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1 Introduction
RAN4 has been working on the FeICIC core and performance requirements for the past several meetings, and a lot of progress has been made for the core requirement. In this contribution we provide framework for RAN4 FeICIC demod and CSI requirements.

2 Discussion
In general, as Rel-11 FeICIC is an extension of Rel-10 eICIC, it is worthwhile to take Rel-10 eICIC requirements and tests as starting points for defining Rel-11 FeICIC demod and CSI requirements/tests. However, there are several points that RAN4 should keep in mind when defining FeICIC demod and CSI requirements/tests, as addressed below.
The CRE bias for FeICIC is increased to 9dB from 6dB in eICIC. This not only increases the aggressor SNR levels but also makes some UEs subject to multiple interferes. In [1], it was agreed, based on UE statistics on non-ABS subframes, that N=2 interferers should be explicitly modeled for cell detection and RRM/RLM requirements for FeICIC. With the other cell interference and noise level on ABS subframes (i.e. Noc1 and Noc2) lower than that on non-ABS subframes (i.e. Noc3), the UE will see at least as many aggressors as in non-ABS subframes. This is because, for all those aggressors with large EI/Noc3, the EI/Noc1 and EI/Noc1 will be even larger because EI/Noc1>EI/Noc3 and EI/Noc2>EI/Noc3. Therefore, the number of aggressors that deserves explicit modeling and handling by UEs for demod and CSI requirements/test should be at least 2. The need of N=2 is also supported from our system level studies [2]. However, for minimum requirement, we see it sufficient for UE to handle only N=2 aggressors, while leaving handling of more than 2 interferers up to UE implementation choice.
Proposal 1: For demod and CSI requirements/test, the number of aggressors to be explicitly modelled and whose CRS interference to be handled by UE should be N=2.
Unlike eICIC, FeICIC capable UEs should be able to handle both non-colliding and colliding CRS aggressors under both non-MBSFN and MBSFN ABS. On the other hand, it is important to be conscious of the number of test cases, as the combinations of colliding and non-colliding CRS settings for N=2 interferers in combination with non-MBSFN and MBSFN ABS setting can easily blow up the number of test cases and the UE test complexity. For eICIC, the impact of CRS interference from non-colliding CRS non-MBSFN ABS and colliding CRS MBSFN ABS were very different, as the former impacts the control/data REs while the letter impacts the channel estimation. In contract, FeICIC UEs are capable of CRS handling, and with proper handling of CRS interference, the difference from the impact of residual CRS interference between non-MBSFN ABS and MBSFN-ABS should be small. In fact, our previous simulations [3]
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[4] show that it is sufficient to define test cases only for non-MBSFN ABS, as the performance under MBSFN ABS is either equal or marginally better than that under non-MBSFN ABS.
Proposal 2: Define demod and CSI requirements/tests only for non-MBSFN ABS as much as possible.
Unlike eICIC where a baseline Rel-8/9 receiver was assumed, FeICIC assumes a CRS-handling receiver. Therefore, when defining requirements/tests it is important to carefully construct test cases such that UEs with good CRS-handling is well differentiated with bad CRS-handling. For example, if CRS IC of two aggressors is to be mandated, the test case should be such that UEs that cancel only one aggressor’s CRS fail the test.
Proposal 3: Define demod and CSI requirements/tests such that UEs with good and bad CRS-handling are clearly differentiated.

As a starting point, we propose the following side conditions for PDSCH and PDCCH/PHICH demod requirements, which we previously proposed in [2].

Proposal 4: For PDSCH demodulation requirements and CSI reporting the ES,I/Noc1 of the first and second aggressor levels should be set to 14 dB and 12dB, respectively, based on the 50%-quantile of the CDF and the difference between the two aggressor levels.

Proposal 5: For PDCCH/PHICH demodulation requirements the ES,I/Noc1 of the first and second aggressor levels should be set to 6 dB and 4dB, respectively, based on the 10%-quantile of the CDF and the difference between the two aggressor levels.

With the above general points in mind, we present our views on each of RAN4 FeICIC demod and CSI requirements in the following subsections.
2.1 PDSCH
For Rel-10 eICIC, the following requirements/tests are defined for PDSCH demodulation minimum performance

· Transmit diversity, non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· Open loop spatial multiplexing, non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· Open loop spatial multiplexing, colliding CRS, MBSFN ABS (FDD,TDD)

For Rel-11 FeICIC, we propose to define the following requirements/test cases assuming N=2.

· Transmit diversity, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· Open loop spatial multiplexing, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

Regarding aggressors having MBSFN ABS, if the aggressor has colliding CRS, a properly designed UE is expected to perform equally or slightly better than under non-MBSFN ABS, and if the aggressor has non-colliding CRS, the aggressor should have no impact on properly designed UE’s PDSCH performance at all. This is clearly confirmed in the simulation results in [3]
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[4]. Therefore, no new requirement would be needed for MBSFN ABS. 
2.2 PDCCH/PCFICH
For Rel-10 eICIC, the following requirements/tests are defined for PDCCH/PCFICH demodulation minimum performance

· Non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· Colliding CRS, MBSFN ABS (FDD,TDD)

For Rel-11 FeICIC, we propose to define the following requirements/test cases assuming N=2.

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

To better differentiate good and bad implementations, it is proposed to use 2 OFDM symbols for PDCCH instead of 3 OFDM symbols used for eICIC.
Proposal 6: Use 2 OFDM symbols for PDCCH/PCFICH requirements.
Regarding aggressors having MBSFN ABS, properly designed UEs are expected to show little difference between non-MBSFN and MBSFN ABS, which is confirmed in previous simulation results in [3]
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[4]. Therefore, no new requirement would be needed for MBSFN ABS.  
2.3 PHICH
For Rel-10 eICIC, the following requirements/tests are defined for PHICH demodulation minimum performance

· Non-colliding CRS, non-MBSFN ABS (FDD,TDD)

As is the case in Rel-10 eICIC, PHICH requirements/test cases can be derived based on PDCCH/PCFICH requirements/test cases, reusing their side conditions. Therefore, we propose to have

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

For the same reason as in PDCCH/PCFICH, it is desirable to the normal PHICH duration instead of the extended PHICH duration used for eICIC.

Proposal 7: Use the normal PHICH duration for PHICH requirements.
2.4 PBCH
No requirements/test cases were defined for Rel-10 eICIC.
For Rel-11 FeICIC, it was agreed to define PBCH requirements based on PBCH-IC receiver [5]. In [6] we provide analysis and propose to cancel PBCH of two aggressors. In view of this, we propose the following PBCH requirement/test
· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-ABS (FDD,TDD)

2.5 CQI
For Rel-10 eICIC, the following requirements/tests are defined for CQI

· CQI definition test under AWGN conditions, PUCCH 1-0, non-colliding CRS, non-MBSFN ABS (FDD,TDD)

The test mainly verifies the UE’s functionality of properly handling two CSI subframe sets and lacks verifying performance aspects such as BLER for the CQI on ABS or capturing time and frequency variation of CQI.
For Rel-11 FeICIC, as the basic functionality of handling two CSI subframe sets are already covered by the Rel-10 eICIC test, it is desirable to define CQI requirements/tests that provide more coverage. In particular, we propose to have
· 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)
2.6 RI
For Rel-10 eICIC, the following requirements/tests are being defined for RI

· RI reporting test, non-colliding CRS, non-MBSFN ABS (FDD,TDD)

As in Rel-10 eICIC RI test, the CQI mismatch issue may still exist, as the UE, after canceling the aggressor interference of, still sees a higher noise level in CRS OFDM symbols #0, #4, #7 and #11, which will lead to a conservative CQI report. However, remedies being discussed for Rel-10 RI test are expected to be available and reused for Rel-11 FeICIC.
For Rel-11 FeICIC, we propose to have the following RI test

· RI reporting test, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

3 Conclusions
Proposal 1: For demod and CSI requirements/test, the number of aggressors to be explicitly modelled and whose CRS interference to be handled by UE should be N=2.
Proposal 2: Define demod and CSI requirements/tests only for non-MBSFN ABS as much as possible.
Proposal 3: Define demod and CSI requirements/tests such that UEs with good and bad CRS-handling are clearly differentiated.
Proposal 4: For PDSCH demodulation requirements and CSI reporting the ES,I/Noc1 of the first and second aggressor levels should be set to 14 dB and 12dB, respectively, based on the 50%-quantile of the CDF and the difference between the two aggressor levels.

Proposal 5: For PDCCH/PHICH demodulation requirements the ES,I/Noc1 of the first and second aggressor levels should be set to 6 dB and 4dB, respectively, based on the 10%-quantile of the CDF and the difference between the two aggressor levels.

Proposal 6: Use 2 OFDM symbols for PDCCH/PCFICH requirements.
Proposal 7: Use the normal PHICH duration for PHICH requirements.
We propose to define the following test cases for FeICIC demod and CSI

· PDSCH

· Transmit diversity, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· Open loop spatial multiplexing, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· PDCCH/PCFICH

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· PHICH

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)

· PBCH

· 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-ABS (FDD,TDD)

· CQI

· 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)

· RI

· RI reporting test, 1st aggressor with colliding CRS and 2nd aggressor with non-colliding CRS, non-MBSFN ABS (FDD,TDD)
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