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1
Introduction
The discussion on Rel-11 FeICIC WI in RAN4 has been ongoing for a few meetings. In RAN4 #62bis, baseline receiver assumptions to be used for defining the requirements were agreed in [1]. Also, the assumptions for the system simulation that will be used to derive the signal levels were agreed in [2]. In RAN4 #63, discussions took place on system level simulations and on cell detection and measurement for FeICIC with 9 dB CRE bias, and a way forward was proposed to define simulation parameters for evaluating performance with and without interference cancellation.
In [4] we have proposed simulation assumptions to be used for defining the cell detection requirements. In this contribution we provide corresponding link simulation results.
2
Discussion
2.1 Cell identification side conditions
The agreements from [1] concerning cell detection are listed below for convenience:

· Cell detection with 9 dB CRE is to be studied. This may include
· PSS/SSS IC
· Other types of receivers are not excluded
· PBCH performance with 9 dB CRE is to be studied. This may include
· PBCH IC
· Other types of receivers are not excluded 
Based on system simulation results in [3], we propos the following simulation assumptions.
· Option 1: Es/Noc = -4 dB, E_I,1/Noc = 5 dB, E_I,2/Noc = 3 dB

· Option 2: Es/Noc = -6 dB, E_I,1/Noc = 3 dB, E_I,2/Noc = 1 dB

These values correspond to -12dB Es/Iot. In the above Es/Noc is the serving cell SNR level and, E_I,1/Noc and E_I,2/Noc are the strongest and second strongest interferer SNRs respectively. Option 1 would be the preferred option as the serving cell level of -4 dB would also leave some margin for imperfect interference cancelation. 
Proposal 1. Use 2 interferers to define the cell identification requirements. The signal levels of the serving cell and interfering cell should be chosen from the 2 options above.
 2.2. Simulation assumptions
The cell identification requirements will be decided based on simulation results. In this section we propose some simulation assumptions to be used in the simulation campaign.

· SNR
· Option 1: Es/Noc = -4 dB, E_I,1/Noc = 5 dB, E_I,2/Noc = 3 dB
· Option 2: Es/Noc = -6 dB, E_I,1/Noc = 3 dB, E_I,2/Noc = 1 dB
· Cell IDs
· Consider various cell ID combinations
· Channel model

· ETU70, ETU30, EPA5, AWGN
· DRX
· No DRX
· Receiver type

· PSS/SSS/PBCH IC receiver
2.3. Cell identification simulation results

In this section we provide link simulation results for cell identification according to the simulation assumptions provided in the previous section. Note that our simulation results include only PSS/SSS acquisition delay excluding RSRP measurement time of 200msec. Detailed simulation assumptions are as follows.
Table 1: Simulation assumptions for cell detection
	System
	10MHz, 2GHz carrier frequency

	Antenna configuration
	1x2

	Cell ID
	Victim cell to be detected: 113
Strongest aggressor: 119 (colliding CRS with victim)

Second strongest aggressor: 115  (non-colliding CRS with victim)

	Channel model
	ETU30Hz, EPA5Hz, AWGN

	Timing offset
	3usec for both aggressors w.r.t. the target cell

	PSS/SSS detection algorithm
	IC enabled


For PSS/SSS detection, we assume that the searcher is run periodically every 40ms within which it uses 4 bursts of PSS and 4 bursts of SSS for PSS and SSS cancellation and detection, respectively.
In Figure 1 we plot the probability of cell identification as a function of delay. From the figures we see that the cell identification delay (excluding RSRP measurement delay) is quite small (within 100msec) when PSS/SSS IC is employed across the channel models simulated (AWGN, ETU30, EPA5) and for both option 1 and 2.

Observation 1: Rel-8 cell detection requirement of 800msec (600msec for cell acquisition and 200msec for measurement) can be easily met with PSS/SSS IC.

With Rel-10 receiver (i.e. with PSS/SSS IC disabled), the 90% detection rate is worst for ETU30 out of the channel models simulated (AWGN, ETU30, EPA5), for which the cell identification delay is within 520msec for the option 1 and 540msec for the option 2, respectively (excluding RSRP measurement delay). However, it is well understood that the cell identification delay varies significantly depending on the choice of cell IDs, and therefore the worst case cell ID combinations needs to be considered as was done for Rel-10 campaign [5]. The UE battery saving should also be considered to allow for less frequent searcher operation, in which case the delay will increase proportionally. On top of them, implementation margin needs to also be considered. Note that the cell detection requirement for Rel-10 eICIC is set at 1000msec at the Es/Iot level of -7.5dB. For Rel-11 FeICIC the cell detection delay will be even larger if PSS/SSS IC is not used. 
Observation 2: Rel-8 cell detection requirement of 800msec (600msec for cell acquisition and 200msec for measurement)  may not be met without PSS/SSS IC.
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Figure 1: cell identification delay (excluding RSRP measurement delay)
The Rel-10 delay requirements were relaxed compared to the Rel.8 ones because the baseline receiver assumed no PSS/SSS IC. With an increase in CRE from 6dB to 9dB, the cell identification will be much tougher for Rel-11 without PSS/SSS IC, and simply increasing the integration time is expected to bring limited gain for synchronized scenario as the longer integration does not provide any combining gain due to deterministically repeating interference. Thus, we believe that the Rel-11 requirements should be based on the assumption of the PSS/SSS IC receiver.
Proposal 2: Cell detection performance is defined based on PSS/SSS IC receiver. 

As we noted in the above, a PSS/SSS IC receiver can easily meet the Rel-8 800msec delay.

Proposal 3: Cell identification delay requirements should target the Rel-8 requirement of 800ms latency.

2.4. PBCH decoding simulation results

In this section we provide link simulation results for PBCH decoding according to the simulation assumptions provided in the previous section. Detailed simulation assumptions are as follows.

Table 2: Simulation assumptions for PBCH decoding
	System
	10MHz, 2GHz carrier frequency

	Antenna configuration
	1x2

	Cell ID
	Victim cell whose PBCH to be decoded: 113
Aggressor cells: 111 (strongest), 115 (second strongest)

	Channel model
	ETU30Hz

	Timing offset
	3usec for both aggressors w.r.t. the target cell

	Control and PDSCH
	PCFICH is transmitted.

PDCCH and PHICH are not transmitted.

PDSCH is transmitted over the center 6RBs.

	PBCH detection algorithm
	PBCH IC enabled


In Figure 2 we plot the probability of PBCH decoding error (over 40msec combining) as a function of Es/Noc. It can be observed that with PBCH IC, 1% miss-detection can be easily achieved with either option 1 (Es/Noc = -4 dB, E_I,1/Noc = 5 dB, E_I,2/Noc = 3 dB) or option 2 (Es/Noc = -6 dB, E_I,1/Noc = 3 dB, E_I,2/Noc = 1 dB). Without PBCH IC, the miss-detection probability is significantly higher than 1%.
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Figure 2: PBCH decoding BLER
Proposal 4: Use 2 interferers to define the PBCH demodulation requirements. The signal levels of the serving cell and interfering cell should be chosen from the 2 options below with option 1 preferred over option 2.

· Option 1: Es/Noc = -4 dB, E_I,1/Noc = 5 dB, E_I,2/Noc = 3 dB

· Option 2: Es/Noc = -6 dB, E_I,1/Noc = 3 dB, E_I,2/Noc = 1 dB
Proposal 5: PBCH demodulation requirements are defined with PBCH IC receiver. 

3 
Conclusions

In this paper we provide cell identification and PBCH decoding link simulation results and discuss requirements for Rel-11 FeICIC. Based on the results we propose the following:
Proposal 1: Use 2 interferers to define the cell identification requirements. The signal levels of the serving cell and interfering cell should be chosen from the 2 options below with option 1 preferred over option 2.
· Option 1: Es/Noc = -4 dB, E_I,1/Noc = 5 dB, E_I,2/Noc = 3 dB

· Option 2: Es/Noc = -6 dB, E_I,1/Noc = 3 dB, E_I,2/Noc = 1 dB
As mentioned above, Option 1 would be preferable as the serving cell signal level of -4 dB would also leave some margin for imperfect interference cancelation.
Observation 1: cell detection requirement of 800msec (600msec for cell identification and 200msec for measurement) can be easily met with PSS/SSS IC.

Observation 2: cell detection requirement of 800msec (600msec for cell identification and 200msec for measurement)  may not be met without PSS/SSS IC.

Proposal 2: Cell detection performance is defined based on PSS/SSS IC receiver. 

Proposal 3: Cell identification delay requirements should target the Rel-8 requirement of 800ms latency.
Proposal 4: Use 2 interferers to define the PBCH demodulation requirements. The signal levels of the serving cell and interfering cell should be chosen from the 2 options below with option 1 preferred over option 2.

· Option 1: Es/Noc = -4 dB, E_I,1/Noc = 5 dB, E_I,2/Noc = 3 dB

· Option 2: Es/Noc = -6 dB, E_I,1/Noc = 3 dB, E_I,2/Noc = 1 dB
Proposal 5: PBCH demodulation requirements are defined with PBCH IC receiver. 
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