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1. Introduction

At the RAN1 #70 meeting in Qingdao, China RAN1 received three LS from RAN3 pertaining to the Rel. 11 work item on carrier-based HetNet ICIC for LTE [1]

 REF _Ref338689328 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref338689322 \r \h 
 \* MERGEFORMAT [3]. These have not been treated hitherto in RAN1. Due to the possibility that the three incoming LS from RAN3 will be treated at the RAN1 #71 meeting in New Orleans, USA as indicated by the RAN1 chairman and in order to facilitate an expedited reply to RAN3, we present our views on the solutions for uplink interference mitigation discussed in RAN3 as part of the carrier-based HetNet ICIC work item.
2. Uplink interference in macro-pico environments
It is well known that heterogeneous networks whose infrastructure is composed of high power macro eNodeBs and low power pico eNodeBs exhibit an imbalance in uplink and downlink coverage. Whereas the significantly different transmit powers of the RAN nodes in a heterogeneous network do not affect the uplink coverage (in terms of link budgets) the downlink coverage, and consequently the RSRP based cell attachment, is favoured towards the high power macro eNodeBs. Macro UEs, i.e., those UEs receiving their control information from the macro eNB, thus potentially create significant interference at the pico eNB receiver in the uplink when they are in the proximity of a pico eNB (in the pathloss sense) while still being connected to the macro eNodeB. 
In a carrier-based HetNet, where macro and/or pico eNodeBs configure multiple carriers as PCells and SCells in a UE-specific manner, one remedy is to orthogonalize the channels of such “aggressor UEs” to their serving cell and the victim cell, the pico eNodeB, in the frequency domain in order to prevent “leakage” of larger transmit powers, required to overcome the pathloss to the macro eNodeB, into the adjacent pico eNodeB sector. Such frequency domain solutions are the scope of [4]. 
While handovers (in the case of PCells) and re-configurations (in the case of SCells) can attain this objective, as described in [4], one fundamental problem remains. Figure 1, re-printed from [4], depicts the uplink and downlink coverage areas for a given UE and network configuration.
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Figure 1: Uplink and downlink coverage areas for a given UE and network configuration

All things being equal, the UL border in Figure 1 does not depend on the transmit power which can vastly differ for macro and pico eNBs, whereas the DL border transitions between the two eNodeBs as a function of the ratio of their respective transmit powers. Note, however, due to the low power nature of pico eNodeBs, the DL border will always be between the UL border and the pico eNodeB in this example. For instance, the DL border, depicted as a dashed line in Figure 1, could be defined as the detection level down to which Release 8 intra-frequency cell identification requirements, namely, the measured cell SINR of the PSS/SSS/PBCH being greater than -6dB, are applicable. In other words, UEs outside the dashed circle around the pico eNodeB cannot reliably detect the small cells due to downlink interference originating from the macro eNodeB.
In Table I, we characterize UEs in a heterogeneous network as a function of their average reference signal received power with respect to the strongest macro eNodeB (RSRPmacro) and pico eNodeB (RSRPpico) for a given UE, respectively. For simplicity, the pathloss is defined as Pathloss = Reference Signal Transmit Power – RSRP. 
Table I: Distribution of UEs with respect to their pathloss and RSRP for different channel models and Tx powers
	
	Pathlossmacro<  Pathlosspico
	RSRPpico – RSRPmacro> –6dB
	Remaining UEs

	ITU    @ 24dBm
	8%
	71%
	21%

	ITU    @ 30dBm
	8%
	81%
	11%

	3GPP @ 24dBm
	22%
	42%
	36%

	3GPP @ 30dBm
	22%
	57%
	21%


The equations Pathlossmacro< Pathlosspico and RSRPpico – RSRPmacro> –6dB quantify the UL and DL borders, respectively. As can be seen from the last column, between a tenth and a third of all UEs in a heterogeneous network according to the parameters in the Appendix potentially create significant interference at the pico eNB receiver in the uplink while not being able to detect the pico eNodeB. As we discuss the RAN3 LS in [1] it is important to keep these numbers in mind.

3. Proposed solutions to identify macro UEs interfering with pico eNodeBs
The solutions that are being discussed in RAN3 can be distinguished in several ways:
· by the X2AP impact (e.g., unidirectional or bidirectional message transfer between eNodeBs)

· by the scheduler impact (e.g., historic or future scheduling decisions)

· by the physical layer channels, signals, and measurements being used

· by their scalability (e.g., cell-specific or user-specific)

· by the UE impact (e.g., power consumption)

· by the eNodeB impact (e.g., scheduling restrictions or receiver design)

In the following, we will use these criteria to evaluate the solutions outlined in [4].

3.1. Solution 1a: OI from pico to macro + historical scheduling information in macro

Solution 1a, as described in [4], re-uses existing X2AP messages that were specifically designed for the purpose of intercell interference coordination in the uplink, namely, the Overload Indicator. In addition to re-using existing X2AP procedures, the communication on the X2 interface is unidirectional from the pico to the macro eNodeB. To enable the macro eNodeB to identify the users which cause significant uplink interference to the pico eNodeB sending the OI, the LOAD INFORMATION Information Element [6] needs to be augmented with additional time information such that the receiving macro eNodeB can infer the UEs in question from historic scheduling information. Since the OI is cell-specific, no UE impact is foreseen. Since solution 1a re-uses existing measurements to derive cell-specific interference information, scalability of the solution is not an issue. Finally, solution 1a is in accordance with the per-TTI scheduling paradigm in LTE for it is based on past scheduling decisions which the eNodeB would need to store until it has received and evaluated the Rel. 11 OI information.

3.2. Solution 1a1: OI from pico to macro + static scheduling of MUE

Solution 1a1 is based on solution 1a but instead of storing past scheduling decisions to match the time-stamped OI with historic scheduling information, it imposes scheduling restrictions to the eNodeB by introducing particular frequency-domain scheduling patterns, namely, reserved PRBs for MUEs that are candidates for identification. While this solution inherits most of the benefits of solution 1a, it is not preferable due to these scheduler restrictions.

3.3. Solutions 1c, 1d, 1e: MUE sending uplink channels/signals to be detected by the
non-serving pico eNodeB

Solutions 1c, 1d, and 1e are all based on the idea that macro UEs transmit a physical uplink signal (SRS or DMRS) or channel (PRACH) to be detected by the non-serving pico eNodeB. Since these three solutions are by and large identical regarding the itemized criteria above, we will treat them together as one. First of all, it has to be noted that all three solutions require bidirectional communication via the X2 interface. In a first step, the macro eNodeB sends the configuration of the channel or signal to be detected by the pico eNodeB via the X2 to that pico. Then, after the pico eNodeB has received the uplink transmission intended to identify the interfering MUE, this information needs to be sent back to the macro eNodeB for it to take appropriate actions to alleviate the uplink interference. In solution 1c, the PRACH resources and preambles need to be known by both the macro and pico eNodeB; in solutions 1d and 1e the SRS/DMRS configuration needs to be sent from the macro eNodeB to the pico eNodeB. Due to the delay of the X2 interface, the DMRS solution violates the per-TTI scheduling paradigm in LTE since it requires the eNB to make future scheduling decisions on PUSCH. Moreover, the future scheduling window length depends on the X2 delay, which may not be a constant value. In addition, the necessary information exchange on the X2 required for these solutions is UE-specific such that it potentially does not scale with the number of users in the network. In addition to impacting the eNodeB scheduler, solutions 1c, 1d, and 1e are based on signals which were not introduced for the purpose of intercell interference coordination. If the latter was based on these signals and channels, they would likely need to be transmitted more frequently affecting both the power consumption at the UE as well as the eNodeB uplink receiver load. For example, the macro eNodeB may need to probe several macro UEs which do not cause significant interference to the pico eNodeB before the interference-causing UEs are reliably identified. In summary, such solutions are not expected to scale well such that additional and new X2AP procedures on top of the UE and eNodeB impact seem unjustified. In light of the fact that up to a third of the users might be affected, cf. Table I, it is preferable to use unidirectional cell-specific existing X2AP and PHY procedures intended for the purpose of intercell interference coordination, rather than to probe potential aggressor UEs by means of UE-specific uplink signals and channels which were not designed for this purpose and may impact UE power consumption, eNodeB design, and scheduling flexibility.
4. Conclusion

The following table summarizes the observations in the previous section:
	foreseen impact
	Solution 1a
	Solution 1a1
	Solution 1c
	Solution 1d
	Solution 1e

	X2AP
	unidirectional
	unidirectional
	bidirectional
	bidirectional
	bidirectional

	eNB scheduler
	none
	yes
	yes 
	yes
	yes

	specification
	minor
	medium
	significant
	significant
	significant

	scalability
	cell-specific
	cell-specific
	user-specific
	user-specific
	user-specific

	eNB design
	yes
	yes
	yes
	yes
	yes

	UE design
	no
	no
	yes
	yes
	yes


As can be seen, solution 1a has the least impact both towards specification and implementation at the UE and eNodeB. We hence propose to recommend to RAN3 to take the above into consideration.
5. Appendix — Simulation Parameters

	Parameter
	Assumption

	Antennas
	4 TX (Macro), 4 TX  (Pico), 2 RX (UE)

	Deployment scenario
	Picos randomly overlaid onto 3GPP Case 1 macro-cells

	UE Placement
	Configuration 4b

	Number of Pico cells per macro cell
	4

	Cellular layout
	Hexagonal grid, 3 sectors per site, reuse 1

	Channel model
	ITU (TR 36.819) and 3GPP (TR 36.814)

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	UE speeds of interest
	3 km/h

	UE Receivers
	MMSE Option 1

	UE noise figure
	9 dB

	Macro eNB TX power
	46dBm

	Pico TX power
	24dBm and 30dBm

	Macro eNB antenna gain
	14dBi

	Pico antenna gain
	5dBi

	UE Antenna gain
	0 dBi

	Placing of new nodes and UEs
	See Table A.2.1.1.2-4 [TR 36.814]

	Minimum distance between UE and macro
	35 m

	Minimum distance between Pico and macro
	75 m

	Minimum distance between UE and Picos
	10m

	Minimum distance among Picos
	40 m

	Distance-dependent path loss 
	Please refer to relevant sections in [TR 36.819].

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation
	10 dB

	Shadowing correlation between cells

(Cells including macro cells and new nodes.)
	0.5

macro cells between sectors: 1


References

[1] R1-123086 (R3-121453), LS on UL Interference for CB ICIC, TSG RAN WG3 (Ericsson)
[2] R1-123087(R3-121455), LS on DL Interference mitigation for carrier based HetNet ICIC, TSG RAN WG3 (Qualcomm)
[3] R1-123088 (R3-121458), LS on operational carrier selection for CB ICIC, TSG RAN WG3 (Nokia Siemens Networks)

[4] 3GPP TR R3.024 v0.4.0, Carrier-based HetNet ICIC use cases and solutions, 3GPP TSG RAN E-UTRAN

[5] R4-111694, 
Link Simulation Assumptions for Studying Cell Identification for eICIC, Ericsson, ST-Ericsson, Qualcomm Incorporated

[6] 3GPP TS 36.331 v10.4.0, Radio Resource Control (RRC) protocol specification, 3GPP TSG RAN E-UTRA
















3

