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1. Introduction
In the last meeting initial PDCCH simulation results were shown [1]. In order to start aligning results simulation assumptions were discussed over the email reflector [2].
In this contribution we show simulation results following the assumptions of scenario 1 of [2].
2. Simulation Results
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The assumptions for the simulations can be found in [2]. For convenience they are also repeated in the appendix. Figures 1 – 4 show the performance of PDCCH for non-MBSFN ABS with non-colliding CRS, non-MBSFN ABS with colliding CRS and MBSFN ABS with colliding CRS for (CFI,CCE) = (2,4), (2,8), (3,4) and (3,8).
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 Figure 1: PDCCH Performance for CFI = 2, CCE = 4
Figure 2: PDCCH Performance for CFI = 2, CCE = 8
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Figure 3: PDCCH Performance for CFI = 3, CCE = 4
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Figure 4: Performance for CFI = 3, CCE = 8
From the figures the following observations can be made:

· MBSFN ABS with colliding CRS give the best PDCCH performance in all cases. Due to the absence of CRS-to-CRS interference in symbols 4, 7, 11, the serving cell is still able to estimate the channel reliably, yielding to a good PDCCH performance.  

· Non-MBSFN ABS with colliding CRS give the worst PDCCH performance in most of the cases. Since CRS-to-CRS interference is present in all symbols 0, 4, 7, 11, the channel can not be estimated reliably in the serving cell. The performance degrades with increasing inter cell interference. 

· In case of non-MBSFN ABS with non-colliding CRS PDCCH performance can be impacted by decoding errors of the PCFICH for CFI = 2, in particular for aggregation level L = 8. In case of strong inter cell interference of 10 dB a PDCCH miss detection probability of 1% can only be achieved at a SNR level that is higher than for MBSFN ABS and non-MBSFN ABS with colliding CRS.

· PDCCH performance in case of non-MBSFN ABS with non-colliding CRS is significantly improved if PCFICH decoding errors can be avoided (CFI = 3) by applying the extended PHICH configuration. In case of low to medium interference (1 dB, 5 dB) the performance for CFI = 3 is similar to MBSFN ABS with colliding CRS for aggregation level L = 4. 

· PDCCH performance under strong interference (10 dB) and aggregation level L = 8 is similar for MBSFN ABS with colliding CRS and non-MBSFN ABS with non-colliding CRS. In this case PDCCH performance for non-MBSFN ABS with colliding CRS is about 1.5 – 1.8 dB worse for a miss detection probability of 1%.

Figure 4 shows that a PDCCH miss detection probability of 1% can be achieved at SIR levels of -12 dB and lower for MBSFN ABS with colliding RS and non-MBSFN with non-colliding RS for 10 dB interference. For non-MBSFN with colliding RS the same miss detection probability is reachable at SIR = -10.5 dB in this scenario.

However, it should be pointed out that it was assumed in these simulations that the UE is in sync, i.e. the quality of the downlink link is above the threshold Qin. The quality of the downlink link is estimated based on the CRS according to TS 36.133. 

In case of non-MBSFN ABS with colliding CRS, the SINR at all CRS is the same as in a Rel-8 scenario, which means that this configuration does not provide improvement for radio link monitoring (RLM) over Rel-8. At a SIR of -10.5 dB it is difficult for a UE to keep in sync. Therefore it can be expected that in case of non-MBSFN ABS with colliding CRS the radio link is already out of sync at such a low SIR level. 

In case of non-MBSFN ABS with non-colliding CRS the SIR at the CRS is significantly higher since the CRS in the serving cell do not suffer from interference. Then the UE still stays in sync at such a low SIR. 
Hence, RLM performance also needs to be considered for the final definition of the PDCCH demodulation test cases.
3. Conclusion 

In this contributions simulation results for PDCCH performance in various scenarios have been presented. The main observations are
· MBSFN ABS with colliding CRS give the best PDCCH performance in all cases. Due to the absence of CRS-to-CRS interference in symbols 4, 7, 11, the serving cell is still able to estimate the channel reliably, yielding to a good PDCCH performance.  

· Non-MBSFN ABS with colliding CRS give the worst PDCCH performance in most of the cases. Since CRS-to-CRS interference is present in all symbols 0, 4, 7, 11, the channel can not be estimated reliably in the serving cell. The performance degrades with increasing inter cell interference. 

· In case of non-MBSFN ABS with non-colliding CRS PDCCH performance can be impacted by decoding errors of the PCFICH for CFI = 2, in particular for aggregation level L = 8. In case of strong inter cell interference of 10 dB a PDCCH miss detection probability of 1% can only be achieved at a SNR level that is higher than for MBSFN ABS and non-MBSFN ABS with colliding CRS.

· PDCCH performance in case of non-MBSFN ABS with non-colliding CRS is significantly improved if PCFICH decoding errors can be avoided (CFI = 3) by applying the extended PHICH configuration. In case of low to medium interference (1 dB, 5 dB) the performance for CFI = 3 is similar to MBSFN ABS with colliding CRS for aggregation level L = 4. 

· PDCCH performance under strong interference (10 dB) and aggregation level L = 8 is similar for MBSFN ABS with colliding CRS and non-MBSFN ABS with non-colliding CRS. In this case PDCCH performance for non-MBSFN ABS with colliding CRS is about 1.5 – 1.8 dB worse for a miss detection probability of 1%.
· In the definition of the PDCCH test cases it needs to be ensured that the downlink radio link quality is well above the out-of-sync threshold Qout. 
Based on the above results we propose to accommodate the options for (CFI,CCE) listed in [3]:

Proposal 1: For non-MBSFN ABS with non-colliding CRS (CFI,CCE) = (3,8) should be used. For MBSFN ABS with colliding CRS (CFI,CCE) = (2,4) should be used. 
Non-MBSFN ABS with colliding CRS do not provide performance advantage over non-MBSFN ABS with non-colliding CRS and MBSFN ABS with colliding CRS. Therefore no PDCCH test cases need to be defined for this scenario.

Proposal 2: No test cases for PDCCH demodulation performance should be defined for non-MBSFN ABS with colliding RS.

4. Appending: Simulation Assumptions for PDCCH
Table 1: Link level simulation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz carrier

	System bandwidth
	10 MHz

	Antenna configuration and configuration matrix
	2x2 low in both cells

	Power allocation
	PCFICH_RA

PDCCH_RA
	-3 dB

	
	PCFICH_RB
PDCCH_RB
	-3 dB

	Radio channel
	EVA5 in serving and interfering cell

different seeds for both channels

additional delay (e.g. 2.5 (s) for interfering cell with respect to interfering cell

	ABS Configuration
	1) Non-MBSFN with non-colliding RS

2) Non-MBSFN with colliding RS

3) MBSFN with colliding RS

	Reference signals
	1) Non-colliding RS
mod(PCI1,3)!=mod(PCI2,3)
2) Colliding RS

mod(PCI1,3)=mod(PCI2,3)

	Control Format Indicator (CFI)
	CFI = 2 (PCFICH decoding included)

CFI = 3 (PCFICH decoding not needed)

	Aggregation level
	4 and 8 CCE

	PDCCH payload (including 16 bits CRC)
	47 bits

	Tx EVM
	6% 

	Serving Cell SNR
	Variable range

	Interfering cell SNR
	Scenario 1: 1 dB, 5 dB, 10 dB 

	Detector and channel estimator of UE
	Rel-8/9 baseline receiver and channel estimator

	Inter cell interference
	Explicitly modelled in ABS and non-ABS

	Channel Estimation at UE
	Realistic channel estimation over CRS

	Scenario 1

(to be simulated for colliding and non-colliding RS)
	Scheduling patterns in the serving cell:  

[10000000] for non –MBSFN ABS
[1000010000 1000000000] for MBSFN ABS

ABS bitmap in the interfering cell: 

[10000000] for non-MBSN ABS  

[1000010000 1000000000] for MBSFN ABS
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