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1. Introduction
In this contribution we address and discuss potential uplink (UL) interference problems indicated in LS from RAN3 in the scope of the Carrier-Based Hetnet ICIC WID [1]. The questions raised in the LS are repeated here:
RAN3 would like to inform RAN1 that within the context of the WID Carrier-Based Hetnet ICIC RAN3 has considered a scenario where a macro cell and a pico cell share at least one carrier and in which a macro UE (MUE) interferes in the Uplink with the pico cell, while not being able to detect this pico cell on the DL.
RAN3 would like to know if RAN1 have considered this scenario and can confirm the relevance of the problem? 
In case this scenario is considered of relevance, RAN3 would like to ask RAN1 if any existing solution has been discussed in RAN1 or can be considered from a RAN1 perspective?
The rest of the contribution is organized as follows: In Section 2 we describe the problem in more details, in Section 3 potential methods of interference mitigation are presented. Simulation results are presented in Section 4, followed by concluding remarks in Section 5.
2. Problem description
According to [2] the UE is to detect the cell if the conditions listed in table below are fulfilled.
	Parameter
	Conditions

	
	Bands 
	Bands 
	Bands 


	Bands 


	Bands

	
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	9, 41, 42, 43
	2, 5, 7
	3, 8, 12, 13, 14, 17, 20, 22
	25

	SCH_RP|dBm(
	-127 dBm


	-126 dBm


	-125 dBm


	-124 dBm


	-123.5dBm

	SCH  Ês/Iot >
	- 6 dB


Lets us consider the co-channel macro+pico scenario pictured in Fig. 1. In cases when the macro-UE (MUE) is located close to pico cell border, the MUE is not able to detect the pico if the signal from macro is more than 6 dB stronger. There are three levels of pico Tx power defined: 24dBm, 30dBm or 37dBm. Respectively for various pico-node Tx power difference in transmission power between macro- and pico-nodes is 22dB, 16dB or 9dB. The 6dB difference in received power is exceeded if the difference of path-loss towards macro and towards pico-node is lower than 16dB, 10dB or 3 dB respectively. Notice that we here assume that effect of antenna gains is part of the “path-loss”.
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Fig. 1: Macro UE located close to Pico cell border can interfere Pico UEs connected to affected pico eNB
Therefore it is possible that, for the case of pico DL Ptx = 30dBm, the MUE cannot detect pico node while having pathloss towards this node 10dB lower than towards serving macro. In case of UL transmission lower pathloss towards pico node also means that the power received from the MUE is higher for a pico node, while the node cannot be detected and reported by the UE.
3. UL interference mitigation methods
Main method to mitigate UL interference in heterogeneous networks is setting of UL power control (PC) parameters separately per layer. The UL open loop PC (OLPC) formula is described in [3] and is defined by
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However, in our investigations only OLPC parameters are included. To overcome problem described in Section 2 the value of 
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 should be higher in for pico-UEs (PUE) as compared to MUEs. Such an approach was presented in [4], where UL HetNet performance results were reported. Two main techniques for configuring UL PC parameters were investigated in [4]:

· PC parameter setting based on equalizing UE power spectral density on layer borders.
· Per-layer PC parameter settings based on maximizing overall system throughput performance (e.g. cell-edge and median UL cell area throughput). 
It should be noted that while first method protects against one UE being jammed by a UE from another layer, the second approach aims at maximizing the key performance indicators (KPIs) related to throughput, taking the outage performance into account as well. The basic conclusion from [4] is that both assure full system operability but first method provides worse performance.
One important aspect to be taken into account is that the load on macro layer is much higher than on the pico layer. Therefore MUEs have to share the resources with much larger number of UEs than PUEs, thus having much less PRBs assigned on average. Consequently, even if one MUE causes high interference on pico layer, only small fraction of spectrum/time will be jammed and assuming proper MCS setting the transmission on pico layer can be performed normally.
4. Simulation results
Based on the same simulation assumptions for co-channel macro + pico cases as in [4], additional statistics are collected to show the radio conditions on pico layer. Some of the main simulation assumptions are listed in Table 1. Other simulation parameters are set according to recommendations in [5].
Table 1 Simulation assumptions.
	Parameter
	Value

	Network deployment
	Hexagonal grid with ISD = 500m

	Number of pico nodes per cell
	4

	UE deployment
	4a (4 UEs in each hotspot), 4b (10 UEs in each hotspot)

	Range Expansion Bias
	3dB

	Antenna pattern
	Macro: 3-d antenna pattern
Pico: Omnidirectional

	Antenna configuration
	Macro, pico 2rx, UE 1tx. 

	Open Loop Power Control Parameters (two methods considered in this document)
	Equalization UE power spectral density on layer borders:

MUE: Alpha:0.9, P0:-70, PUE: Alpha:0.9 P0:-58
KPI maximizing:
MUE:Alpha:0.9 P0:-80, PUE:Alpha:0.7 P0:-70
For both: 4a and 4b test scenarios

	Packet scheduling
	Resource fair

	Traffic type
	Full buffer


The SINR of pico UEs is investigated for both techniques of setting UL PC mentioned in Section 3 (more details available in [4]). The SINR results are summarized in Table 2. The reported SINR is calculated per antenna, i.e. the post detection SINR after antenna combining and MMSE is naturally higher..
Table 2. Pico UE experienced SINR per antenna for different scenarios.
	Method
	Equalizing UE power spectral density on layer borders
	Maximizing overall system throughput performance

	UE deployment
	Configuration 4a
	Configuration 4b
	Configuration 4a
	Configuration 4b

	5%-ile PUE SINR [dB]
	0.455
	2.13
	-6.55
	-6.58

	50%-ile PUE SINR [dB]
	9.77
	10.48
	-1.07
	-0.83

	95%-ile PUE SINR [dB]
	14.74
	15.41
	4.82
	5.38


The presented simulation results indicate that introduction of optimized UL PC settings (e.g. two aforementioned methods) provide conditions for undisturbed PUE operation. To be specific, in both methods 5%-tile SINR are on the level that allow for UL transmission. More detailed throughput performance results for these schemes can be found in [4].
In scenario 4b radius of cluster with users concentrated around pico eNB is larger than typical pico cell radius and many users are located close to pico cell border. Such user deployment create unfavorable constellation from efficient network operational point of view but from evaluation perspective can be considered as a worst case.
5. Conclusions
Based on presented simulation results for 3GPP macro+pico scenario with UE deployment 4a and 4b our conclusion is that despite there are MUEs present close to border between layers, by means of proper UL PC configuration too excessive cross-layer interference can be avoided.
However, to achieve good balance between layers it is very important to use optimized UL PC settings. Proper settings for the discussed cases can be generally described as settings the increase PUE Tx power and decrease MUE Tx power when compared to PC configuration identical settings on both pico- and macro-layers. Therefore we propose to further investigate methods for selecting the most optimal UL PC parameters setting. In summary, we recommend that RAN1 agrees on the following actions in response to the LS from RAN3:
· RAN1 shall further evaluate the uplink HetNet performance for macro+pico scenario in order to determine if additional standardization would be beneficial to circumvent potential interference problems.
· RAN1 shall first focus on establishing a common understanding on the optimal uplink power control settings, using different settings per layer, as this is the simplest method for managing uplink interference.
· RAN1 shall investigate if additional standardization would be beneficial (e.g. new X2 signaling) to enable easier and more coordinated setting of uplink power control parameters for macro+pico scenarios. 
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