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1 Introduction

In the previous RAN4 meetings, there were a number of contributions to the framework for FeICIC demodulation and CSI requirements. Based on the contributions especially in the last meeting, we provide our view on the framework in this paper.
In this paper, we would like to discuss the following topics: 

· Test purpose: is the test purpose to verify whether FeICIC capable UE should cancel the N strong interference?

· Interference model: explicitly modelled interferer number, interference levels (the methodology to determine the interference levels will be discussed in the accompanied paper), CRS colliding or non-colliding, MBSFN-ABS or non-MBSFN ABS and etc.
· Test parameters and assumptions for different physical channels: transmission modes for PDSCH, CRS port number, test bandwidth, reference equalizer, propagation conditions, ABS pattern, PDCCH/PCFICH symbol number, delay between Pico cell and Macro cells, and SFN synchronization assumption for PBCH requirements.
2 Test purpose
In Rel-10, there are clearly defined test purposes for each demodulation requirement, which either verifies the specific feature/technique (e.g., the purpose is to verify the performance of transmit diversity with 2 transmitter antennas) or verifies the performance under specific scenario (e.g., for eICIC TM2 test, the test purpose is to verify the performance of transmit diversity with 2 transmit antennas if the PDSCH transmission in the serving cell takes place in subframes that overlap with ABS of the aggressor cell). 
Likely when the framework of FeICIC was discussed, it would be better to make the test purpose clear firstly, because the choice of other simulation assumptions would depend on the test purpose, e.g., the interference model. Otherwise, it would be difficult for RAN4 to decide the interference levels, which are the key parameters for FeICIC.
In [3] of the last meeting, it was proposed to define demodulation and CSI requirements/tests such that UEs with good and bad CRS handling are clearly differentiated. It was also proposed that the number of aggressors to be explicitly modelled and whose CRS interference to be handled by UE should be N=2. In [4], it was proposed that only the performance of PDCCH/PCFICH, PDSCH and PHICH transmitted on ABS-protected subframes is verified.

From the aspects of demodulation performance and CSI requirements, the main differences between FeICIC and eICIC are the harsh interference scenario cause by larger CRE bias and UE capability of CRS handling to deal with CRS interference in ABS. Following the proposals in [3] and [4], the principle test purpose of FeICIC demodulation and CSI is to verify the UE performance of CRS handling in the subframes of the serving cell overlapping with aggressor cells ABS.
The following issue may be more controversial, i.e., whether UE should be required to cancel one interference (i.e., the strongest one) or two strongest ones. And this question would be linked to the assumption of interference levels. Modelling two strong interferences favours the UE who can cancel two strong aggressor cells, while modelling a strong interference together with a much weaker one might allow UE who can only cancel one aggressor cell to pass the test for PDSCH as shown in [2, 9].
In our accompanied paper [11], the joint distribution of the interference levels is used. It can be observed that the interference level of the second strongest aggressor cell (i.e., EI2/Noc2) will decrease with the increasing interference level of the strongest aggressor cell (i.e., EI1/Noc2), given the certain values of Es/Iot and Es/Noc2. And for both the scenario with two strong interference levels and the scenario with a strong one and a weak one, the resulted marginal CDF of P(EI1/Noc2, EI2/Noc2) conditioned on the given Es/Iot could approach 50%.
In order to achieve the system gain brought by 9dB bias in a robust way, it would be better for UE to cancel more strong interferences. And according to the study in [11], we propose that FeICIC capable UE should cancel two strong interferences.
· Proposal 1: The test purposes of FeICIC demodulation tests are to verify the performance of CRS-handling in the subframes of serving cell that overlap with ABS of aggressor cell, where UE should cancel at least two interferences;

· Proposal 2:  The test purposes of FeICIC CSI tests are to verify the CSI reporting with CRS-handling in the subframes of serving cell that overlap with both ABS and non-ABS of aggressor cell, where UE should cancel at least two interferences;
3 Interference model
3.1 Modelled interference number and interference level
According the contributions in the last meeting, the modelled interference number N=2 was proposed in [2, 3, 6]. And the simulation results assuming N=2 was provided in [5, 8]. 
Regarding the interference levels, it was proposed in [3] that the set of EI/Noc1-s of the first and second aggressor are (14dB, 12dB) for PDSCH and (6dB, 4dB) for PDCCH/PHICH. It was proposed to use the interference to signal ratio, i.e., ISR, to define the interference levels ([9, 6]dB and [9, 3]dB) in [8]. In [2, 5] a strong interference and a weak one were modelled and assumed, e.g., (EI1/Noc2, EI2/Noc2) = (9dB, 1dB) for PDSCH. But in that case, cancelling two interferences provides marginal gain over cancelling one when serving cell SNR is relative high [2].
We agree with N=2. According to Proposal 1 and Proposal 2 above, we prefer to define two strong interferences.
· Proposal 3: Two aggressor cells with two strong interference levels are assumed for FeICIC demodulation and CSI requirements.

The criterion for two strong interference levels is that there should be a significant gain of cancelling two interferences over cancelling one for the setting of EI1/Noc2 and EI2/Noc2. The methodology to achieve the interference levels and the proposed interference levels are given in [11].
3.2 CRS configuration
The other important assumption is whether colliding CRS or non-colliding CRS are configured between Pico cell and Macro cells. Assuming that there are two strong aggressor cells, the possible CRS configurations are listed in Table 1.

Table 1: Possible CRS configurations for FeICIC [8]
	Case #
	Descriptions
	Cell ID (example)

	
	
	S
	SI
	WI

	Case 1
	 [(S,SI), (S,WI), (SI, WI)] = [C, C, C]
	1
	7
	13

	Case 2
	 [(S,SI), (S,WI), (SI, WI)] = [N, N, C]
	1
	2
	8

	Case 3
	 [(S,SI), (S,WI), (SI, WI)] = [N, N, N]
	1
	2
	3

	Case 4
	 [(S,SI), (S,WI), (SI, WI)] = [C, N, N]
	1
	7
	2

	Case 5
	[(S,SI), (S,WI), (SI, WI)] = [N, C, N]
	1
	2
	7

	“C”: CRS collision; “N”: CRS non-collision; “S”: Serving cell; 

“SI”: Stronger Interferer; “WI”: Weaker Interferer.


In [3] the first aggressor with colliding CRS and the second aggressor with non-colliding CRS were assumed. In [4] it was proposed that both colliding CRS and non-colliding CRS were configured, and CSI test for colliding CRS case shall be introduced and CSI test for non-colliding CRS case is FFS. And according to RRM discussion in the last meeting, the company also propose the assumption of the first aggressor with non-colliding CRS and the second one with colliding CRS.
The CRS configuration assumptions will impact the UE implementations and performances. The CRS colliding case fails the puncturing receiver and requires the serial CRS-cancelling to achieve the good channel estimation and other measurements for the serving cell, which needs the relatively long processing time. On the contrary, the CRS non-colliding case allows the UE to cancel the interferences parallel and makes the puncturing receiver feasible. From the implementation aspect, Case 1 is more demanding. From the performance point of view, the performance at high serving cell SNR is more sensitive to the data region interference from the aggressor cells although the interference level is relatively low.

The concern on Case 1 is that it happens less frequently unless the stringent PCI planning is employed. Case 2 would favour the puncturing receiver, which means that Case 2 only could not verify CRS cancelling performance. In order to reduce the test case number and cover the more possible network deployments, Case 4 or Case 5 would be the reasonable choice. Therefore we propose that
· Proposal 4: Set one interference cell as CRS-colliding and another CRS-non-colliding.
And we prefers to Case 4 since it is more suitable to verify the CRS cancelling capability. But for the further study, we propose to narrow down to Case 4 and Case 5.
3.3 MBSFN-ABS or non-MBSFN-ABS
In [3] it was proposed to define demodulation and CSI requirements/tests only for non-MBSFN ABS as much as possible. The purpose is to reduce test case number and the reason is that with CRS-handling the performance difference between MBSFN-ABS case and non-MBSFN ABS case should be small. And in [2, 5, 8] non-MBSFN ABS was assumed for the simulation. In [4] it was proposed that both MBSFN and non-MBSFN ABS should be considered. 
Since there is a signalling to inform UE the MBSFN subframe list, i.e., mbsfn-SubframeConfigList-r11, UE will not be required to detect by itself whether the certain ABS is MBSFN ABS or non-MBSFN ABS. It is not expected that UE will mistake MBSFN-ABS for non-MBSFN ABS or vice versa, and thus have the performance degradation by cancelling the interference not existing or not fully cancelling CRS.
Therefore we propose that:

· Proposal 5: define demodulation and CSI requirements only for non-MBSFN ABS.
3.4 Interference channel and signal modelling
In [4] it was proposed that PSS/SSS/PBCH/SIB-1 shall be explicitly modelled in the aggressor cells for demodulation due to the purpose to align the test environment with the practical network and the purpose to implicitly verify the synchronization acquisition and PBCH-IC. 
PSS/SSS should be modelled for cell identification. PBCH should be modelled for PBCH-IC performance requirements. But it would be not clear whether SIB-1 should be modelled since subframe #5 is not scheduled during the test and SIB-1 transmission in the aggressor cell could not interfere the receiving of serving cell. For the simulation, it would not be necessary to model SIB-1. But if there is no complexity issue for modelling SIB-1 for test equipment vendor, it would be OK to transmit SIB-1 during the test.
For the other channels and signals, it is suggested to follow the assumptions specified in Rel-10.

· Proposal 6: PSS/SSS and PBCH can be modelled for both requirements and tests. But SIB-1 is suggested not to be modelled for the simulation but could be transmitted during the test. The other channel and signal transmissions in both ABS and non-ABS follow those specified in Rel-10.
4 Test parameters and assumptions for different physical channels
4.1 Test parameters for PDSCH
The proposed test parameters for FeICIC PDSCH performance requirements are given in Table 2, including the interference model discussed in the previous sections.
Table 2: Test parameters for FeICIC PDSCH demodulation requirements

	Parameters
	Values and Notes

	Interference model
	· N = 2, two strong interference such that a significant gain of cancelling two interference over cancelling one can be observed;
· CRS configuration: 

· Option 1: 1st aggressor with colliding CRS; 2nd with non-collding CRS;

· Option 2: 1st aggressor with non-colliding CRS; 2nd with collding CRS;

· Subframe configuration: non-MBSFN ABS;
· Modeled channel and signals for aggressor cells: 

· in ABS, CRS, PSS/SSS, and PBCH are transmitted;

· in non-ABS, CRS, PSS/SSS, PBCH, PDSCH with a certain OCNG pattern and the correponding PDCCH/PCFICH, and PHICH are transmitted.

	Noise floors
	Two Noc levels

	Transmission mode and MCS
	· TM2 with QPSK;
· TM3 with 16QAM;

· [TM4 with 16QAM];

	FRC
	TBD

	Number of CRS ports
	2 CRS ports for both Pico cells and two Macro cells

	Test Bandwidth
	10 MHz for both serving cell and aggressor cells

	Reference equalizer
	· MMSE

· MMSE-IRC

	Propagation conditions
	Combinations of EVA and EPA; ETU should be considered

	Correlation matrix and antenna configuration
	· TM2: 2×2 Medium;

· TM3: 2×2 Low

	PDCCH symbol number
	2 (normal PHICH duration)

	Delay between cells
	· Option 1: 2.5μs delay for both Macro cells with respect to Pico cell signal;
· Option 2: 1.2μs (1/4 CP length) for 1st Macro cell and 2.5μs (1/2 CP length) for 2nd Macro cell with respect to Pico cell signal.

	ABS pattern
	1/8 pattern for FDD and 1/10 pattern for TDD without SIB-1 protection

	CSI subframe Sets
	CCSI,0 and CCSI,1 are complementary to each other

	OCNG Pattern for PDSCH
	OP.1 FDD and OP.1 TDD

	Cyclic prefix
	Normal

	Tx EVM
	6%

	Test Metric
	[70%] relative throughput

	UE category
	2-8


Following the similar way in Rel-10, the two Noc levels are suggested to verify the UE demodulation performance under the uneven noise floors, which would happen frequently when common ABS pattern is used among most macro cells. Except for TM2 and TM3, TM4 is also suggested to be evaluated since TM4 would be used and the performance of PMI prediction and close-loop MIMO by using CRS handling should be verified.
The CRS port number and bandwidth is related to the UE implementation complexity. Four CRS ports and 20MHz bandwidth seems to be over-demanding. So it is proposed to follow the parameters in Rel-10.
In [4] it was proposed that MMSE-IRC receiver will be studied as the equalizer for FeICIC demodulation performance requirements, because UE do not know in which subframe the MMSE-IRC receiver should be used and if MMSE-IRC was used in ABS directly then the performance loss would expected. Besides the CSI performances especially BLER and delta-CQI in non-ABS by using MMSE-IRC receiver would be different from MMSE receiver. Like what RAN4 did before, RAN4 should consider that the advanced receiver should not be punished by each requirement.
Regarding the propagation conditions, one straight forward way is to follow the Rel-10 channel model configuration. But firstly because in real network ETU would be suitable modeling Macro cell channel and secondly long delay spread may impact the orthogonality between Pico cell signal and Macro cell one, it is suggested to take ETU as the propagation conditions of aggressor cell too.
For delay between cells, it was specified to be equal to 1/2 CP in Rel-10. For FeICIC, two options are proposed in this contribution as shown in Table2. Option 2 would be moderate while Option 1 would be challenging.

Regarding the test metric, it was proposed in [5] to use 30% relative throughput as test metric. More study will be needed. But currently according to our simulation results, we still prefer to reuse 70% relative throughput.

For PDCCH symbol number, two symbols were proposed in [3]. We agree with that. Regarding ABS pattern, it was proposed in [4] to use 1/8 pattern for FDD and 1/10 pattern for TDD without SIB-1 protection. In our opinion, it is acceptable. But for the detailed pattern, it is FFS. And the other parameters follow those defined in Rel-10.
· Proposal 7: the parameters in Table 2 is suggested for the study of FeICIC PDSCH performance requirements.
4.2 Test parameters for PDCCH/PCFICH and PHICH
The proposed test parameters for FeICIC PDCCH/PCFICH performance requirements are given in Table 3. And the proposed test parameters for FeICIC PHICH performance requirements are given in Table 4

Table 3: Test parameters for FeICIC PDCCH/PCFICH demodulation requirements

	Parameters
	Values and Notes

	Interference model
	· N = 2, two strong interference such that a significant gain of cancelling two interference over cancelling one can be observed;

· CRS configuration: 

· Option 1: 1st aggressor with colliding CRS; 2nd with non-collding CRS;

· Option 2: 1st aggressor with non-colliding CRS; 2nd with collding CRS;

· Subframe configuration: non-MBSFN ABS;

· Modeled channel and signals for aggressor cells: 
· in ABS, CRS, PSS/SSS, and PBCH are transmitted;

· in non-ABS, CRS, PSS/SSS, PBCH, PDSCH with a certain OCNG pattern and the correponding PDCCH/PCFICH, and PHICH are transmitted.

	Noise floors
	Two Noc levels

	FRC
	· Option 1: 8CCE Format 1;
· Option 2: 4CCE Format 2;

	PDCCH symbol number
	2 (normal PHICH duration)

	Number of CRS ports
	2 CRS ports for both Pico cells and two Macro cells

	Correlation matrix and antenna configuration
	2×2 Low

	Test Bandwidth
	10 MHz for both serving cell and aggressor cells

	Reference equalizer
	MMSE or MRC

	Propagation conditions
	· EVA5 for both serving cell and aggressor cells;
· Other combinations;

	Delay between cells
	· Option 1: 2.5μs delay for both Macro cells with respect to Pico cell signal;

· Option 2: 1.2μs (1/4 CP length) for 1st Macro cell and 2.5μs (1/2 CP length) for 2nd Macro cell with respect to Pico cell signal.

	ABS pattern
	1/8 pattern for FDD and 1/10 pattern for TDD without SIB-1 protection

	CSI subframe Sets
	CCSI,0 and CCSI,1 are complementary to each other

	OCNG Pattern for PDSCH
	OP.1 FDD and OP.1 TDD

	Unused RE-s and PRB-s
	OCNG

	Number of PHICH groups
	1

	Cyclic prefix
	Normal

	Tx EVM
	6%

	Test Metric
	1% BLER


Table 4: Test parameters for FeICIC PHICH demodulation requirements

	Parameters
	Values and Notes

	Interference model
	· N = 2, two strong interference such that a significant gain of cancelling two interference over cancelling one can be observed;

· CRS configuration: 

· Option 1: 1st aggressor with colliding CRS; 2nd with non-collding CRS;

· Option 2: 1st aggressor with non-colliding CRS; 2nd with collding CRS;

· Subframe configuration: non-MBSFN ABS;

· Modeled channel and signals for aggressor cells: 

· in ABS, CRS, PSS/SSS, and PBCH are transmitted;

· in non-ABS, CRS, PSS/SSS, PBCH, PDSCH with a certain OCNG pattern and the correponding PDCCH/PCFICH, and PHICH are transmitted.

	Noise floors
	Two Noc levels

	FRC
	R.19

	Number of PHICH groups
	1

	PDCCH symbol number
	2 (normal PHICH duration)

	Number of CRS ports
	2 CRS ports for both Pico cells and two Macro cells

	Correlation matrix and antenna configuration
	2×2 Low

	Test Bandwidth
	10 MHz for both serving cell and aggressor cells

	Reference equalizer
	MMSE or MRC

	Propagation conditions
	· EPA5 for both serving cell and aggressor cells;

· Other combinations;

	Delay between cells
	· Option 1: 2.5μs delay for both Macro cells with respect to Pico cell signal;

· Option 2: 1.2μs (1/4 CP length) for 1st Macro cell and 2.5μs (1/2 CP length) for 2nd Macro cell with respect to Pico cell signal.

	ABS pattern
	1/8 pattern for FDD and 1/10 pattern for TDD without SIB-1 protection

	CSI subframe Sets
	CCSI,0 and CCSI,1 are complementary to each other

	OCNG Pattern for PDSCH
	OP.1 FDD and OP.1 TDD

	Unused RE-s and PRB-s
	OCNG

	Cyclic prefix
	Normal

	Tx EVM
	6%

	Test Metric
	0.1% BLER


Most parameters are the same as those for PDSCH except for some ones. For PDCCH/PCFICH performance requirements, both 8CCE and 4CCE would need to be studied. Therefore we propose that
· Proposal 8: it is suggested to use the test parameters given in Table 3 and Table 4 for PDCCH/PCFICH and PHICH performance requirements respectively.
4.3 Test parameters for PBCH
The proposed test parameters for FeICIC PBCH performance requirements are given in Table 5. Part of parameters is from [10], e.g., propagation conditions for aggressor cells and from the existing TS36.101 PBCH performance requirements.  But it is proposed to use 10MHz instead of 1.4MHz for the simulation to align the interference model for PBCH with those for other channels.
Table 5: Test parameters for FeICIC PBCH demodulation requirements

	Parameters
	Values and Notes

	Interference model
	· N = 2, two strong interference such that a significant gain of cancelling two interference over cancelling one can be observed;

· CRS configuration: 

· Option 1: 1st aggressor with colliding CRS; 2nd with non-collding CRS;

· Option 2: 1st aggressor with non-colliding CRS; 2nd with collding CRS;

· Subframe configuration: non-MBSFN ABS;

· Modeled channel and signals for aggressor cells: 

· in ABS, CRS, PSS/SSS, and PBCH are transmitted;

· in non-ABS, CRS, PSS/SSS, PBCH, PDSCH with a certain OCNG pattern and the correponding PDCCH/PCFICH, and PHICH are transmitted.

	SFN synchronization
	· Baseline: SFN synchronization between serving cell and aggressor cells;
· Non-SFN sync requirements are under further study.

	Noise floors
	Two Noc levels

	FRC
	R.22

	PDCCH symbol number
	2 (normal PHICH duration)

	Number of CRS ports
	2 CRS ports for both Pico cells and two Macro cells

	Correlation matrix and antenna configuration
	2×2 Low

	Test Bandwidth
	[10 MHz]

	Reference equalizer
	MMSE or MRC

	Propagation conditions
	· EPA5 for both serving cell and [ETU 30Hz] for aggressor cells;

· Other combinations;

	Delay between cells
	· Option 1: 2.5μs delay for both Macro cells with respect to Pico cell signal;

· Option 2: 1.2μs (1/4 CP length) for 1st Macro cell and 2.5μs (1/2 CP length) for 2nd Macro cell with respect to Pico cell signal.

	Unused RE-s and PRB-s
	OCNG

	Cyclic prefix
	Normal

	Tx EVM
	6%

	Test Metric
	1% BLER


The important parameter for FeICIC PBCH performance requirement is whether SFN is assumed synchronized or not. According to online way forward in RAN4 #64 meeting, i.e., PBCH performance requirements will be defined under the assumption of SFN-sync; RAN4 is still discussing the detailed conditions; non-SFN sync requirements are under further study, it is suggested to assume that SFN synchronization is baseline.
Therefore we propose that:
· Proposal 9: it is suggested to use the test parameters given in Table 5 for PBCH performance requirements.
4.4 CSI test
In [3] it was proposed that CQI reporting under fading conditions, PUSCH 3-0, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD) and RI reporting test, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD). In [4] it was proposed that 1) CSI test for colliding CRS case shall be introduced, and CSI test for non-colliding CRS case is FFS; 2) Only one aggressor cell is explicitly modelled in CSI test; 3) One Noc level for all the OFDM symbols in ABS protected subframe is preferred. Given that, BLER criterion is introduced for ABS protected subframes.

There are mainly three issues to be discussed:
· What test cases should be defined for FeICIC CSI;

· The noise floor: one Noc or two Noc levels;
· Interference model.

PUSCH 3-X is an important feedback mode. So it is reasonable to define the requirements for PUSCH 3-X under fading propagation conditions. But since the new function of CRS-handling was introduced, it would be better to check the CQI definition performance. And moreover, in Rel-8 the CQI thresholds were aligned between companies before defining RI test. Therefore we propose that:
·  Proposal 10: it is proposed to study CQI definition test, aperiodic CQI test under fading channel and RI test for FeICIC CSI requirements.
From the experience in Rel-10 eICIC, one Noc level would be helpful for aligning the simulation results and specifying the CSI requirements. But firstly it is not aligned with the setting in demodulation performance and secondly in the practical network two Noc levels would exist if common ABS patterns were configured. Therefore we still prefer to two Noc level.
Regarding the interference model, we propose to align it with that in demodulation. Otherwise the requirements between the demodulation and CSI measurement for CRS-handling will be inconsistent, which will impact the link adaptation performance. Therefore we propose that:

· Proposal 11:  Two strong interferences should be modelled, which is aligned with the interference model defined for demodulation performance.
5 Conclusion
In this paper, we try to discuss the test framework for FeICIC demodulation and CSI requirements based on the contributions from companies in the last meeting. And we discuss the test parameters for FeICIC demodulation requirements in details. The proposals are summarized as follows.
· Proposal 1: The test purposes of FeICIC demodulation tests are to verify the performance of CRS-handling in the subframes of serving cell that overlap with ABS of aggressor cell, where UE should cancel at least two interferences;

· Proposal 2:  The test purposes of FeICIC CSI tests are to verify the CSI reporting with CRS-handling in the subframes of serving cell that overlap with both ABS and non-ABS of aggressor cell, where UE should cancel at least two interferences;
· Proposal 3: Two aggressor cells with two strong interference levels are assumed for FeICIC demodulation and CSI requirements.

· Proposal 4: Set one interference cell as CRS-colliding and another CRS-non-colliding.

· Proposal 5: define demodulation and CSI requirements only for non-MBSFN ABS.
· Proposal 6: PSS/SSS and PBCH can be modelled for both requirements and tests. But SIB-1 is suggested not to be modelled for the simulation but could be transmitted during the test. The other channel and signal transmissions in both ABS and non-ABS follow those specified in Rel-10.
· Proposal 7: the parameters in Table 2 is suggested for the study of FeICIC PDSCH performance requirements.
· Proposal 8: it is suggested to use the test parameters given in Table 3 and Table 4 for PDCCH/PCFICH and PHICH performance requirements respectively.
· Proposal 9: it is suggested to use the test parameters given in Table 5 for PBCH performance requirements.
· Proposal 10: it is proposed to study CQI definition test, aperiodic CQI test under fading channel and RI test for FeICIC CSI requirements.
· Proposal 11:  Two strong interferences should be modelled, which is aligned with the interference model defined for demodulation performance.
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