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1. Introduction

In [1] we proposed simulation assumptions and results to be used for defining UE interference cancellation requirements. In this contribution we propose link level simulation assumptions based on those results. In Section 2 we present the link simulation framework and interference conditions and discussion on the requirements needed for RRM, RLM, demodulation and PBCH/PSS/SSS. Section 3 includes the summary and concluding remarks. A summary of the system simulation results is included in Appendix A. 
2. Interference Conditions and link simulation assumptions

A framework for link level simulations to further study pico-UE IC from macro ABS is summarized in Fig. 1. 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. In Fig. 1 it is assumed that up to K interfering macro-cells are simulated. The k-th interfering macro cell is assumed to have power (Es)aggressor 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 (Es)pico 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 of all cells not explicitly model, i.e. Noc. E.g. if K=3 (3 strongest macro-cells are modelled), then the accumulated interference from the 4th macro and onward is implicitly captured in the AWGN term. In addition, the probability of a pico cell being the 1st/2nd/3rd strongest interferer is very low [1][3], and so the (Es)pico n is also implicitly captured in the AWGN term. 
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Figure 1: Framework for link level simulations to further study 
pico-UE IC from macro-ABS transmissions (assuming macro+pico channel with FeICIC).

2.1 Interest UE and Pico Tx Power

We assume that the strongest interfering macro signal is having colliding CRS with pico transmissions, while the second and third strongest macro is transmitting with non-colliding CRS. Cell range extension (RE) of 9 dB is assumed, such that in principle Esaggressor 1 - Esvictim =9 dB for the UEs at the very cell-edge of the picocells coverage area. Statistics for the different powers of the sources in Fig. 1 are extracted from system level simulations. System simulations are conducted according to agreed RAN4 assumptions for intra-frequency FeICIC studies [2], and presented in Appendix A. From these system level simulations, we conclude that at most 3 interfering macros need to be explicitly modeled. Interference from remaining macros and picos can simply be modeled as AWGN contribution. The level of experienced interference from the macros at the pico-UE naturally depends on where the pico-UE is located in the cell area. We therefore propose to consider two distinct cases:
· Case #1: 5%-ile of pico-UE assuming 9 dB RE

· Case #2: 50%-ile of CRE pico-UE (medium RE area) assuming 9dB RE
Given the presented system level results in Appendix A, the recommended power levels for Case #1 and Case #2 are summarized in Table I. To be noticed, since the sample amount of Pico-UE’s locations is quite relevant, we run simulation using a higher number (more than 15000) of Pico users for more precise results. Particularly, we show the cell detection conditions in Table I-1 and RRM/RLM conditions in Table I-2, including the difference in power between the first strongest macro aggressor and the victim cell (serving pico). The methodology to get the values in the tables is as follows:
1. The Es / Iot levels are extracted from Table II, for Cases #1 (blue for ABS and red for non ABS) and #2 (yellow). 
2. For each UE of interest (UEs for which the Es / Iot is within +-0.2dB from the reference Es / Iot levels in step 1), the difference between the Es of the strongest aggressors and the Es of the victim (pico) cell is obtained from the values in Tables III and IV. Notice that the Esaggressor x -Esvictim ratios in tables below correspond to the RSRP level bias for the UEs of interest.
Table I-1: Relative power settings for pico-UE link simulations with IC in non-ABS SF (Cell detection).

	For 24dBm Tx power
	Esaggressor 1 - Esvictim
colliding CRS
	Esaggressor 2 - Esvictim
non-colliding CRS
	Esaggressor 3 - Esvictim
non-colliding CRS

	Case #1:
Pico-UE at the outer cell-edge assuming 9 dB RE
	7.7dB
	3.4dB
	-1.5dB

	Case #2:
Pico-UE at the medium RE area
	5.4dB
	-2.9dB
	-6.2dB

	For 30dBm Tx power
	Esaggressor 1 - Esvictim
colliding CRS
	Esaggressor 2 - Esvictim
non-colliding CRS
	Esaggressor 3 - Esvictim
non-colliding CRS

	Case #1:
Pico-UE at the outer cell-edge assuming 9 dB RE
	7.9dB
	2.1dB
	-2.6dB

	Case #2:
Pico-UE at the medium RE area
	4.6dB
	-5.4dB


	-9.3dB


Table I-2: Relative power settings for pico-UE link simulations with IC in ABS SF (RRM/RLM and demodulation).
	For 24 dBm Tx power
	Esaggressor 1 - Esvictim
colliding CRS
	Esaggressor 2 - Esvictim
non-colliding CRS
	Esaggressor 3 - Esvictim
non-colliding CRS

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

	 1.4 dB
	 -2.0 dB

	Case #2:
Pico-UE at the medium RE area
	6.1dB
	-3dB
	-7dB



	For 30 dBm Tx power
	Esaggressor 1 - Esvictim
colliding CRS
	Esaggressor 2 - Esvictim
non-colliding CRS
	Esaggressor 3 - Esvictim
non-colliding CRS

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

	 -2.3 dB


	 -6.3 dB



	Case #2:
Pico-UE at the medium RE area
	4.2dB
	-6.2dB


	-10.3dB


In RAN1 relevant discussion, the CRE bias is regarded as the Esaggressor 1 - Esvictim ratio on non-ABS SF, which is relevant on the cell reselection/handover threshold to extend the Pico cell range. It is observed that the Esaggressor 1 - Esvictim ratio for case #1 is higher than case #2 as the pico-UE is located closer to the pico-eNB in the medium RE area. From the Esaggressor 1 - Esvictim ratios, it is recommended to define Rel-11 requirements able to ensure the performance of UEs in the cell-edge (case #1) with 9dB CRE. Although in ABS SF the Esaggressor 1 - Esvictim ratio does not reach the bias as high as that for non-ABS SF, according to the corresponding UE distribution, the cell-edge UE (case #1) should be selected as representative of UEs of interest. Moreover, it is proposed to focus on the more restrictive case with Tx power = 24dBm.

Notice that the values in the table I-1 and I-2 capture uniquely the received signal power. To further decide the number of interferers to be cancelled, the total interference should be taken into account (Es / Noc in Tables III and IV). 

Proposal 1: It is proposed to define Rel-11 requirements able to ensure the performance of UEs in the cell-edge (case #1: 5%-ile of pico-UE) with 9dB CRE. Moreover, it is proposed to focus on the more restrictive case with Tx power = 24dBm.

2.2 Number of Interferers and Side Conditions
Colliding / non-colliding CRS
In the case of RRM, only RSRP measures are needed considering the FeICIC is applied in co-channel scenario and therefore only the colliding CRS is relevant. On the other hand, for RLM RSRQ or SNR are usually measured for Qin and Qout, so the non-colliding CRS interferer will also have impact.

1. Studies of RRM measurement requirements:
For studying pico-UE RRM measurement requirements, it is mainly relevant to explicitly simulate macros with colliding CRS. We therefore propose to limit such studies to simulations with one macro interferer, i.e. not to also explicitly simulate Esaggressor 2 - Esvictim and Esaggressor 3 - Esvictim. The interfering macro is only transmitting CRS, and no other signals. However it is worth to notice that the UEs attached to the Macro may also need to measure neighbouring Pico cell’s RSRP in ABS SF with knowledge of neighbour cell information and perform CRS IC[9][10]. Thus, the Esaggressor1-Esvictim in these cases may be even higher than that of Pico UE in CRE range.
2. Studies of RLM measurement requirements:
As RLM measurements are also affected by interference from non-colliding CRS, we propose to explicitly simulate two interfering macros with the corresponding power levels in Table I-2 for Case #1 and Case #2, respectively. The interfering macros are only transmitting CRS, and no other signals. 

To have a common side condition for RRM and RLM, the more stringent case of RLM should be referred.
3. Studies of demodulation requirements:
Analogously to the RLM measurement requirements, data channel demodulation is also affected by interference from non-colliding CRS, and therefore we propose to explicitly simulate two interfering macros with the corresponding power levels in Table I-2 for Case #1 and Case #2, respectively. The interfering macros are only transmitting CRS, and no other signals.
Proposal 2: RRM / RLM and demodulation
According to table IV and focusing on case #1 + tx power = 24dBm, we proposed modelling one colliding CRS Macro aggressor and one non-colliding CRS Macro aggressor, with Es / Iot = - 2.0dB, (Es/Noc) victim= 0.4dB, (Es/Noc) aggressor 1 = 7.9dB, and (Es/Noc) aggressor 2 = 1.8 dB. The third aggressor, (Es/Noc) aggressor 3= -1.6 dB, is perceived at a lower level and can be omitted from the explicit modeling. 
4. Studies of PBCH/PSS/SSS requirements:
As PBCH/PSS/SSS detection is also affected by interference from non-colliding CRS, and the non-ABS SF is quite stringent case, we propose to explicitly simulate two interfering macros with the corresponding power levels in Table I-1 for Case #1 and Case #2 in non-ABS SF, respectively. The interfering macros are assumed to transmit both CRS and PBCH/PSS/SSS. Thus, here we assume colliding PBCH/PSS/SSS transmissions from all cells, i.e. no subframe time-shift between cells.
Proposal 3: Cell Detection
According to table III and focusing on case #1 + tx power = 24dBm, we propose modelling one colliding CRS Macro aggressor and one non-colliding CRS Macro aggressors, with Es / Iot = - 10.1 dB, (Es/Noc) victim= - 3.3 dB, (Es/Noc) aggressor 1= 4.4 dB, and (Es/Noc) aggressor 2= 0.1 dB. The third aggressor, (Es/Noc) aggressor 3= - 4.8 dB, is perceived at a lower level and can be omitted from the explicit modelling.
3. Summary

In this contribution we provide a framework for link level simulation to further define UE requirements for FeICIC. 
Based on the results we have the next proposals:

Define Rel-11 requirements to ensure the performance of UEs in the cell-edge (5%-ile of pico-UE) with 9dB CRE. Moreover, it is proposed to focus on the more restrictive case with Tx power = 24dBm.
RRM / RLM and demodulation
We proposed modelling one colliding CRS Macro aggressor and one non-colliding CRS Macro aggressor, and Es / Iot = -2.0dB, (Es/Noc) victim= 0.4 dB, (Es/Noc) aggressor 1= 7.9 dB, (Es/Noc) aggressor 2= 1.8 dB.

Cell detection
One colliding CRS Macro aggressor and one non-colliding CRS Macro aggressor are modelled in non-ABS SF and   Es / Iot = -10.1 dB, (Es/Noc) victim= -3.3 dB, (Es/Noc) aggressor 1= 4.4 dB, (Es/Noc) aggressor 2= 0.1 dB are proposed.
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APPENDIX A: System Simulation Results
Es / Iot
In Table II we show the Es / Iot percentiles for transmission power = 24dBm and 30dBm, configuration 4b and ISD = 500m, during protected and no protected subframes. 


Table II. %-ile [dB] of the Es / Iot for the Ues of interest

	
	ABS
	Non ABS

	
	Pico
	Macro
	Pico
	Macro

	
	ALL
	CRE
	Non-CRE
	
	ALL
	CRE
	Non-CRE
	

	
	5%-ile
	25%-ile
	50%-ile
	50%-ile
	5%-ile
	5%-ile
	25%-ile
	50%-ile
	50%-ile
	5%-ile

	4b
	24dBm
	500m
	-2.0
	-0.3
	1.8
	20.2
	-3.5
	-10.1
	-8.6
	-6.7
	2.7
	-0.8

	
	30dBm
	500m
	-1.8
	0.2
	2.2
	21.3
	-4.2
	-9.3
	-8.1
	-6.1
	4.0
	-0.4


Specifically, we use the next working points extracted from Table II and agreed in previous RAN4 meetings:

· 5%-ile of pico Ues during ABS (blue) for RRM&RLM/CRS IC
· 5%-ile of pico Ues during ABS (blue) or 50%-ile of pico Ues in CRE during ABS (yellow) for demodulation/CRS IC
· 5%-ile of pico UEs during non-ABS (red)  and 50%-ile of pico UEs in CRE during non-ABS (green) for cell detection /PSS/SSS/PBCH IC

PBCH/PSS/SSS side conditions
The side conditions for PBCH/PSS/SSS are included next. Focusing in hotspot configuration and ISD = 500m, two different percentiles are considered: the 5%-ile of pico UEs (red in Table II) and 50%-ile of CRE pico UEs (green in Table II) during non-protected subframes. More than 15000 pico users are simulated. 

The interference level perceived by those users for the Es / Iot are obtained and shown in the Tables below. Particularly, we plot in Table III the Es / Noc levels for the Es / Iot levels of interest. Noc is the interference from all other cells except the serving cell and the three strongest macros (i.e. interference from remaining macros plus remaining pico interference plus noise). The Es / Noc is reported for the victim cell and for the three strongest macro interferers. Notice that Noc is the same for the victim cell and the three strongest macro interferers, so that the CRE can be obtained from the tables below as the difference between Es / Noc victim and Es / Noc aggressor 1. The methodology to obtain these values is as follows (similar approach as [5] [7] and justified in [8]):
1. The Es / Iot values of interest are extracted from Table II (red and green columns).

2. Pico UEs within +-0.2dB of the reference Es / Iot are filtered. For them, (Es / Noc) victim and (Es / Noc) aggressor x are obtained.

3. For all cases, the median of given (Es / Noc) victim and (Es / Noc) aggressor x are reported. 

Table III. Es / Noc. Configuration 4b and non ABS
	
	Tx power = 24dBm

	Users
	Es / Iot
	(Es / Noc) victim
	(Es / Noc) aggressor1
	(Es / Noc) aggressor2
	(Es / Noc) aggressor3

	5%-ile pico UEs
	-10.1dB
	-3.3dB
	4.4dB
	0.1dB
	-4.8dB

	50%-ile CRE pico UEs
	-6.7dB
	1.2dB
	6.6dB
	-1.7dB
	-5.0dB

	
	-
	-4dB
	3.7dB
	-0.8dB
	-4.8dB

	
	Tx power = 30dBm

	5%-ile pico UEs
	-9.3dB
	-3.2dB
	4.7dB
	-1.1dB
	-5.8dB

	50%-ile CRE pico UEs
	-6.1dB
	2.9dB
	7.5dB
	-2.5dB
	-6.4dB

	
	-
	-4dB
	3.9dB
	-0.9dB
	-5.5dB


RRM and RLM side conditions
For RRM and RLM side conditions ABS subframes are considered. We plot in Table IV the Es and Es / Noc for given Es / Iot and for the victim and the three main aggressors. The values are obtained following the same methodology as in Table III. 


Table IV. Es / Noc. Configuration 4b and ABS

	
	Tx power = 24dBm

	Users
	Es / Iot
	(Es / Noc) victim
	(Es / Noc) aggressor1
	(Es / Noc) aggressor2
	(Es / Noc) aggressor3

	5%-ile pico UEs
	-2.0dB
	 0.4dB
	7.9dB
	 1.8dB
	-1.6dB

	50%-ile CRE pico UEs
	1.8dB
	1.9dB
	8.0dB
	-1dB
	-5.1dB

	
	Tx power = 30dBm

	5%-ile pico UEs
	-1.8dB
	 -0.2dB
	5.4dB
	-2.1dB
	-6.1dB

	50%-ile CRE pico UEs
	2.2dB
	3.9dB
	8.1dB
	-2.3dB
	-6.4dB


