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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, 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. Besides major issues with radio link monitoring (RLM) investigated in a companion paper [4], this contribution focuses on PDSCH demodulation performance with practical link adaptation for TM3 under non-MBSFN-ABS and colliding/non-colliding RS, as a basis for a decision on which ABS and CRS configuration is feasible prior to defining corresponding requirements. 

2
PDSCH performance under non-MBSFN-ABS and colliding/non-colliding RS
2.1
Throughput performance

We conducted a link-level evaluation of TM3 demodulation performance. Similarly to [6], we compared in simulation the case of colliding vs. non-colliding RS under non-MBSFN-ABS. Parameters are according to the agreed assumptions in [5]. Interfering cell SNRs of -100 dB (single-cell case, reference) and 5, 10 & 15 dB (cases with interfering cell) are considered. MMSE Rel-8/9 baseline receiver is assumed. We highlight the following aspect of the simulation:

· Practical interference estimates are derived from serving cell CRS. 
· Channel estimation filter is derived assuming practical interference estimates (i.e. noise+interference estimate).
· MMSE detector is derived assuming practical interference estimates (i.e. noise+interference estimate). 

· Practical link adaptation (CQI and RI) is used with an outer-loop targeting 10% BLER for the 1st transmission. 

Figure 1 compares TM3 throughput performance of non-colliding RS (plain lines) versus colliding RS (dashed lines) under non-MBSFN-ABS interference. Based on the results, we make the following remarks:
· At low-to-medium SNR (up to 10 dB): TM3 performance for colliding/non-colliding RS is comparable, as observed in [6]. Under colliding RS, the channel estimates are poluted but the PDSCH data REs are unaffected, while the situation gets reversed for non-colliding RS. The performance with link adaptation appears to be similar at the end in both cases. Note that there are practical limitations to outer-loop link adaptation as explained further in this document.
· At medium-to-high SNR (above 10 dB): TM3 performance is superior for non-colliding RS, and the performance difference grows as the serving cell SNR increases. The loss observed for the colliding case also increases together with higher interfering cell levels. The results here differ significantly from the ones in [6]: possible reasons may be more realistic processing here in relation to interference estimation, channel & MMSE detector derivation. In the colliding case, we note that deriving the MMSE detector for PDSCH under the assumption of high interference (noise+interference) measured over CRS while data REs experience only noise can significantly impact the MMSE post-processing SNRs (up to several dBs, depending on the operation point). Moreover, impairments on the channel estimate spread out to all modulated data symbols and are highly detrimental to higher-order modulations. 
Observation 1: 
Non-MBSFN-ABS with colliding RS leads to worse TM3 performance in the medium-to-high SNR range compared to the non-colliding case.
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Figure 1: Throughput performance of TM3 under non-MBSFN ABS for colliding vs. non-colliding RS. 


2.2
Outer-loop link adaptation behaviour and statistics

Next, we investigate outer-loop link adaptation behaviour and statistics for both colliding and non-colliding cases. We inspect OLLA statistics for TM3 rank-1 transmission at 6 dB serving cell SNR, assuming variable interfering cell SNRs. This situation should be representative of cell range expansion (CRE) UEs, according to the system studies in [11] where typical values for both serving and interfering cell SNRs are seen to belong to the range [1, 5] [dB]. Figures 2 and 3 illustrate the cumulative distribution function (cdf) of the outer-loop link adaptation (OLLA) factor used in link level simulations to compensate for erroneous/biased CQI under non-MBSFN-ABS interference. Under the assumption of a Rel-8/9 baseline receiver, CRS interference in ABS leads to a mismatch in reported CQI as follows:
· Non-MBSFN-ABS and non-colliding RS: there exists a non-zero positive CQI bias (i.e. reported CQI is too optimistic) because of the impact of CRS interference to data REs. The bias scales proportionally to the interfering cell SNR level. Results in Figure 2 show that, due to positively biased reported CQI, OLLA compensation factors are thus negative. We observed median OLLA factor values of {-0.2, -1.1, -3, -5.1} [dB] for interfering cell SNR levels of {1, 5, 10, 15} [dB], respectively. 
· Non-MBSFN-ABS and colliding RS: Reported CQI will show large negative bias (i.e. CQI is too pessimistic) because it is measured over CRS which collide with a strong interferer. This may lead to improved link performance in the absence of other users but has overall a negative impact on the system throughput and the performance in a multi-user scenario [7]. Results in Figure 3 show that, due to negatively biased reported CQI, OLLA compensation factors are thus positive. We observed median OLLA factor values of {+3.3, +5.7, +10.4, +14.8} [dB] for interfering cell SNR levels of {1, 5, 10, 15} [dB], respectively.
OLLA and its ability to compensate for inconsistent CQI reporting were extensively studied through link and system simulations during Rel-8 timeframe [7]-[10]. From these studies, one may conclude that OLLA is able to correct up to +-2 dB range without affecting much the spectral efficiency or user throughput [8]. 
For non-colliding RS, OLLA factor cdfs in Figure 2 confirm that outer-loop link adaptation is expected to compensate in practice the observed CQI biases as long as they stay within above stated +-2 dB range. This caps in turn the maximum tolerable SNR level for the interfering cell to 5 dB based on these results.
Observation 2: 
Considerations on practical outer-loop link adaptation range in Rel-10 eICIC network deployments caps the maximum tolerable ABS interference to a value (to be determined) below or equal to 5[dB].
For colliding RS, it is stated in [6] that large CQI bias may be easily adjusted by outer-loop link adaptation. This statement is unfortunately not correct assuming real network & UE deployments with realistic traffic conditions, given the magnitude of required OLLA compensation factors seen in Figure 3, even for moderate interferer levels of {1, 5} dB where the median OLLA factor value equals {+3.3, +5.7} [dB] respectively. This is well-beyond what practical outer-loop algorithm may compensate. Very large CQI biases require long convergence times/large amount of data, which is clearly not suitable to bursty traffic with small data packets. It is generally acknowledged that system level performance is affected by biased CQI values when there is low amount of data/packets and the bias is high [7]. 
Observation 3: 
Non-MBSFN-ABS with colliding CRS requires overall very large CQI compensation factors & outer-loop link adaptation convergence times well beyond what is deemed feasible in practice.
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Figure 2: OLLA factor cdf for TM3/rank-1 at 6 dB SNR for non-colliding RS.
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Figure 3: OLLA factor cdf for TM3/rank-1 at 6 dB SNR for colliding RS.


3
Conclusion
In this contribution we provided further simulation results for TM3 demodulation under non-MBSFN-ABS for colliding/non-colliding RS. On the basis of these results, it was observed that:
Observation 1: 
Non-MBSFN-ABS with colliding RS leads to worse TM3 performance in the medium-to-high SNR range compared to the non-colliding case.
Observation 2: 
Considerations on practical outer-loop link adaptation range in Rel-10 eICIC network deployments caps the maximum tolerable ABS interference to a value (to be determined) below or equal to 5[dB].
Observation 3: 
Non-MBSFN-ABS with colliding CRS requires overall very large CQI compensation factors & outer-loop link adaptation convergence times well beyond what is deemed feasible in practice.
Related to colliding RS under non-MBSFN-ABS, practical considerations on link adaptation for PDSCH reveal severe issues with very large observed CQI biases which cannot be compensated in practice. The results herein together with the ones for RLM in [4] confirm earlier analysis in [3]. There is no benefit to be expected from configuring eICIC features in a Rel-10 deployment using non-MBSFN-ABS subframes under colliding RS since UE does not get any advantage of measurement restrictions for RLM/RRM/CSI. Hence, a majority of companies does not see the need of deriving corresponding demodulation requirements in Rel-10 timeframe [1], and 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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