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1
Introduction
During RAN4#64bis, first discussions took place in relation to Rel-11 feICIC RLM and simulation assumptions were agreed in [1]. This contribution provides preliminary simulation results, assuming normal ABS, as well as analysis aiming at setting the requirements on SNR thresholds for feICIC RLM.
2
Rel-11 feICIC RLM under non-MBSFN-ABS
In this section, we provide simulation results and analysis for out-of-sync and in-sync RLM requirement scenarios under non-MBSFN-ABS interference from two explicitly modelled interfering cells. Simulation assumptions comply with the agreed set of parameters in reference [1]. 
The following combinations of interference conditions and receivers are considered:

· Two explicitly modelled interferers, Rel-8/9 baseline receiver without CRS interference cancellation;
· Two explicitly modelled interferers, Rel-8/9 baseline receiver performing 2-cell CRS-IC (reference receiver for feICIC RLM).

In terms of PCI collisions between explicitly modelled cells, both options in [1] are considered:

· Option 1: The 1st dominant interferer with CRS collision; the 2nd dominant interferer without CRS collision;
· Option 2: The 1st dominant interferer without CRS collision; the 2nd dominant interferer with CRS collision.
Additionally, it was assumed that:

· Only CRS symbols are transmitted in ABS subframes;

· The transmission of both explicitly modelled interferers is delayed by 2.5s wrt. serving cell FFT timing;
· All considered cells are assumed to be perfectly synchronized in frequency (i.e. zero frequency error between corresponding signal components);
· Practical time/frequency tracking algorithms are enabled for both serving and interfering cells’ signals.
In Figure 1 and 2, out-of-sync and in-sync performance are investigated in terms of BLER for non-MBSFN-ABS and Option 1, assuming ETU30 propagation conditions. Figure 3 and 4 provide the results for Option 2. The following observations can be made based on the results:
· 2-cell CRS-IC provides notable gains in performance in the order of 2dB vs. no CRC-IC;

· Normal PHICH duration together with joint PCFICH/PDCCH detections was considered here for feICIC [1], unlike in Rel-10 eICIC where UE could exploit the knowledge of extended PHICH duration to skip PCFICH detection. In out-of-sync simulations (Figure 1 and 3) it was observed that PCFICH is limiting the performance despite CRS-IC being performed prior to PCFICH detection; in case too much spread is observed between company results, one may consider reverting to the Rel-10 assumption by skipping PCFICH detection.
· In terms of PCI collisions between considered cells, there is not much difference in performance between the two considered options. This is mainly due to the fact that interferer power levels are only 2dB apart and at the same time well above the target signal level. It is thus recommended for RLM test cases to focus exclusively on Option 1 since it is not covered by Rel-10 eICIC requirement scenarios. This would also reduce test count.
Proposal 1:
Agree on “Option 1: The 1st dominant interferer with CRS collision; the 2nd dominant interferer without CRS collision” for feICIC RLM test cases.
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Figure 1: Option 1 – Out-of-sync BLER performance ETU30, normal ABS.
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Figure 2: Option 1 – In-sync BLER performance ETU30, normal ABS.
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Figure 3: Option 2 – Out-of-sync BLER performance ETU30, normal ABS.
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Figure 4: Option 2 – In-sync BLER performance ETU30, normal ABS.


Finally, Table 1 provides preliminary SNR values at verification points. Results for Option 1 and Option 2 are clote-to-identical.
Table 1: Serving cell SNR at verification point
	Scenario
	Verification point
	SNR at verification point [dB]

	
	
	Option 1
	Option 2

	RLM-1-1
	Qout=10% BLER
	-8.79
	-8.79

	RLM-2-1
	Qin=2% BLER
	-4.61
	-4.67


3
Additional aspects
In the following, we discuss additional aspects which should be taken into account when designing requirements scenarios for feICIC RLM:
Modeling of PBCH, SIB1, paging transmission in ABS subframes:

During RAN4#64bis, one company [2] proposed to explicitly model PBCH, SIB1 and paging transmissions in ABS subframes instead of CRS interference only, assumed by a majority of companies since the start of Rel-10 eICIC work in RAN4. From specification perspective it is true that PBCH, SIB1 and paging will be transmitted in the interfering cells if they coincide with an occurrence of ABS. From RAN4 testing perspective, it is reminded that the goal is to isolate as much as possible the functionalities to be tested which read here:
1. Verify that the UE performs RLM measurements in restricted subframes (i.e. same goal as in Rel-10 eICIC);

2. Verify that the UE applies CRS-IC when deriving RLM measurements (additional goal in Rel-11 feICIC).

Any additional signal/interference that could perturbate the outcome of the test (increases uncertainties in the test e.g. by reducing the difference between good and bad UE implementation) puts at risk proper verification of the feature under test. In practical network deployments, PBCH, SIB1 and paging transmissions in ABS subframes is not expected to change UE behaviour in terms of RLM: interference arising from these transmissions will be averaged out by the UE and converted to a hypothetical PDCCH BLER which would match the true average PDCCH quality if transmitted under these radio conditions. Hence, not modelling PBCH, SIB1 and paging transmissions in ABS subframes will not compromise UE behaviour in terms of RLM in the field. Moreover, it is reminded that SIB1 and paging transmissions are scheduled typically in a proprietary way depending on eNodeB or network operator implementation as well as on network load (for paging). It is thus not reasonable to include such transmissions in TS36.101 and test system implementation complexity would likely also increase.
Proposal 2: 
In RLM test cases, ABS subframes consist of only CRS transmission.
Time/frequency tracking of dominant interferers:

In this contribution, simulation results assume that the transmission of both explicitly modelled interferers is delayed by 2.5s wrt. serving cell FFT timing and all considered cells are assumed to be perfectly synchronized in frequency (i.e. zero frequency error between corresponding signal components). It is noted that assumptions on timing/frequency synchronization are missing currently in simulation assumptions [1] and should be clarified in the future. 
Unlike in Rel-10 eICIC, the signal components originating from dominant macro cell interferer signals are not just seen as interference in Rel-11 feICIC, but these are in turn processed for interference cancellation purposes (PSS/SSS IC, PBCH-IC, CRS-IC). Channel estimation over interfering cell CRS is required and is known to be sensitive to time/frequency offsets wrt. FFT timing. The situation is similar to non-quasi-collocated antennas currently being discussed under TEI11: FFT timing/frequency synchronization is locked onto serving (pico) cell CRS while CRS from the two dominant macro interfering cells experience: 
1. Timing offsets resulting from the combined effect of propagation delays and time synchronization errors between network nodes; 
2. Frequency errors resulting from Doppler spread and frequency synchronization errors between network nodes.
The impact of time and frequency errors to CRS-IC is analysed in a companion contribution Error! Reference source not found. where it is concluded that time/frequency tracking over interferer CRS is essential to achieve promised gains of CRS cancellation. It is recommended to consider both timing and frequency errors between serving and interfering cells signal components in upcoming feICIC requirement scenarios. The tests would gain robustness in guaranteeing good UE performance in practical network deployments were such time/frequency errors are expected to occur given the current eNodeB time and frequency accuracy requirements in TS36.133 [4] and TS36.104 [5].
Proposal 3:
Clarify in future feICIC RLM simulation assumptions that timing delays of 2.5s are applied between interfering cell transmissions wrt. serving cell transmission.
Proposal 4:
Model frequency offsets between interfering cell transmissions wrt. serving cell transmission in feICIC RLM test cases. Values of the frequency offsets are for further discussion.
RLM thresholds:

When CRS-IC is enabled, both the SINR measured over serving cell CRS subcarriers and further the hypothetical BLER are expected to be close to the true radio conditions. RLM declarations will thus be consistent with the experienced radio channel quality. The values of the margins need to be further discussed based on the outcome of company results, namely whether one needs to take into account additional impairments resulting from practical (and hence non-ideal) CRS cancellation. Therefore we propose:
Proposal 5: 
Follow Rel-8/9/10 methodology for deriving RLM thresholds in Rel-11 feICIC. Specific values for the margins need further discussion.

4
Conclusion

This contribution provided simulation results as well as analysis aiming at setting the requirements for feICIC RLM assuming non-MBSFN-ABS. We conclude on the following proposals: 
Proposal 1:
Agree on “Option 1: The 1st dominant interferer with CRS collision; the 2nd dominant interferer without CRS collision” for feICIC RLM test cases.
Proposal 2: 
In RLM test cases, ABS subframes consist of only CRS transmission.
Proposal 3:
Clarify in future feICIC RLM simulation assumptions that timing delays of 2.5s are applied between interfering cell transmissions wrt. serving cell transmission.
Proposal 4:
Model frequency offsets between interfering cell transmissions wrt. serving cell transmission in feICIC RLM test cases. Values of the frequency offsets are for further discussion.
Proposal 5: 
Follow Rel-8/9/10 methodology for deriving RLM thresholds in Rel-11 feICIC. Specific values for the margins need further discussion.
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