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1 Introduction

In the RAN4 #59 AH meeting and the subsequent email discussion, the demodulation requirements for eICIC have been discussed. However, there are still some demodulation assumptions remaining FFS:
· Test pattern 
· Interference level
· PDSCH test cases

· PDCCH/PCFICH test case

· CSI measurement consideration
In this contribution, we further discuss these remaining issues.
2 Discussion
2.1 Test pattern 

According to [1], the candidate set of measurement patterns is summarized as follows:

· FDD patterns:

(1/8,1,ABS)


[ 10000000, … ]

(2/8,2,ABS)


[ 11000000, … ]

In [2], Ericsson gives the system simulation results to evaluate the ABS patterns of (1/8,1,ABS) and (2/8,2,ABS). In this section, we provide our system simulation results for configuration #4b with 4 Pico nodes per Macro area [3], which is shown in Table 1 and Table 2. The ratio of Pico edge UE means the rate of Pico UEs which are scheduled in ABS subframe of the Macro cell. The detailed simulation assumptions are described in the Appendix Table 5. From the results, one can observe that although the throughput of Macro cell decreases with the increasing ABS subframes, the mean throughput of all cells still have little gains due to the increasing mean throughput of Pico cell. Moreover, the increased ABS subframe can reduce the test time of ABS subset as well. Therefore, 2/8 ABS pattern may be more appropriate for measurement requirements.
Table 1: Cell mean throughput (ratio of Pico edge UE: 50%)

	Pattern
	Macro cell (107 bit/s)
	Pico cell (107 bit/s)
	All cell (107 bit/s)

	1/8
	1.887
	1.372
	1.502

	2/8
	1.632
	1.473
	1.544


Table 2: Cell mean throughput (ratio of Pico edge UE: 33%)
	Pattern
	Macro cell (107 bit/s)
	Pico cell (107 bit/s)
	All cell (107 bit/s)

	1/8
	1.890
	1.554
	1.622

	2/8
	1.629
	1.671
	1.664


Proposal 1: 2/8 pattern maybe more appropriate for measurement requirements from the system point of view.
2.2 Interference level
Figure 1 shows the handover region and the cell identification region. Handover region is plotted according to the comparison of RSRP between Macro and Pico. As observed, the resulted coverage is smaller than the ideal circle of RSRP. And it could be expected that when the Pico moved towards Macro centre, the corresponding handover region would shrink further. To the extreme, the region would be too small to be used when Pico approaches the centre of Macro. We consider the demodulation performance of PSS/SSS and assume the maximum SNR_Macro is 1 dB for cell idenfication, i.e., the Pico cell edge UE (SNR_Pico = -4dB) could tolerate ABS interference level of 1dB at maximum, where SNR_Macro denotes the received power of the strongest Macro cell over the sum of received power of other interference cells and thermal noise power. Accordingly we can plot the region of cell identification. As observed in Figure 1, the region would be the larger or smaller than the handover regions when different REs were used.

And further we can also plot the similar region for PBCH, SIB1, PDCCH, PDSCH and etc. We would expect the quite diverse coverage regions for different channels or signals. One of them would become the bottleneck for the certain Pico location and RE value. 
The point here would be that it seems unnecessary to deploy Pico near or close to the centre of Macro, because one of the coverage regions, such as handover region, cell identification region, PBCH region and so on, would significantly shrink with closer to the centre. For the currently agreed receiver, Rel-8/9 baseline or without IC, the reasonable deployment of Pico might still be near the edges of Macro cells.
[image: image1.png]Assuming that or cell identifcation
SNR_pico=-4dB and the maximum
tolerated SNR_macro.
our simulation and current value, the
coverage of Pico would vary with the
location of Pico from Cell
identification point of view. And the
different channels, such as PBCH,
SIBI, PDCCH, PDSCH, would
corresponds o the different coverage.
One of them would be botleneck.

|z

Celldentifiaton region
B oo tht wewse the

according to RE-6d1%

0B handaver region

distributed configuration

2

15KHz

ABm/ISKHz




Figure 1 Handover region and cell identification region
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Figure 2 SNR_Macro distribution with no RE and 6dB RE
In Figure 2, the left figure depicts CDF distribution of SNR_Macro with no RE and the right one shows CDF distribution of SNR_Macro with 6dB RE, the simulation assumptions are described in the Appendix Table 5. We define 10% quantile of SNR_Macro, 50% of SNR_Macro and 90% of SNR_Macro as the lower interference level, middle interference level and higher interference level separately. As mentioned above, based on the R8/R9 baseline receiver, the reasonable deployment of Pico might be near the edges of Macro cells, so the feasible values of SNR_Macro would be within the range of lower interference level and middle interference level. From Figure 2, we can observe that even with 6dB RE, the values of SNR_Macro should be smaller than 6dB.
The SIR method proposed in [4] would be useful to understand the physical interference SNR limitation. It directly reflects the interference strength to victim UE’s received signal. Because minus SIR value is always smaller than the range extension, we can easily check interference SNR is appropriate or not, which help us to find a reasonable interference SNR value quickly. For example, if PDCCH decoding at a miss detection rate of 1% is achieved at SNR value of -4dB, SIR can be obtained as -9dB. Its minus value beyond the range of median range extension in Rel10, so we think the interference SNR is too high and we can’t find an application scenario in practical networks. 
Proposal 2: The reasonable deployment of Pico might be near the edges of Macro cells, the values of SNR_Macro should be smaller than 6dB; it is proposed to use SIR to check the feasibility of interference level.
2.3 PDSCH Test Cases
At the last meeting, it was agreed that test cases for TM2 should include the same following parameters as in Rel-8/9 test case ([R.11], [EVA5], [2x2], [medium correlation]). According to the approved decision [5] in RAN4 #58 meeting, it was approved that UE demod performance should be verified over both subsets of subframes signalled for CSI restriction. In the spirit of this point, P_S1 (clean subframe corresponding to P_CSI1) and P_S2 (unclean subframe to P_CSI2) might be tested separately. Because P_S2 is always scheduled in the centre of Pico cell where the interference is lower, the interference setting for P_CSI2 should be lower than P_CSI1. However, we are not sure whether or not the demodulation performance of P_S2 should be similar to that for Rel8/Rel9 UE’s, because the data region for Pico cell is also jeopardized by the dominant interfering Macro cell. If the performance of P_S2 is similar to Rel8/Rel9 UE, it is unnecessary to set the corresponding test case. As for P_S3, we think that it might be unnecessary to test P_S3 due to the same performance as those for either P_S1 or P_S2, as was declared in [6]. Moreover, the CSI measurements are only restricted in P_CSI1 and P_CSI2, and the eNodeB could avoid scheduling UE like P_S3. As for the ABS configuration, since the colliding CRS maybe occur in the practical network without PCI planning, the demodulation performance for the colliding CRS also needs to be considered. Now we list all the possible test cases for TM2 only as follows:

· PDSCH test cases for TM2:

  1) P_S1, non-MBSFN + non-colliding CRS

2) P_S2, non-MBSFN + non-colliding CRS

3) P_S1, non-MBSFN + colliding CRS

4) P_S2, non-MBSFN + colliding CRS

5) P_S1, MBSFN + colliding CRS

6) P_S2, MBSFN + colliding CRS

Regarding the TM3 Rank2 requirement, it was agreed that the further justification based on the system level simulation should be needed. But the test case number for TM3 rank2 would be the same as that for TM2, if the TM3 rank2 test was introduced. 

If the performance of P_S2 is different to Rel8/Rel9 UE, it seems that the total test case number mentioned above might be a little large for RAN4 test and maybe we would select some typical scenarios to fulfil the requirement. This topic discussion will depend on the further simulation results. TM3 rank2 has the similar requirements if it is necessary.
Proposal 3: The interference setting for P_S2 (P_CSI2) should be lower than fro P_S1 (P_CSI1). 
Proposal4: If the performance of P_S2 is similar to Rel8/Rel9 UE, it is unnecessary to set the corresponding test cases.
2.4 PDCCH/PCFICH Test
In this section, we provide the PDCCH simulation results in Figure 3~Figure 6 based on the latest discussed simulation assumptions in the e-mail reflector. The test cases for the colliding CRS and non-colliding CRS are investigated in under the assumptions listed in Appendix Table 6. In addition, Figure 3 (a) evaluates the influence of interference to PCFICH for the case with CCE=4/CFI=3. The interference cell SNR is 1dB, 5dB for P_S1 and 1dB, 3dB for P_S2 respectively. Table 3 and Table 4 summarize P_S1 and P_S2 SNR values where Pm-dsg 1% is achieved.
In Figure 3 (a), CFI =2(blue curves) means PCFICH need to be decoded and CFI =3 (red curves) means PCFICH decoding can be skipped. It can be observed that there is about 1.2dB performance loss at Pm-dsg 1% with 5dB interference SNR when PCFICH is decoded, so the CRS interference to PCFICH can’t be neglected.
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Figure 3 PCFICH/PDCCH simulation results for non-colliding CRS for P_S1
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(a)  CFI=2 4CCE                               (b) CFI=3 8CCE
Figure 4 PCFICH/PDCCH simulation results for colliding CRS for P_S1
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(a)  CFI=2 4CCE                               (b) CFI=3 8CCE
Figure 5 PCFICH/PDCCH simulation results for non-colliding CRS for P_S2
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(a)  CFI=2 4CCE                               (b) CFI=3 8CCE
Figure 6 PCFICH/PDCCH simulation results for colliding CRS for P_S2
Table 3: SNR Requirements for PDCCH Pm-dsg = 1% (P_S1)
	Pm-dsg = 1%
	CFI = 2,CCE=4 (with PCFICH decoding)
	CFI = 3,CCE=8 (without PCFICH decoding)

	No interference
	-2.78
	-5.37

	Interfering Cell SNR = 1 dB with non-colliding CRS
	-2.09
	-5.14

	Interfering Cell SNR = 1 dB with colliding CRS
	-2.55
	-4.95

	Interfering Cell SNR = 5 dB with non-colliding CRS
	-0.78
	-4.54

	Interfering Cell SNR = 5 dB with colliding CRS
	-1.81
	-4.00


Table 4: SNR Requirements for PDCCH Pm-dsg = 1% (P_S2)

	Pm-dsg = 1%
	CFI = 2,CCE=4 (with PCFICH decoding)
	CFI = 3,CCE=8 (without PCFICH decoding)

	No interference
	-2.78
	-5.37

	Interfering Cell SNR = 1 dB with non-colliding CRS
	0.45
	-2.39

	Interfering Cell SNR = 1 dB with colliding CRS
	0.51
	-1.9

	Interfering Cell SNR = 3 dB with non-colliding CRS
	1.71
	-1.10

	Interfering Cell SNR = 3 dB with colliding CRS
	2.02
	-0.75


In Table 3, the simulation results show that the case of colliding CRS performs better performance than non-colliding CRS in CFI=2, CCE=4 scenario. Although CRS colliding may reduce the performance of channel estimation to some extent, there is no other interference in PCFICH/PDCCH RE position. In case of non-colliding CRS, CRS interference from aggressor cell greatly influences the decoding of PCFICH and PDCCH, which results in a large performance degradation. As for CFI =3, CCE=8 scenario, we observe the opposite results. The increasing CCE and no PCFICH decoding help to decrease the influence of CRS interference, and the channel estimation becomes the main factor for performance degradation.
In Table 4, because both PCFICH/PDCCH RE and CRS are suffering from the interference from aggressor cell, the performance of PCFICH/PDCCH is seriously decreased. Since P_S2 is always scheduled in lower interference region, interference SNR level for P_S2 should be much lower than P_S1. The interference cell SNR of P_S1 and P_S2 is proposed to be set as 5dB and 1dB separately. 
Proposal 5: The interference cell SNR of P_S1 and P_S2 is proposed to be set as 5dB and 1dB separately.
2.5 CSI measurement consideration

In the restricted CSI measurement, it is known that two configured subframe subsets (P_S1 and P_S2) have different interference levels and CQI measurement should correctly reflect the time varying interference within two subsets. This can be accomplished by setting the different interference levels between P_S1 and P_S2 in CQI test. The interference levels between them should be large enough to distinguish their medium CQI values. Therefore, the measurement accuracy requirement can be defined as the different medium CQI values between P_S1 and P_S2. In addition, the BLER indicated by median CQI could be complemented to verify the adaptive CQI performance. Note that noise power would be estimated through CRS in R8/R9, non_colliding CRS scenario is proposed to assure the accuracy of CQI measurement. 

Proposal 6: CQI measurement requirement can be defined as the different medium CQI values between P_S1 and P_S2, the BLER indicated by median CQI could be complemented to verify the adaptive CQI performance. non_colliding CRS scenario is proposed to assure the accuracy of CQI measurement
3 Proposal
The proposed proposals in this contribution are summarized as below:
Proposal 1: 2/8 pattern maybe more appropriate for measurement requirements from the system point of view.

Proposal 2: The reasonable deployment of Pico might be near the edges of Macro cells, the value of SNR_Macro should be smaller than 6dB; it is proposed to use SIR to check the feasibility of interference level..
Proposal 3: The interference setting for P_S2 (P_CSI2) should be lower than fro P_S1 (P_CSI1). 
Proposal4: If the performance of P_S2 is similar to Rel8/Rel9 UE, it is unnecessary to set the corresponding test cases.
Proposal 5: In PDCCH/PCFICH test, the interference cell SNR of P_S1 and P_S2 is proposed to be set as 5dB and 1dB separately.
Proposal 6: CQI measurement requirement can be defined as the different medium CQI values between P_S1 and P_S2, the BLER indicated by median CQI could be complemented to verify the adaptive CQI performance. non_colliding CRS scenario is proposed to assure the accuracy of CQI measurement.
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5 Appendix
Table 5: System level simulation assumptions
	Parameter
	Value

	Hotspot configuration
	#4b with 4 Pico nodes per Macro area

	PCI
	Random, i.e. no planning

	ISD
	500 m (Case 1)

	Maximum eNB transmit power
	Macro: 46 dBm; Pico: 24 dBm

	Network synchronization
	Frame-aligned

	System bandwidth
	10 MHz

	Measurement bandwidth
	6 RBs, 50 RBs

	Carrier frequency
	2 GHz

	Cyclic prefix
	Normal

	Channel model, UE speed
	ETU, 3 km/h

	Number of TX ( RX antennas
	Macro 2 ( 2, Pico 2 ( 2

	Antenna configuration

· Macro
· Pico
· UE
	· [TS 36.814], 10( tilt (Case 1), 6( tilt (Case 3)

· [TS 36.814], omni, 5 dBi

· [TS 36.814], omni, 0 dBi

	ABS pattern
	FDD: [ 10000000, … ], [ 11000000, … ]

	Max cell selection offset
	6 dB

	UE receiver
	Rel-8/9 baseline

	Traffic
	Full buffer


Table 6: Link level simulation assumptions for PCFICH/PDCCH

	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 victim 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 

Scenario 2: 1 dB, 3 dB, 5 dB, 7 dB

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

	Inter cell interference
	Explicitly modeled 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

	Scenario 2

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

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

ABS bitmap in the interfering cell:

[00000000] for non-MBSFN ABS

[0000000000] for MBSFN ABS

	Note 1: The ABS and scheduling patterns above are used for simulation purposes only. The patterns to be defined for the demod tests are FFS.

Note 2: It is left to each company to choose the simulation scenarios according to their preference and simulation capability.

Note3: The purpose of the simulation campaign is to compare PDCCH performance. Priority is on scenario 1.

Note 4: The interfering cell SNR values require further verification for the definition of the test cases.


