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1. Introduction
Heterogeneous networks with eICIC enable UEs to maintain reliable communications with a serving cell under strong interference from other cells. The main technique is the use of non-MBSFN and/or MBSFN ABS subframes, where DL data transmission from the interference cell is avoided.
In RAN4 #58AH, a way forward on eICIC was agreed in [1]. Specifically, for eICIC demodulation and CSI requirements it was agreed that for the test cases the following pattern should be defined

· UE configured patterns: Pattern for RLM/RRM (P_R), pattern 1 for CSI (P_CSI1), pattern 2 for CSI (P_CSI2)

· eNB side patterns: pattern for actual interference (P_Int), pattern for scheduling (P_S) 
In this contribution we consider the configuration of patterns for non-MBSFN subframes to be used for demodulation and CSI requirement test cases.
2. Configured Bitmaps for eICIC
RAN1 defined in [2] two (or zero) subsets of subframes for CSI (CQI,PMI,RI) feedback. One subset could allow for clean CQI/PMI/RI measurement and could coincide with the pattern defined for RLM/RRM measurements. The second set could allow for unclean CQI/PMI/RI measurement. Both subsets of subframes do not overlap but also may not be the complement of each other. 
A scenario where both CSI patterns can not the complement of each other arises when a pico cell is jammed by two macro cells. For example, in case the first macro cell applies the ABS pattern [11110000] and the second macro has assigned the ABS pattern [11000000], the pico cell cannot signal complementary CSI patterns to the UE since the interference profile is not even across each CSI pattern. In this case, the following two CSI sets could be configured following the notation of [1]:
· P_CSI1:






[11000000, 11000000, 11000000, 11000000, 11000000]

· P_CSI2:






[00000011, 00000011, 00000011, 00000011, 00000011]
RAN1 defined in [3] 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. Therefore the first bitmap is a superset of the second one. The RLM/RRM bitmap is expected to change at a very slow time scale. The ABS pattern can change at a faster time scale than the RLM/RRM pattern since no reconfiguration of the UE via RRC signalling is involved. For example, the following bitmaps could be configured for RLM/RRM measurements and non-MBSFN ABS subframes (x ( {0,1}), where x indicates the adaptive part of the ABS pattern:

· P_Int:







[11xxxx00, 11xxxx00, 11xxxx00, 11xxxx00, 11xxxx00]

· P_R: 







[11000000, 11000000, 11000000, 11000000, 11000000]

It is important to distinguish between these four different bitmaps and to note that the subframes defined in the ABS, the RLM/RRM  and one of the the CSI bitmaps are not the same. 

3. Performance Analysis

In the previous section it has already been outlined that the ABS bitmap can be a superset of the RLM/RRM bitmap in case that one pico cell is jammed by multiple macro cells. Another scenario where this can be this case is adaptive resource partitioning (adaptation of ABS patterns). Potential gains are shown in the first subsection below. In the second subsection an analysis of time averaging across subframes in the receiver is provided.
3.1. Gains of Adaptive Resource Partitioning

In [4] and [5], static and adaptive resource partitioning schemes are compared in terms of cell capacity with realistic bursty traffic for a deployment consisting of macro and pico cells. In these experiments, 4 picos are deployed in each macro cell with 25 UEs uniformly distributed in the macro coverage area. A Poisson traffic model was used to model a FTP session for each terminal. Further simulation assumption are provided in the appendix. Gains in cell throughput for a given cell edge user throughput of adaptive resource portioning are shown in [4] and [5]. Here we analyze the gain of adaptive resource partitioning for cell edge throughput.
In Figure 1, the gain in cell edge user throughput of adaptive resource partitioning with update rates of the ABS pattern of 50ms and 100ms versus a static
 ABS pattern are compared using the results provided in [4]. The served cell throughput has been fixed and is identical to the offered load, which means that the cell is operated below its capacity. The static pattern was set based on long-term statistics of user association and assuming full buffer traffic.
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Figure 1: Cell edge user throughput gain of adaptive vs static resource partitioning
It is seen that adaptive resource partitioning can provide significant gains for the cell edge user throughput over a static ABS pattern in bursty traffic scenarios. 
3.2. Impact of Time Averaging in the Receiver
If a terminal is served by a victim cell and scheduled only in clean subframes, strong interference from the aggressor cell is avoided it is expected that a receiver averaging across subframes for Nt estimation and/or channel estimation performs badly due to averaging across clean and unclean subframes in the ABS pattern. Baseline receivers not doing averaging across subframes are expected to outperform these bad receivers.
In [6] the impact of subframe averaging in the receiver on CSI feedback and link adaptation was analyzed. Here we present more results showing the impact of subframe averaging on fixed reference channels. In the simulations we use TM 1 with FRC R.3. The SNR of the interfering cell has been set to 15 dB. Further simulation assumptions are provided in the appendix. Figure 2 shows the performance w/ and w/o averaging across subframes in the receiver. The results without averaging have already been shown in [7]. It is seen that the performance of a bad baseline receiver is reduced by roughly 2 dB.
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Figure 2: FRC Performance w/ and w/o averaging across subframes
4. Conclusion 

In this contribution we considered the definition of patterns for demodulation and CSI requirement test cases following the proposals agreed in [1]. 
It has been outlined that it needs to be carefully distinguished between all the patterns to be defined demodulation and CSI requirement tests. One situation where non-complementary CSI patterns need to be defined can arise when a pico cell is interfered by multiple macro cells. In this case also the ABS and the RLM/RRM bitmaps do not coincide. Another scenario where the ABS and RLM/RRM patterns are not the same is adaptive resource partitioning. 
It was further shown how the performance of a baseline receiver is impacted when the receiver averages across subframes. It is therefore important to ensure that the test cases provide the means to identify such bad baseline receivers.  

All bitmaps required for both set of tests should be defined jointly for demodulation and CSI requirements. The bitmaps defined in previous sections reflect these situations. We therefore propose to adopt the following patterns for FDD non-MBSFN subframes following the notation in [1]:

· Proposal  1: 

P_Int      =   [11001100, 11001100, 11001100, 11001100, 11001100]

· Proposal 2: 

P_R        =   [11000000, 11000000, 11000000, 11000000, 11000000]
· Proposal 3:

P_CSI1  =   [11000000, 11000000, 11000000, 11000000, 11000000]

· Proposal 4

P_CSI2  =   [00000011, 00000011, 00000011, 00000011, 00000011]

This proposal is in line with the way forward on candidate patterns in [9].

The MAC of the serving cell can schedule PDSCH transmission in any subframe. Various scheduling situations can occur as has been outlined in [8]. These situations need to be addressed in the definition of the verification test cases. For the scheduling patterns as introduced in [8] we propose to adopt the following patterns:
· Proposal 5.1:

P_S1      = [11000000, 11000000, 11000000, 11000000, 11000000]
· Proposal 5.2:      P_S2      = [00000011, 00000011, 00000011, 00000011, 00000011]

· Proposal 5.3: 
P_S3      = [00001100, 00001100, 00001100, 00001100, 00001100]

In this contribution we addressed non-MBSFN subframes for FDD only. Further patterns need to be defined for MBSFN and TDD mode as well following similar considerations. 
5. Appendix: Simulation Assumptions

Table 1: Assumptions for link level simulations
	System
	10 MHz, 2 GHz carrier, PCFICH = 2

	Antenna configuration
	1x2 for TM 1

	FRC
	R.3 for TM 1

	Radio channel
	Serving cell: EVA5 for TM 1
Interfering Cell: EVA5 for TM 1
0.8/1.0 (s tap delay for serving/interfering cell

	Reference signals
	Non-colliding RS

	PSS/SSS/PBCH
	Included both in serving and interfering cells

	Interfering cell SNR
	15 dB

	Scheduling patterns in the serving cell
	SP1: [11000000]

	ABS bitmap in the interfering cell
	[11000000]
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