more suitable for the concerned scenario.
2. OI-based Solution for UL Interferer Identification 
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Figure 1: UL interference Scenario for macro-pico deployment case
For interference coordination, eNB needs to find out the MUE who (may) cause UL interference to pico. After that, eNB can reschedule the MUE to other resources on the same carrier or other carriers (that pico does not use).  Note that rescheduling interferer MUE to other resources on the same carrier may cause interference to PUE using those resources if without coordination. An exemplary way is to reuse the HII indication from macro to pico after identifying the interferer MUEs. In fact, solution 2a could not work well without identification of interferer MUEs (since macro does not have the knowledge that which MUE’s UL transmission is going to cause interference to pico). 

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.


When pico eNB detects UL interference, it can send the per-PRB interference indication to macro eNB. Upon reception of Load Information message including OI, macro eNB is able to find out the PRBs for which high interference and/or medium interference occur. It allows the macro eNB to identify those UEs which have been scheduled on the high-interference and medium-interference PRBs. Those UEs could thus be considered as the sources of UL interference. However, the accuracy of interferer identification of this approach is related with the scheduling patterns in the frequency and time domain. In case that only one or a few MUEs have been scheduled on the indicated PRBs, Macro eNB can determine the interferer MUEs accurately. For example, if a few MUEs are always scheduled on the indicated PRBs according to SPS or based on frequency-selective algorithms during the considered duration, those MUEs can be easily identified as the interferers. However, there are other cases that many MUEs have been scheduled on the indicated PRBs during the considered period. For example, there could be at most 20 MUEs been scheduled on an indicated PRB if the OI reporting period is 20ms. As pointed in [3], “bursty scheduling” may happen and cause OI indication on a number of PRBs. In such cases that frequency domain indication is not enough for accurate interferer identification, there are two approaches to overcome the problem:
OPT 1: Besides the existing per-PRB-OI indication, Pico indicates a bitmap or list of subframes where high interference overload was detected; 

	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.

	UL Interference Overload Indication Pattern Info
	O
	
	
	

	 >UL Interference Overload Indication Pattern
	M
	
	BIT STRING(SIZE(1..60,…))
	Each position in the bitmap represents a UL subframe for which value “1” indicates “high interference” and value “0” indicates “medium or low interference” 

	>UL Interference Overload Indication Start SFN
	M
	
	BIT STRING(10)
	The SFN that OI starts from


OPT 2: For each PRB indicated as high interference overload, Pico also indicates the subframes where high interference overload was detected.
	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.

	> UL Interference Overload Indication Pattern Info
	O
	
	
	

	>>UL Interference Overload Indication Pattern
	M
	
	BIT STRING(SIZE(1..60,…))
	Each position in the bitmap represents a UL subframe for which value “1” indicates “high interference” and value “0” indicates “medium or low interference” 

	>>UL Interference Overload Indication Start SFN
	M
	
	BIT STRING(10)
	The SFN that OI starts from


With the above enhancements to OI, Macro is able to determine the exact MUE or a few MUEs causing UL interference to pico based on the scheduling history information locally stored. 
We can further estimate the storage requirement for the scheduling history information. Considering a 20ms load information reporting periodicity, there are 20*110 scheduling resource units (each unit is a PRB pair per TTI). Assuming using the 16 bits C-RNTI as the MUE identifier, the storage requirement will be 20*110*16 bits = 35200 bits or 34kbits. So caching the scheduling history information is easy for macro eNB implementation. 
Observation: storing scheduling history information is easy for macro eNB implementation.
Conclusion: OI-based solution leads to minor change on eNB side and no impact to the UE. It can be accurate and incurs no extra delay except the OI reporting periodicity and X2 signaling delay. It is low complexity and enables interference mitigation by rescheduling MUEs. 
2.1. Comparison with other solutions
Solution 1b relies on the UE location report capability. In another word, it is not applicable for all UEs so it cannot solve the UL interference problem completely. In fact, the large positioning delay (e.g. at least in seconds even for A-GPS) is another factor not suitable for solving the UL interference problem. 
Solution 1c based on RACH detection requires three-party signaling and interaction. 1) Pico signals the OI to macro, 2) macro signals the dedicated RACH information to pico, 3) macro initiates PDCCH order to potential interferer MUEs; 4) MUE performs the dedicated RACH procedure; 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. Compared with solution 1a, this solution is more complex, incurs more delay and overhead, and has greater impact to the specification.  (The other alternative that MUE performs RACH according to pico’s configuration will interrupt the UE communication, and thus not as good as that MUE performing RACH according to macro’s configuration.)
Similar to Solution 1c, Solution 1d based on SRS detection also requires three-party signaling and interaction, and thus this solution is also complex, incurs large delay and overhead, and has significant impact to the specification. In fact, the SRS detection of non-synchronized UEs has feasibility problems. Since MUE’s UL timing is not synchronized with pico’s, two problems can be raised. First, the UL timing difference at the pico may be larger than the CP, making it impossible to receive the SRS successfully. Second, the UL timing differences between multiple arriving SRS sent by UEs lead to loss of orthogonality, thus pico may not be able to detect the SRS successfully. Maybe it’s more appropriate to send an LS to RAN1/RAN4 before considering this solution.
Solution 2a without identifying the interferer does not solve the interference problem from the root. First, rescheduling the interfered PUE to other resources and avoiding using the interfered resources will reduce the pico’s capacity.  Second, other resources are also subject to interference if macro dynamically schedules the interferer on other resources. 
Solution 2b based on increasing the PUE’s uplink power will cause interference to other neighbour cells. So it leads to interference level increasing rather than decreasing. Additionally, it will also increase the PUE’s power consumption. By the way, solution 2a and 2b are in fact not targeted at enhancing interference coordination and thus should not be considered in Carrier-based Hetnet eICIC WI.
After comparing all solutions, solution 1a is more suitable for solving the macro-pico UL interference problem. 
Proposal: RAN3 is kindly requested to adopt solution 1a for macro-pico UL interference coordination.
3. Conclusion & Proposal
In this discussion paper, we have demonstrated the OI-based UL interferer identification scheme for macro-pico UL interference coordination. This solution has a number of advantages over others. It leads to minor change on eNB side and no impact to the UE. It can be accurate and incurs no extra delay except the OI reporting periodicity and X2 signaling delay. It is low complexity and enables interference mitigation by rescheduling MUEs. 
Conclusion: OI-based solution leads to minor change on eNB side and no impact to the UE. It can be accurate and incurs no extra delay except the OI reporting periodicity and X2 signaling delay. It is low complexity and enables interference mitigation by rescheduling MUEs. 

Proposal: RAN3 is kindly requested to adopt solution 1a for macro-pico UL interference coordination.
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