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1 Introduction
In RAN4 2010#4 ad hoc meeting, the way forward on RAN4 eICIC RLM/RRM framework was proposed [1]. And many aspects on this topic, including RLM/RRM scope and performance, RRC_IDLE requirements, the effects of demodulation and CSI performance on RLM/RRM and etc., were discussed online and in email-reflector.  The effects of the demodulation performance and resource-specific CSI measurement should not be neglected, which would influence and limit the ABS patterns in the test case for RLM/RRM measurement. 
In this contribution, we will analyze these effects and share our views with RAN4 group.
2 Discussion on ABS patterns
2.1 Limit on ABS patterns due to paging and SIB-1 transmission
In the Macro to Pico case, all the subframes of Pico cell could be used by the UEs near the Pico centre, and the interference level of Macro would be moderate compared to the strong signal level. For those UEs, whether ABS subframes are configured in macro cell and what are transmitted in macro cell would not be so important. But for UEs near the edges of Pico in the case of large RE bias, the interference from Macro would be harsh and the ABS subframes would be demanding. In that case, if there were the paging information or SIB-1 in these macro ABS subframes, the PDCCH performance of the victim UEs would suffered significantly from the residual PDCCH for paging and SIB-1. 
According to our simulation results, with paging/SIB-1 transmission in ABS subframe in the macro cell, even with macro-cell-CRS-collided RE discarding (or LLR nulling), the loss on PCFICH/PDCCH performance in the pico cell might still be unacceptable for some cases. The simulation assumptions are given in the Annex A. One 8CCE PDCCH aggressor is modelled to imitate the PDCCH payload for ABS subframes with paging or SIB-1 information. As shown in Figure 1, when the interference comes only from CRS within the ABS subframes, the discarding will improve the PCFICH/PDCCH performance greatly. But as given in Figure 2, with interference from PDCCH masked with P-RNTI/SI-RNTI, the PCIFCH/PDCCH performance degrades much even using discarding. When the interference level is greater than 9dB, the PCFICH/PDCCH performance is intolerable. The reason behind this would be that besides the interference introduced by the aggressor cell’s CRS to PDCCH, about 20% resource elements (RE) of one PDCCH in 10MHz in the victim cell is assumed to suffer interference from the aggressor cell control channels for paging/SIB-1 transmission. Therefore, we can conclude that:
Observation 1: With larger CRE, configuring subframes for the transmission of paging and SIB-1 as the ABS in the aggressor cell is not so helpful to mitigate the interference to the victim cell.
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Figure 1 PCFICH/PDCCH performance when the interference comes only from CRS in the ABS subframes
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Figure 2 PCFICH/PDCCH performance when the paging or SIB-1 is transmitted in the ABS subframes

Moreover, as shown in Figure 2, if Rel-9 receiver were used, i.e., without discarding, then the PDCCH performance would degrade greatly even when the CRE is relatively small. Therefore, with larger CRE, configuring subframes for the transmission of paging and SIB-1 as the ABS in the aggressor cell is not so helpful to mitigate the interference to the victim cell.
On the other hand, considering the reliability of victim PHICH, the configuration of almost blank subframe in the macro cell may be aligned with UL HARQ timing and conflict with the subframes for the transmission of paging and SIB1 sometimes.
Proposal 1: Subframes for the transmission of paging (at least subframe #9 for FDD and subframe #0 for TDD) and SIB-1 (subframe #5 at even frames) are not suggested to be configured as macro ABS in RAN4 test case. Otherwise, large RE should not be applied in the test case.
For FDD, thanks to subframe shifting, the important information such as paging from Pico to UEs would avoid the collision with Macro paging or SIB-1. But for TDD, that would cause some problem if proposal1 was accepted.
2.2 Resource-specific CSI when ABS subframes are configured
The mis-match between CSI feedback and actual PDSCH performance in ABS subframe exists if the CSI measurement of Rel-10 UE was based on averaging cross normal and ABS subframes. In addition, if such CSI was used for PDCCH CCE level adjustment, then that CCE level would be too large and cause the PDCCH resource waste if that UE was configured to ABS subframes or would incur large error if that UE was configured to normal subframes. And the PDCCH resource waste would cause the impairment to system capacity. Figure 2 showed the geometry of all Pico’s UE with average over all subframes and only ABS subframes. The simulation assumptions are included in Annex B. From this figure, we can see that even in the centre of Pico cell the geometry distributions calculated by averaging cross normal subframes and ABS subframes deviate largely from that calculated based on ABS subframes, which means that even in the pico cell center Rel-10 UEs should use the resource-specific CSI measurement, otherwise UEs would underestimate the CSI which would cause the unnecessary waste of PDCCH resources and the degradation of PDSCH performance.
Even some methods could be used on eNB side to alleviate the effect of such mis-match. That might make the eNB too complex. And for some important DL data, such as paging and SIB messages, which would not be retransmitted, it might be difficult to compensate the mis-match effectively. 
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Figure 2 Geometry distributions for the UEs within Pico cell: blue one corresponds to the averaging geometry, and green one is the geometry calculated only based on ABS subframes. And RE is equal to 0dB. Note: in this figure, all Macros are assumed to have the same ABS pattern and TDM: 2/5 muting.
Proposal 2: As long as there were ABS configured in Macro to Pico scenarios, Rel-10 UE in Pico cell need use resource-specific CSI.
3 Conclusions
In this contribution, we analyze the effect of demodulation and CSI performance on ABS pattern design. The conclusions are as following.
From the control channel link level simulation, we observe that

·     Observation 1: With larger CRE subframe #0 and subframe #5 are not suggested to be configured as the ABS subframes.
Therefore we propose that

·     Proposal 1: Subframes for the transmission of paging (at least subframe #9 for FDD and subframe #0 for TDD) and SIB-1 (subframe #5 at even frames) are not suggested to be configured as the macro ABS in RAN4 test case. Otherwise, large RE should not be applied in the test case.
In order to make sure that Rel-10 HetNet work well without performance loss and PDCCH resource bottleneck for system capacity, we propose that

·     Proposal 2: As long as there were ABS configured in Macro to Pico scenarios, Rel-10 UE in Pico cell should use resource-specific CSI.
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5 Annex A

Table 1 Link level simulation assumptions for PDCCH performance
	Simulation parameters
	Value

	TX ports
	2

	Channel bandwidth
	10MHz

	Control region size for the victim cell
	3 symbols

	Aggregation level
	8 CCE

	DCI format
	Format 1

	FDD payload (w/o CRC)
	31 bits

	Channel coding
	1/3 rate TBCC with rate matching

	Physical channel processing
	According to Sections 6.7 and 6.8 of 36.211

	PHICH duration
	Normal, that is only the first OFDM symbol is allocated to PHICH 

	Number of PHICH groups
	Ng=1

	Cyclic prefix
	Normal

	Scheduling rate
	Ten subframes per radio frame (all subframes occupied)

	Channel model
	EPA

	Channel estimation
	Wiener channel estimation


6 Annex B
Table 2. Downlink data simulation assumptions of Macro-Pico scenario

	Parameters
	Assumption

	Scenario
	Case1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Deployment 
	Macro Cell:

46dBm TX power, 19 X 3 homogeneous network, 10MHz bandwidth.

Pico:

30dBm TX power, 4 Picos per Macro Cell. Min distance between Pico and Macro is 75m; Min distance between Picos is 40m

UE:

Configuration 1: 25UEs, randomly and uniformly dropped in Macro area.

	Bandwidth (MHz)
	Macro 10MHz, Pico 10MHz, the bandwidth overlapped with each other.

	Path-loss model
	Model 2 ( Referring to the Table A.2.1.1.2-3 in TR36.814)

	Antenna configuration
	Macro Cell:

2TX, Directional (3-sector), 14dBi antenna gain

Pico:

2TX, Omni-directional, 5dBi antenna gain

UE:

2RX, Omni-directional, 0dBi antenna gain

	Cell selection
	RSRP (for no CRE cases), or RSRP with CRE

	Scheduler
	PF






































