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1. Introduction

In this contribution we elaborate on the simulation assumptions for further studying, and eventually defining UE receiver requirements, for cases with Rel-11 UE CRS interference cancellation (IC) in a co-channel macro+pico environment with Further enhanced Inter-Cell Interference Coordination (FeICIC) enabled. As FeICIC performance have already been studied extensively in RAN WG1 during recent meetings, we propose to use the RAN WG1 FeICIC simulation assumptions as a starting for more detailed UE CRS IC simulations in RAN WG4. 

The contribution is organized as follows: In Section 2 we present the overall setting and summarize the recent RAN WG1 conclusions, as well as point to cases of highest interest for UE CRS IC. In Section 3 we present a first proposal for system level simulations assumptions to further study UE CRS IC in a co-channel environment with FeICIC enabled. One of the objectives is to use these system level simulations to extract useful statistics to later define relevant link level simulation assumptions for more detailed UE CRS assessment. Based on the proposed system level assumptions, we present signal level statistics in Section 4 that can be helpful for later defining proper link level simulation assumptions. Initial discussions on defining link level simulation assumptions are presented in Section 5, followed by summary and concluding remarks in Section 6.  
2. Setting the Scene 
The basic scenario and usage of FeICIC is illustrated in Fig. 1. Here usage of FeICIC addresses the problem of picos only being able to serve users in its close vicinity due to high received interference from macro-cells. However, with FeICIC, some subframes are configured as almost blank subframes (ABS), allowing the pico eNB to schedule users in the range extended area, and thereby allowing usage of RE when relying on RSRP based cell association. Based on recent performance studies in RAN WG1, it was concluded to use a reference setting with 9 dB RE. 
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Figure 1: Basic illustration of FeICIC principle for co-channel macro+pico cases, as well as illustration of basic deployment scenario with extended pico coverage area.
The users benefiting from UE CRS IC are primarily the pico-UEs in the range extended area that are served when macro transmits ABS. The UE CRS IC capability is then used for suppressing the remaining CRS interference coming from the ABS. Given that ABS at the macro does not collide with paging transmissions or PSS/SSS/PBCH, CRS transmission is the only signal sent during ABS (assuming no CSI-RS). Based on the recent RAN WG FeICIC performance studies, it seems sufficient to only consider UE CRS IC from one or two macro cells for pico-UEs in the range extended area. Actually, in most cases only CRS IC from one macro cell is required to achieve good performance; see e.g. results in [3]. 
3. System level simulation assumptions
The first for more detailed studies of UE CRS IC is to reach agreement on detailed system level assumptions. System level simulations are needed to extract useful statistics for later defining appropriate link level simulation assumptions. As RAN WG have already conducted numerous system level simulations with FeICIC and UE CRS IC, we propose to adopt a subset of those simulations, i.e. as defined in [2]. When possible, it is also desirable to align with simulation assumptions for the ongoing Rel-11 SI on generic advanced UE receivers. However, as the setting for the aforementioned Rel-11 SI and the studies of UE CRS IC for FeICIC cases is different, it is not possible to use exact same assumptions. Given these considerations, a first proposal for system level simulation assumptions for FeICIC with UE CRS IC are summarized in Table I. 
Table I: Summary of proposed system level simulations for FeICIC with UE CRS IC.
	Parameter
	Assumption

	3GPP macro+pico co-channel scenario
	A.2.1 in TR36.814 as baseline with macro ISD = 500 meters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz (50 PRBs)

	eNB transmission power
	Macro: 46 dBm
Pico: 30 dBm

	Number of picos per macro cell area
	4

	UE distribution
	Configuration 4b (hotspot) according TR36.814

	Traffic model
	Full buffer

	3D eNB antenna tilting model
	15 degrees for macro, 0 degrees for pico

	Path loss & shadow fading models
	Path-loss:
Macro to UE: 128.1+37.6·log10(R[km]) 
Pico to UE: 140.7+36.7·log10(R[km]) 

Lognormal shadow fading:
Pico links: 10 dB std
macro links: 8 dB std

	Channel model and Doppler frequency for target and interfering cells
	EVA, 3 kmph
Use different channel seed per cell

	Subframe configuration
	14 symbols, normal cyclic prefix
3 symbols for control
11 symbols for data
no MBSFN

	Cell association
	RSRP based with 9 dB RE for picos

	ABS configuration
	Static. Same for all macro-cells.


	Network time-synchronization
	eNBs (macro and pico) fully time-synchronized (subframe aligned)

	CRS configuration
	2 CRS ports
CRS power: no power boosting
Macro: planned cell ID layout
Pico: random cell ID selection
Remark: Notice that this include cases with both colliding and non-colliding CRS between macro and pico.

	CSI reporting
	Periodic reporting every 5 ms with 6 ms delay.
Pico-UEs configured to report separate CSI for subfarmes where macro is using normal transmission and ABS, respectively.
Frequency selective CQI (6-PRBs) and wideband PMI

	Packet scheduling
	Proportional fair.
Remark: Note that this scheduler automatically will prioritize pico-UEs in the range extended area to primarily be scheduled when macro apply ABS.

	MIMO
	2x2 SU-MIMO with rank adaptation:
2 Tx antennas @ eNBs with low antenna correlation.
2 Rx antennas @ UEs with low antenna correlation.
CRS based demodulation.
Transmission Mode 6 (TM6).


A few additional remarks on the proposed simulation assumptions in Table I:
· The proposal in table I only include cases with 2x2 SU-MIMO and CRS-based demodulation. However, in line with assumptions for the Rel-11 SI on generic advanced UE receivers [4], cases with 4x2 and DM-RS based demodulation could be added as well. Here it needs to be discussed if cases with 4x2 shall be considered for macro-only, or whether it also shall be considered for picos.
· RAN WG1 assumed that only CRS was transmitted in ABS, i.e. not considering cases where ABS at macro may collide with transmission of e.g. PSS/SSS/PBCH. Furthermore, if MIMO transmission modes with CSI-RS are included, it needs to be agreed if CSI–RS will be present in ABS, or whether this can be avoided by smart selection of ABS muting pattern and configuration of CSI RS.
· In the RAN WG1 system level studies of FeICIC, the assumed UE reference receiver was MMSE-Option1 without CRS IC. CRS interference from multiple macro cells was explicitly modeled as Gaussian interference using one of the following two alternatives (assuming UE knows the position of CRS from dominant interfering macro-cells):
· Alt1: In system level, calculate SINR of each RE, and calculate effective SINR of corresponding codeblock.
· Alt2: For each codeblock, average interference level over all relevant REs. Use the average as common noise level of each RE in effective SINR calculation.
UE CRS IC receivers were modeled by suppressing CRS interference from a finite set of interfering macro-cells by certain fraction. As an example, in [3] it was assumed that pico-UEs suppress CRS interference from dominant macros by X dB when those transmit ABS.
4. System level performance results
Given the proposed system level simulation assumptions, we here present statics for experienced signal powers at pico-UEs. UEs perceive very different level of interference depending on its location and propagation conditions. In particular, users in the range extended pico area are experiencing the worst interference conditions and are the ones expectedto benefit from performing CRS IC from macro(s) transmitting ABS. Based on the results in RAN WG1, the RE offset is set to 9dB. This means that UEs in the border of the extended area perceive the strongest received macro-cell RSRP 9 dBs stronger than the RSRP from the serving pico-cell. We divide pico UEs into several groups to dig deeper into the experienced interference. Specifically, the following intervals are considered (Figure 2):
a) All pico UEs

b) Strongest received macro-cell is 6-9dB stronger than the serving pico-cell

c) Strongest received macro-cell is 0-6 dB stronger than the serving pico-cell.

d) Strongest received macro-cell weaker than the serving pico-cell.
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Figure 2. Pico-UEs classification
Thus, case (b) above corresponds to pico-UEs that are at the outer cell edge, while case (d) corresponds to UEs in the basic pico-cell coverage area (with no RE). Additionally, case (a) includes all pico-UEs and it is used as the reference case. 
We first present in Figure 3 the difference in RSRP between the serving pico-cell and the interfering macros (strongest macro, second in power, ...), for the intervals defined above. Figure 3 (a) shows all the pico UEs. It can be observed that the maximum difference RSRPserving_pico -RSRPinterferer_macro- is -9dB, as expected for a RE of 9dB. Users with a lower ratio do camp on the macro cell and are not plotted here. Figure 3 (b) plots users in the cell-edge (9dB > RSRPinterferer_macro-RSRPserving_pico > 6dB). These users are far away from the serving pico UE and the differences between the pico and the interferers are much smaller. On view of Figure 3 (b) we can see that these users need to cancel at least the strongest interferer. Furthermore, 32% of cell-edge users are also perceiving the second interferer at a higher power than the serving pico-eNBs, and would benefit from cancelling two macros. As users get closer to the serving pico-eNB (Figure 3 (c), with the interval 0dB-6dB), the difference in received power increases. Nevertheless, all users experience a negative ratio RSRPstrongest macro-RSRPserving_pico as expected from users in the extended area, and still 16% of the users perceive also the second macro interference at a higher power than the serving pico-eNB. Finally, Figure 3 (d) plots the center users, with the pico cell prevailing over the rest of macros. 
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 percentage of pico UEs = 27.2333%

pico-strongest macro  mean = -3.00dB
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Figure 3: Relative pico-interfering macro statistics at pico-UE. (a) All pico UEs (b) The strongest received macro-cell is at least 6 dB stronger than the serving pico-cell.(c) The strongest received macro-cell is between 0 and 6 dB stronger than the serving pico-cell. (d) The serving pico-cell is stronger than the strongest macro cell. 

Depending on the pico density and HetNet layout, it may happen that some picos have overlapping footprints and the pico-interference may turn out to be relevant. In our case (same RE for all picos, 4 picos per macro, ISD = 500m, minimum distance among pico nodes = 40m) the pico interference is not expected to be problematic. We show the interference perceived by pico-UEs from other pico-eNBs in Figure 4 for the same intervals defined above. It can be observed that the pico interference is much weaker than the macro. Specifically, the RSRP of the serving pico is always higher than the RSRP of the interfering pico, even for cell-edge users, as it can be expected with the same configured RE for all pico-eNBs.  
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pico-strongest interfering pico mean = 14.43dB
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Figure 4: Relative pico-interfering pico statistics at pico-UE. (a) All pico UEs (b) The strongest received interfering pico-cell is at least 6 dB stronger than the serving pico-cell.(c) The strongest received pico-cell is between 0 and 6 dB stronger than the serving pico-cell. (d) The serving pico-cell is stronger than the strongest interfering pico cell. 

In view of results in Figures 3 and 4 it can be concluded that, for the system configuration in Section 3, the macro interference is much more relevant than the pico interference. Thus, it may be enough to cancel the CRS IC from macros. Moreover, the number of suitable cancelled macros will depend on the location and propagation conditions of the pico UE, being two-three macros for users in the cell-edge, one-two macros for the rest of users in the extended area, and no need to perform CRS IC for pico-UEs in the coverage area. 
5. Discussion of link level simulation assumptions
A possible framework for link level simulations to further study pico-UE CRS IC from macro ABS is summarized in Fig. 5. The model may be used both for the colliding and the non-colliding CRS cases. Here a pico is transmitting the desired signal to the pico-UE with power P. The receiver signal at the pico-UE includes a sum of interfering signals from macros and picos. As we are mainly interested in investigation of pico-UE CRS IC from macro ABS, we only need to consider simulation of ABS from the macros. In Fig. 5 it is assumed that up to K interfering macro-cells are simulated. The k-th interfering macro cell is assumed to have power Im(k). In addition to the interfering macro-cells, we may also consider including up to M interfering signals from picos. The picos are transmitting normal subframes with power Ip(n) for the n-th interfering pico-cell. Finally, additive white Gaussian noise (AWGN) is included to form the received signal at the pico-UE. The AWGN component includes the effect of the interference not explicitly model. E.g. if K=3 (3 strongest macro-cells are modelled), then the accumulated interference from the 4th macro onward is implicitly captured in the AWGN term. 
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Figure 5: Sketch of possible framework for link level simulations to further study 
pico-UE CRS IC from macro-ABS transmissions (assuming macro+pico channel with FeICIC).

Given this proposed link simulation model, it shall be decided from system level statistics how many interfering macro-cells (K) need to be considered, as well as their corresponding power. Similarly, the potential need for including simulation of interfering pico signals and how many (M) shall also be determined from system level statistics. In case it is decided to include simulation of pico interference, simplified modelling of this interfering signal could be considered; e.g. by simulating the pico interfering signal with constant modulation and rank. 
Based on the presented system level results in Section 4, it seems reasonable to consider cases where the pico-UE is on the very cell-edge (assuming 9 dB RE) as well as cases where the pico-UE is in the medium RE area, where the strongest macro-RSRP is 0-6 dB stronger than the serving pico cell RSRP. For both of these cases, the pico-UE would benefit from CRS IC, while the power levels of CRS from interfering macro-cells will be different. From Fig. 4, it seems that for 10% of the cell-edge pico UEs the strongest interfering pico-cell for a pico-UE is on the order of -1.5 dB compared to the signal strength from the serving pico. Signals received from other picos are much weaker, so at most we propose to simulate one interfering pico cell. Given the results in Figs. 3 and 4, we therefore propose to consider the cases summarized in Table II (corresponding to the 10%-ile level). Note that for the sake of simplicity, it could be considered if it is needed to explicitly simulate the pico interfering signal, or whether it could just be modelled as AWGN. 
Table II: Tentative proposal for relative power settings for pico-UE link simulations with CRS IC.

	
	Im(1)/P
	Im(2)/P
	Im(3)/P
	Ip(1)/P

	Case #1:
Pico-UE at the outer cell-edge assuming 9 dB RE
	9 dB
	5.5 dB
	0 dB
	-1.5 dB

	Case #2:
Pico-UE at the medium RE area
	5 dB
	1 dB
	-3.5 dB
	-2 dB


Special cases to further consider:

The proposed framework in Fig. 1 where macro ABS transmission only contains CRS is considered sufficient for study the UE CRS IC performance of channels like PDSCH and PDCCH. However, for studies of PSS/SSS/PBCH performance, it should be further discussed if macro- and pico-layer is configured time aligned so PSS/SSS/PBCH appear at the same-time, or whether a subframe shift is enforced between the layers to avoid PSS/SSS/PBCH collisions. 
6. Concluding Remarks

In summary, we propose the following:

· It is suggested that RAN WG4 agree on system level simulation assumptions. Such system level simulations shall be used for extracting representative signal statistics experienced by pico-UEs scheduled during subframes where macro uses ABS. We suggest using the proposal in Table I as a starting point (i.e. based on RAN WG1 FeICIC simulation assumptions).

· Secondly, link level simulations according to proposed framework in Fig. 5 shall be discussed, where the relative power levels of interfering cells is extracted from system level simulations. A tentative proposal for link level simulation assumptions is given in Table II.

· For performance assessment of common channels like PSS/SSS/PBCH, it shall be discussed if cases with collision of those channels between macro and pico shall be studied.
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