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1. Introduction
Heterogeneous networks with eICIC enable UEs to maintain reliable connections with a serving cell under strong interference from other cells. The main technique to enable this reliable communication is the use of ABS and/or MBSFN subframes, where DL data transmission from the interfering cell is avoided. In RAN4 #58, a way forward on demodulation and CSI feedback requirements for eICIC was agreed [1]:
· The verification scenarios do not need to include carrier aggregation or eDL-MIMO. 
· UE demod performance should be verified over both subsets of subframes signaled for CSI restriction.
In [3] and [4] a framework for the demodulation requirements has been suggested. In this contribution, we provide additional details and suggest test cases for transmission modes 1 and 3.

2. Discussion
In Rel-8/9, UE demodulation and CSI performance tests already provide sufficient coverage for all transmission modes and physical channels. For eICIC, only incremental performance aspects need to be further verified. This means:
· It has to be ensured that UEs properly handle the large interference variation across subframes in terms of both demod requirements and CSI feedback accuracy.

· It has to be ensured that the UEs properly handle the residual interference in regular ABS and/or MBSFN-ABS subframes of the interfering cell.
2.1. Agreed Working Assumptions

Several assumptions for eICIC demodulation requirements have already been defined and agreed in [1] and [2]. These include:

· Assumption 1: The verification scenario should include one interfering cell applying ABS subframes. Multiple interfering cells could be considered at a later stage.   

· Assumption 2: UE demodulation performance should be verified over both subsets of subframes signaled for CSI measurements

· Assumption 3: The verification scenarios do not need to include carrier aggregation (CA) and/or eDL-MIMO, since initial deployment of eICIC is not necessarily coupled with CA and eDL-MIMO.
2.2. Additional Working Assumptions

In [3] and [4] we proposed additional working assumptions for the design of the initial Rel-10 eICIC demodulation requirements, which are summarized here again. Further extensions are not precluded in later phases.
·  Proposal 1: Both transmission modes TM 1 (single antenna port) and TM 3 should be included. 
· Simulation results for TM 3 to verify that this transmission mode can outperform TM 1 in a harsh interference scenario when applying eICIC are included in the appendix of this contribution.
· Proposal 2: Verification scenarios should use non-colliding RS in non-MBSFN ABS subframes. 
· This is in line with the simulation assumptions in [5], [6], [7]. For MBSFN ABS subframes colliding RS should be used.
· Proposal 3: Initial requirements should be defined for UE categories 2 – 5 for 10 MHz.
· Proposal 4: The demodulation performance should be verified for PDSCH, PDCCH, PCFICH and PHICH.

· PBCH Rel-9 performance is expected to be acceptable in the most common scenarios of interest, where the bias between the serving and the interfering cell is limited as in [5], [6], [7]. In this contribution we propose test cases for PDSCH.
· Proposal 5: Additionally, the UE demodulation performance over subframes of unknown interference pattern should be verified. 

· Proposal 6: The SNR of the single interfering cell should be set to high values in order to reflect harsh interference from an adjacent cell, e.g. to 15 dB.

3. PDSCH Test Cases for Transmission Modes 1 and 3
The purpose of these test cases is to verify PDSCH demodulation performance for eICIC with one interfering cell both for single layer as well as for dual layer transmission. In this contribution we propose test cases for FDD with non-MBSFN ABS subframes.
3.1. Discussion

RAN1 defined in [10] two bitmaps for TDM pattern exchange between two nodes: One bitmap indicates the ABS subframes, the second one indicates a subset of subframes indicated by the first bitmap for restricted RLM/RRM measurements. This RLM/RRM bitmap is known to the UE by RRC signalling and expected to change at a very slow time scale. The true ABS pattern is unknown to the UE and expected to change at a faster time scale than the RLM/RRM pattern. In accordance with [8] we assume in the discussion of a suitable test scenario that the following bitmaps are configured for RLM/RRM measurements and non-MBSFN ABS subframes:
· Non-MBSFN ABS Bitmap:

[11001100, 11001100, 11001100, 11001100, 11001100]

· RLM/RRM Bitmap: 



[11000000, 11000000, 11000000, 11000000, 11000000]
RAN1 additionally defined that CSI (CQI,PMI,RI) feedback in restricted subsets of subframes is enabled through configured subsets of subframes  [9]. Two (or zero) subframe subsets can be configured per UE. For example, one subset could allow for clean CQI/PMI/RI measurement and is proposed to coincide with the pattern defined for RLM/RRM measurements. The second set could allow for unclean CQI/PMI/RI measurement. According to RAN1 decision both subsets of subframes do not overlap but also may not be the complement of each other. In order to avoid frequent reconfiguration of CSI patterns, these patterns should also change with a low time scale similar to the time scale of RLM/RRM bitmap reconfigurations. We assume in the derivation for the test cases the following two CSI sets:
· CSI_1:






[11000000, 11000000, 11000000, 11000000, 11000000]

· CSI_2:






[00000011, 00000011, 00000011, 00000011, 00000011]
The first CSI pattern does not necessarily need to coincide with the ABS bitmap, since the ABS bitmap may be updated on a faster time scale. For certain subframes in the ABS pattern, no CSI measurements may be configured in both CSI patterns, e.g. for subframes SF#4 and SF#5 for the ABS and CSI bitmaps defined above. For such subframes also demodulation requirements should be defined since PDSCH transmission in such a situation may arise in case the ABS pattern is adapted over time to e.g. the offered traffic load. As already agreed, demodulation performance should be tested for both subsets of subframes signaled for CSI measurements as well. 
Therefore performance requirements should be verified in for three scenarios:
1) Scenario 1: UE is scheduled in ABS subframes where CSI measurements are configured 

2) Scenario 2: UE is scheduled in non-ABS subframes where CSI measurements are configured
3) Scenario 3: UE is scheduled in ABS subframes where no CSI measurements are configured

These scenarios can be described by the scheduling patterns of the serving cell SP1 = [11000000], SP2 = [00000011] and SP3 = [00001100], respectively. 

Initially, requirements should be defined for 10 MHz. In later stages requirements for other frequencies could be added. Since TM 1 and TM 3 are of relevance in initial deployments of eICIC, requirements should be defined for some of the test cases for TM 1 and TM 3 already included in TS 36.101 targeting 10 MHz and low to moderate velocities. 
3.2. Test Cases

Tables 1 and 2 outline the test cases we propose to adopt for eICIC based on the discussion and assumptions of the previous section and re-using the notation of scheduling patterns SP1 – SP3. As reference value for the demodulation requirement the fraction of the maximum throughput of the corresponding FRC to be achieved at a certain serving cell SNR is chosen. The strengths of the interference is characterized by the interfering cell SNR as defined in the appendix. In order to reflect harsh interference scenarios the SNR of the interfering cell should be higher than the SNR of the serving cell. The interfering cell SNR is proposed to be 15 dB. 
Table 1: eICIC Demodulation Requirements for TM 1 in 10 MHz (FDD)
	Test
	Band-width
	FRC


	Propagation Condition
	Corr. Matrix and Ant. Config.
	Reference Value
	UE Cat.

	
	
	
	Serving cell
	Interfering cell 
	
	Fraction of max. Througput [%]
	Serving cell SNR [dB] @ Interfering Cell SNR = 15 dB
	

	
	
	
	
	
	
	
	SP1
	SP2
	SP3
	

	1
	10 MHz
	R.2
	EVA5
	TBD
	1x2 low
	TBD
	TBD
	TBD
	TBD
	2 – 5 

	2
	10 MHz
	R.3
	EVA5
	TBD
	1x2 low
	TBD
	TBD
	TBD
	TBD
	2 – 5 


Table 2: eICIC Demodulation Requirements for TM 3 with 2 Tx Antenna Port in 10 MHz (FDD)
	Test 
	Band-width
	FRC


	Propagation Condition
	Corr. Matrix and Ant. Config.
	Reference Value
	UE Cat.

	
	
	
	Serving cell
	Interfering cell
	
	Fraction of max. Throughput [%]
	Serving Cell SNR [dB] @ Interfering Cell SNR = 15 dB
	

	
	
	
	
	
	
	
	SP1
	SP2
	SP3
	

	1
	10 MHz
	R.11
	EVA70
	TBD
	2x2 low
	TBD
	TBD
	TBD
	TBD
	2 – 5 


4. Conclusions

Based previous agreements in [1] and [2] and on the working assumptions suggested in [3] and [4] we proposed test cases for transmission modes 1 and 3 for the initial Rel-10 demodulation requirements for eICIC. Initial simulation results for the test cases proposed here are provided in [11]. We recommend the working group to adopt these test cases.    
5. Appendix A: Comparison of TM 1, 3 and 4 Performance
In Figure 1 the throughput as a function of the serving cell SNR is shown for transmission modes 1, 3 and 4. The serving cell SNR is varied from 0 dB to 32 dB. The SNR of the interfering cell at the UE is chosen to be 15 dB which means that the SIR ranges from -15 dB to 17 dB. Further simulation assumptions are stated in Table 1.
It is seen in Figure 1 that the behavior of TM 3 and TM 4 is similar for all serving cell SNR values in case of wideband CSI feedback for low Doppler frequencies. TM 4 is expected to have higher gains for frequency-selective scheduling compared to TM 3, but they will still be limited due to the coarse quantization of the codebook for 2Tx antennas. For higher Doppler frequencies also no additional gains are expected since the additional PMI feedback for the closed-loop mode does not provide sufficiently accurate information for efficient precoding. Since TM 4 is not beneficial compared to TM 3 for deployments with only two Tx antennas at the expense of higher load for CSI feedback, it can be expected that TM 3 will be widely used in the field. 

It is seen in Figure 1 that TM 3 and TM 4 outperform TM 1 if the serving cell SNR is larger than 20 dB. The performance for TM 1 is bounded since it makes use of one layer only for transmission. However, TM 3 and TM 4 are able to exploit the second layer of the channel. For lower SNR values TM 1 outperforms both transmission modes applying two Tx antennas. Main reason for this is that in case of two Tx antennas in the interfering cell, more resource elements are interfered from CRS of the interfering cell than it is the case if only one Tx antenna port is available in the interfering cell.
In summary the conclusion can be drawn from the simulation results that TM 1 and TM 3 are of high relevance for initial deployments with two Tx antennas only. Therefore demodulation requirements should be defined both for TM 1 and TM 3.
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Figure 1: Physical Layer Results for Transmission Modes 1, 3, 4
Table 1: Simulation Assumptions

	System
	10 MHz, 2 GHz carrier, PCFICH = 3

	Antenna Configuration
	1x2 for TM 1, 2x2 for TM 3, 4

	Channel
	ETU 3km/h for serving cell, EVA 3km/h for interfering cell

	PDSCH
	Distributed 6 PRBs (6, 12, 18, 31, 37, 43)

	CQI
	PUCCH 1-0 for TM 1, 3, PUCCH 1-1 for TM 4
CQI/PMI feedback periodicity 2ms

RI feedback periodicity 2ms

8ms feedback delay

	Link Adaptation
	Based on outer loop targeting 10% BLER for initial transmission

	Reference Signals
	Non-colliding RS

	Interfering Cell SNR
	15 dB

	ABS Pattern
	[11111111]


6. Appendix B: Interference Scenario
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Figure 2: Serving and interfering cell SNR

The signal strengths of the links to the serving and interfering cell can be characterized by the individual signal to noise ratios (SNR). The signal to interference ratio (SIR) at the terminal is SIR [dB] = serving cell SNR [dB] – interfering cell SNR [dB].
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