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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 in Rel-10 to enable such operation is the use of non-MBSFN and/or MBSFN almost blank subframes (ABS), where DL data transmission from the interference cell is avoided.
In RAN4 #58AH it was agreed that the following patterns need to be defined for the definition of the demodulation and CSI reporting requirements [1]:
· UE configured patters: 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)

The pattern P_Int is given by the ABS pattern in the interfering cell. In the previous meeting several proposals for the patterns were provided, however no conclusion could be reached yet. In RAN4 #60 a way forward was discussed for the ABS pattern design [2]. In this contribution we propose patterns taking the design principles of [2] into account.
2. Discussion
In RAN4 #60 a way forward for the design of ABS patterns for demodulation performance and CSI reporting was discussed [2]. It has been noted that the pattern should represent the DL protection needed in a real deployment. This includes

1) Protection of DL ACK/NACK signaling and PDCCH for UL PUSCH transmission

2) Protection of DL subframes #0, #1, #5, and #6 carrying MIB/SIB-1/PSS/SSS

Both bullets require a certain periodicity to guarantee the DL protection. Protection of DL ACK/NACK requires a periodicity of 8 ms for FDD. For TDD the required periodicity depends on the UL/DL configuration. Protection of MIB/SIB-1/PSS/SSS requires a periodicity of 10ms due to the LTE radio frame duration. Clearly, a pattern with only one periodicity cannot fulfill both protection criteria. Therefore it has been concluded in [2] that multiple periodicities may be considered in the design of the ABS patterns.
On the other side it may not be possible to achieve all kind of protection in all demod/CSI reporting tests, since the blanking rate of the ABS pattern may become too large. There is consensus in the working group that no subframe shifts should be applied in the tests to keep the test case specification aligned between FDD and TDD. Since PBCH and PSS/SSS are always sent in the six middle PRBs, it is not possible to protect MIB/PSS/SSS without subframe shift.  Only SIB-1 can be protected by ABS. Protection of SIB-1 requires a periodicity of 10ms as it is the case for protection of MIB/PSS/SSS in a real deployment applying subframe shift. For FDD protection of DL ACK/NACK requires a periodicity of 8ms. Therefore it seems to be sufficient to require protection of DL ACK/NACK and SIB-1 in the design of the ABS pattern to ensure that all kind of protections in real deployments can be achieved.
Proposal 1: The ABS pattern should be designed to provide protection for the HARQ time line and SIB-1. 

Assuming that SIB-1 is transmitted in every second radio frame, SIB-1 protection can be achieved by adding an ABS in subframes #5 of e.g. radio frames #0 and #2 for FDD and TDD.

Another open question is which subframes to define as ABS. In subframes #0 and #5 of a radio frame of frame structure types 1 and 2 and in subframes #1 and #6 of frame structure type2, PSS/SSS and PBCH are transmitted. Figure 1 compares the subframe numbering and the numbering with the ABS bitmap if 8ms periodicity of the ABS is chosen.
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Figure 1: Subframe and ABS numbering (FDD)

Subframes #0 and #5 are marked in red in the upper part of the figure. It is seen in the lower part of the figure that for a ABS periodicity of 8ms each ABS pattern will collide with some subframes that are used for PSS/SSS and PBCH transmission. RAN1 decided that in those subframes, although defined as ABS, PSS/SSS and PBCH is transmitted [3]. This means that some of the clean subframes in the serving cell experience not only interference from the CRS but also from PSS/SSS and PBCH of the interfering cell. 

eICIC requires that the serving cell and the interfering cell are synchronized with respect to the subframe number. Since always the six middle PRBs in subframes #0, #1, #5, #6 are used for these channels, PSS/SSS/PBCH of the serving cell are interfered by PSS/SSS/PBCH of the interfering cell. However, PSS/SSS/PBCH of the interfering cell do not interfere the PDSCH of the serving cell. Therefore, no additional care needs to be taken in the definition of demodulation and CSI reporting tests for eICIC on subframes used for PSS/SSS/PBCH. The same approach as in Rel-8 can be used, i.e. do not use subframe #5 for scheduling and potentially reduce the payload in subframes #0, #1 and #6. 

Proposal 2: It is proposed not to use subframe #5 for scheduling in the serving cell and potentially reduce the scheduling payload in the serving cell in subframes #0 for FDD and subframes #0, #1 and #6 for TDD.     

Another important design criteria of the ABS pattern is the blanking rate. It should be noted that a high blanking rate reduces the number of available radio resources and may yield to a degradation in cell throughput in that cell that applies ABS. Therefore it seems reasonable to define a ABS pattern with low to moderate blanking rates

ABS patterns have been proposed in previous meetings where always two consecutive subframes are defined as ABS. The reason for this is that such a configuration may allow the UE to average interference/channel estimation across two consecutive subframes. It should be pointed out that the ABS pattern is not known to the UE. In general, only a subset of subframes indicated by the ABS pattern is known to the UE for RLM/RRM measurements. Therefore averaging can only be done across the subframes indicated by the RLM/RRM pattern of the serving cell. In addition, two patterns defined for CSI measurements are known to the UE. The subframes indicated in those patterns can also be used for averaging.

Based on these considerations and taking the various proposals on ABS patterns into account, we suggest to use the following ABS patterns for eICIC demodulation and CSI reporting tests:

Proposal 3: The following ABS patterns of the interfering cell should be applied in all eICIC demodulation and CSI reporting tests:

· FDD: [11000100,11000000,11000000,11000000,11000000]

· TDD: [0000010011,0000000011]

The ABS in subframe #5 of radio frame #0 has been introduced to provide SIB-1 protection. The blanking rate is 27.5% and 25% respectively, for FDD and TDD. Given the various proposals in the previous meetings for blanking rates between 12.5% and 60%, the proposed patterns seem to provide a good compromise. The proposed TDD pattern supports UL/DL configurations 2 – 5 and is therefore applicable to UL/DL configurations supporting both 5ms and 10ms DL-to-UL switch-point periodicity. 

The ABS patterns indicate in which subframes the interfering cell is not allowed to transmit. For the definition of the test cases in Rel-10 it can be assumed that transmission takes place in all other subframes in the interfering cell that are not defined as ABS. Therefore we propose assuming UL/DL configuration 2 for TDD:
Proposal 4: The following interfering patterns should be applied in the eICIC demodulation and CSI reporting tests:

· FDD: P_Int = [00111011,00111111,00111111,00111111,00111111]

· TDD: P_Int = [1001100000,1001110000]

For the demodulation and CSI reporting test cases it is also important to define in which subframes the serving cell schedules the terminal. A way forward was discussed and supported by several companies to define demodulation requirements in Rel-10 only for the case when the UE is scheduled in ABS subframes [4]. Therefore it is required to define scheduling patterns that are a subset of the ABS patterns. According to Proposal 2 subframe #5 should not be used for scheduling in the serving cell. Hence, the scheduling pattern can be defined as:

Proposal 5: The following scheduling patterns should be applied in all eICIC demodulation tests:
· FDD: P_S1 = [11000000,11000000,11000000,10000000,11000000] 

· TDD: P_S1 = [0000000011,0000000011]
The way forward in [4] also proposes to define requirements for CSI reporting both in ABS as well as in non-ABS subframes. In addition to the scheduling pattern in the demodulation requirement test that is a subset of the ABS pattern, an additional scheduling pattern in the CSI reporting tests is needed that is a subset of the complement of the ABS pattern. These scheduling patterns should be aligned with the patterns for restricted CSI measurements:

Proposal 6: The following CSI measurement and scheduling patterns should be applied in all CSI reporting tests:

· FDD: P_CSI1 = P_S1 = [11000000,11000000,11000000,10000000,11000000] 

· FDD: P_CSI2 = P_S2 = [00000011,00000010,00000011,00000011,00000011]

· TDD: P_CSI1 = P_S1 = [0000000011,0000000011]

· TDD: P_CSI2 = P_S2 = [0001100000,0001100000]
3. Conclusion 

In this contribution the configuration of ABS patterns has been discussed further. The following proposals are made:

Proposal 1: The ABS pattern should be designed to provide protection for the HARQ time line and SIB-1.

Proposal 2: It is proposed not to use subframe #5 for scheduling in the serving cell and potentially reduce the scheduling payload in the serving cell in subframes #0 for FDD and subframes #0, #1 and #6 for TDD.  
Proposal 3: The following ABS patterns of the interfering cell should be applied in all eICIC demodulation and CSI reporting tests:

· FDD: [11000100,11000000,11000000,11000000,11000000]

· TDD: [0000000011,0000000011]  

Proposal 4: The following interfering patterns should be applied in the eICIC demodulation and CSI reporting tests:

· FDD: P_Int = [00111011,00111111,00111111,00111111,00111111]

· TDD: P_Int = [1001100000,1001110000]

Proposal 5: The following scheduling patterns should be applied in all eICIC demodulation tests:

· FDD: P_S1 = [11000000,11000000,11000000,10000000,11000000] 

· TDD: P_S1 = [0000000011,0000000011]

Proposal 6: The following CSI measurement and scheduling patterns should be applied in all CSI reporting tests:

· FDD: P_CSI1 = P_S1 = [11000000,11000000,11000000,10000000,11000000] 

· FDD: P_CSI2 = P_S2 = [00000011,00000010,00000011,00000011,00000011]

· TDD: P_CSI1 = P_S1 = [0000000011,0000000011]

· TDD: P_CSI2 = P_S2 = [0001100000,0001100000]

It is recommended to take these proposals into account in the definition of the demodulation and CSI reporting tests.
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