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1
Introduction
During RAN4#60, choices of ABS and CRS configurations for eICIC test cases and performance requirements were discussed again. A majority of companies shares the view that no performance requirements should be introduced for Rel-10 eICIC under colliding RS with non-MBSFN-ABS [1], because under the assumption of a Rel-8/9 baseline receiver it is observed that:
· RLM performance is identical to Rel-8/9 regardless of measurement restrictions.
· RRM measurement performance is identical to Rel-8/9 regardless of measurement restrictions.
· CSI reporting is identical to Rel-8/9 regardless of whether CSI measurements are performed over P_CSI1 or P_CSI2.
In other words RLM/RRM/CSI measurement restrictions become useless as they are not reflected in UE measurements. Concerns have been raised in [2] on not including the case of non-MBSFN-ABS and colliding RS when deriving UE performance requirements. However, numerous challenges outlined in [3] play against deploying such configuration in practical networks. One of the biggest hurdles is radio link monitoring (RLM) which is investigated in details in the following.
2
RLM performance under colliding/non-colliding RS in non-MBSFN-ABS
The RLM performance (in-sync and out-of-sync) is evaluated through link level simulations for the following configurations:
1) Non-MBSFN-ABS and non-colliding RS;

2) Non-MBSFN-ABS and colliding RS.

Simulations parameters comply with the agreed assumptions [4]. In-sync and out-of-sync performance are investigated in the AWGN and ETU70 cases, respectively. The latter cases were chosen because SNR thresholds for RLM (without eICIC) are available for comparison in Section A.7.3 of [5]. PDCCH performance is considered alone (i.e. without PCFICH decoding) as extended PHICH duration is assumed for serving cell. The above parameter choices are non-limiting, the goal being here to illustrate RLM performance for colliding vs. non-colliding RS under non-MBSFN-ABS through one set of examples. The observations hereafter hold as well for other parametrizations.
2.1
Out-of-sync performance

Out-of-sync performance is investigated in the AWGN case. PDCCH performance is shown in the form of block error rate (BLER) vs. serving cell signal-to-noise ratio (SNR), for given interferer cell SNR. We distinguish two types of BLER performance:
· Actual PDCCH BLER: this is the BLER that the UE would experience when the PDCCH is really transmitted. We note that this is for comparison purposes only: in RLM, as explained below, no PDCCH is actually transmitted. 
· Hypothetical PDCCH BLER: this is the BLER the UE hypothetizes based on the SINR estimates stemming from measurements over the serving cell CRS. Radio link failure (RLF) is built upon the concept of hypothetical BLER versus the threshold Qout. In Section 7.6 in [5] it reads: “The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1”. 
Simulation results for out-of-sync are shown below in Figures 1-2 for non-MBSFN-ABS & non-colliding RS and Figures 3-4 for non-MBSFN-ABS & colliding RS. For each case, the BLER performance (left-plots) allows us to illustrate the RLF performance in terms of average out-of-sync rate [%] (right plots). We distinguish the declared RLF performance based on the hypothetical BLER from the ideal RLF performance based on the actual/real PDCCH performance. Note that the latter is for comparison purposes only since no PDCCH is actually transmitted for RLF determination.
Throughout the figures, vertical bars depict the SNR thresholds SNR2 and SNR3 defined in RLM test cases found at Section A.7.3 of [5]. These thresholds were determined during Rel-8 timeframe as the outcome of a link level simulation campaign [7], including appropriate implementation margins. SNR2 and SNR3 define the RLF window in the test case: the UE should not declare RLF for SINR > SNR2 but declare RLF when SINR < SNR3, with at least 90% reliability. 
For consistency of RLF, it is important that the hypothetical BLER stays as close as possible to the actual BLER. Under TDM eICIC, assuming a Rel-8/9 baseline receiver, a mismatch between these two BLER quantities occurs. We analyse below the two considered ABS & CRS configurations in that respect.
Non-MBSFN-ABS and non-colliding RS: 

· The hypothetical BLER does not account for the CRS interference in ABS because of the assumption on the Rel-8/9 baseline receiver and hence the hypothetized performance is better than the actual one. Such mismatch ranges from ~0.5 to ~2 dB for interferer levels from 0 to 10 dB respectively based on link simulation data [6].
· In Figure 5, we observe that as long as the actual BLER performance under an ABS interferer stays below Qout for SNR > SNR2, in Figure 2 the corresponding RLF behaviour based on the hypothetized BLER stays consistent with the actual/ideal one (based on the real PDCCH performance). Nevertheless, a relaxation to RLM thresholds for eICIC in the order of ~1-1.5 dB depending on the interferer level is still necessary to provide sufficient implementation margins [7].
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Figure 1: Out-of-sync BLER performance (AWGN), non-MBSFN-ABS & non-colliding CRS.
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Figure 2: Out-of-sync declaration (AWGN), non-MBSFN-ABS & non-colliding CRS.


Non-MBSFN-ABS and colliding RS: 
· Full collision between the serving and interfering cell CRS will lead to SINR estimates biased in the pessimistic sense: the bias equals -10 log10(1+10SNRi/10) [dB] where SNRi is the interferer SNR in [dB]. The resulting bias values are {-3.0, -3.5, -6.2, -10.4} [dB] for interfering cell levels of {0, 1, 5, 10} [dB] respectively. Although CRS interference impacts channel estimation which somehow counter-balances the bias, there remains a large gap between actual and hypothetized PDCCH performance. Since the SINR estimates over CRS are typically the basis for computing the hypothetical BLER, the latter will also result in being too pessimistic. 
· In Figure 3, as predicted we observe very large mismatches between actual/real PDCCH performance and the hypothetized one. Hence, the hypothetical BLER cannot be considered as good enough predictor for RLF. In Figure 4 the corresponding RLF behaviour is inconsistent with the actual/ideal one even with moderate interferer level of 1 dB: UE will declare out-of-sync prematurely (i.e. at higher SNR than it would in practice cope with).
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Figure 3: Out-of-sync BLER performance (AWGN), non-MBSFN-ABS & colliding CRS.
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Figure 4: Out-of-sync declaration (AWGN), non-MBSFN-ABS & colliding CRS.


Based on these results, we conclude by the following observation:

Observation 1: With non-MBSFN-ABS and colliding RS, the hypothetical BLER cannot be considered as good enough predictor for RLF. The corresponding RLF behaviour is inconsistent with the actual/ideal one even with moderate interferer level of 1 dB.
2.2
In-sync performance

In-sync performance is investigated assuming the ETU70 channel profile. The concept of hypothetical BLER is here compared against the threshold Qin. In Section 7.6 in [5] it is defined as: “The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2”. 

The analysis is conducted similarly to the out-of-sync case. Simulation results for in-sync are shown below in Figures 5-6 for non-MBSFN-ABS & non-colliding RS and Figures 7-8 for non-MBSFN-ABS & colliding RS. For each case, the BLER performance (left-plots) allows us to illustrate the in-sync performance in terms of average in-sync rate [%] (right plots). Vertical bars depict the corresponding SNR thresholds SNR4 and SNR5 defined in RLM test cases found at Section A.7.3 of [5].
For consistency of in-sync declarations, it is important that the hypothetical BLER stays as close as possible to the actual BLER. Similarly to out-of-sync, under TDM eICIC, a mismatch between these two BLER quantities occurs.  
Non-MBSFN-ABS and non-colliding RS: 

· In Figure 5, we observe that as long as the actual BLER performance under an ABS interferer stays below Qin for SNR > SNR5, in Figure 6 the corresponding in-sync behaviour based on the hypothetized BLER stays consistent with the actual/ideal one based on the real PDCCH performance. Nevertheless, a relaxation to RLM thresholds for eICIC is still necessary to provide sufficient implementation margins.
	[image: image5.emf]-14 -12 -10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

BLER

SNR [dB]

RLM4-2 2x2 4CCE DCI1C 10MHz SFBC CFI=3 ETU70 normal ABS non-colliding CRS

 

 

No interferer

Interferer SNR 0dB

Interferer SNR 1dB

Interferer SNR 5dB

Interferer SNR 10dB

Qin

Hypothetical BLER based on 

UE measurements over CRS

Actual PDCCH performance

S

N

R

5

S

N

R

4


Figure 5: In-sync BLER performance (ETU70), non-MBSFN-ABS & non-colliding CRS
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Figure 6: In-sync BLER declaration (ETU70), non-MBSFN-ABS & non-colliding CRS


Non-MBSFN-ABS and colliding RS: 

· In Figure 7, as predicted we observe very large mismatches between actual/real PDCCH performance and the hypothetized one. Hence, the hypothetical BLER cannot be considered as good enough predictor for in-sync. In Figure 8 the corresponding in-sync behaviour is inconsistent with the actual/ideal one even with moderate interferer level of 1 dB: UE will declare in-sync too late (i.e. at higher SNR than for which it would be in-sync in practice). This plays against the core principle of CRE where a CRE UE should be able to communicate with the pico node in such situation.
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Figure 7: In-sync BLER performance (ETU70), non-MBSFN-ABS & colliding CRS
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Figure 8: In-sync declaration (ETU70), non-MBSFN-ABS & colliding CRS


Based on these results, we conclude by the following observation:

Observation 2: With non-MBSFN-ABS and colliding RS, the hypothetical BLER cannot be considered as good enough predictor for in-sync. The corresponding in-sync behaviour is inconsistent with the actual/ideal one even with moderate interferer level of 1 dB.
3
Conclusion
In this contribution we have analysed the choices of ABS and CRS configurations in terms of radio link monitoring performance of Rel-10 eICIC. It was observed that:
Observation 1: With non-MBSFN-ABS and colliding RS, the hypothetical BLER cannot be considered as good enough predictor for RLF. The corresponding RLF behaviour is inconsistent with the actual/ideal one even with moderate interferer level of 1 dB.
Observation 2: With non-MBSFN-ABS and colliding RS, the hypothetical BLER cannot be considered as good enough predictor for in-sync. The corresponding in-sync behaviour is inconsistent with the actual/ideal one even with moderate interferer level of 1 dB.
The whole RLM behaviour under non-MBSFN-ABS and colliding RS is inconsistent with the actual/ideal one even with moderate interferer level of 1 dB: 
· UE declares out-of-sync prematurely (i.e. at higher SNR than it would in practice cope with);

· UE declares in-sync too late (i.e. at higher SNR than for which it would be in-sync in practice).
Hence, we see RLM as a show-stopper for eICIC under non-MBSFN-ABS and colliding RS in Rel-10 timeframe, and the colliding RS case needs to be tackled through MBSFN-ABS. 
Furthermore, practical considerations on link adaptation for PDSCH reveal severe issues such as large CQI biases, erroneous RI/PMI selection, etc. These aspects were analysed in a previous paper [3] and confirmed by simulations in a companion paper [9]. There is no benefit to be expected in practice from configuring eICIC features in a Rel-10 deployment using non-MBSFN-ABS subframes under colliding CRS since UE does not get any advantage of measurement restrictions for RLM/RRM/CSI. It is essential that the overall set of requirements for eICIC is developed in a holistic manner, such that the overall good performance of the system is guaranteed by a UE which meets each of the individual requirements, rather than deriving individual requirements in a piecewise fashion. Given that CQI based link adaptation, rank adaptation and RLM are very challenging in the non-MBSFN & colliding CRS case, a majority of companies do not see the need of deriving corresponding demodulation requirements in Rel-10 timeframe [1]. We thus propose that:
Proposal:

No performance requirements are introduced for Rel-10 eICIC under colliding RS with non-MBSFN-ABS.
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