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Introduction
Discussions on UE demod for eICIC have taken place during past RAN4 meetings and extensive link simulation data has been provided already by several companies. During RAN4#59AH a performance evaluation was conducted for PDSCH demodulation with TM3 under ABS interference [1]-[7]. PDCCH demodulation performance will in turn be considered during RAN4#60 [9]. While most of the work conducted so far in RAN4 on Rel-10 eICIC assumed two baseline setups in terms of ABS and CRS configuration, some concerns have been raised in [10] on not including the case of non-MBSFN-ABS and colliding RS when deriving UE performance requirements.
This contribution discusses ABS and CRS configurations from UE demodulation and CSI reporting perspective, mostly based on available simulation results and experiences learned from link-level simulations, taking into account implementation constraints from real-life receivers.
2
UE demodulation performance under colliding RS
The baseline assumed so far for all the Rel-10 eICIC related work on core/performance requirements is:

· Non-MBSFN-ABS and non-colliding CRS;

· MBSFN-ABS and colliding CRS.

The main reason for not including colliding CRS with non-MBSFN-ABS configuration so far stems from the assumption on using a Rel-8/9 baseline receiver, which makes no assumptions about interference in either ABS- or non-ABS types of subframes. 
Based on practical network planning considerations, it is proposed in [10] to assess the UE demodulation performance with non-MBSFN ABS with colliding CRS as a baseline. One should bear the following in mind prior to deriving potential test cases:
· Under non-MBSFN-ABS with colliding CRS, there is no difference between ABS and non-ABS subframes from RLM/RRM measurement perspective;
· Under non-MBSFN-ABS with colliding CRS, there is no difference between ABS and non-ABS subframes from CSI (CQI/PMI/RI) measurement perspective.
Observation 1: 
Under non-MBSFN-ABS with colliding CRS, measurement restrictions for RLM/RRM and CSI become effectively useless as they are not reflected in UE measurements, assuming a Rel-8/9 baseline receiver. 
In the following, we address more specifically CSI reporting and UE demodulation performance under colliding RS.
CSI reporting under colliding CRS

CSI reporting under eICIC has been little discussed so far in RAN4. However, it is clear that CSI restrictive subsets will have no effect on UE reporting under non-MBSFN-ABS and colliding CRS. Since the UE performs its CSI measurements over CRS, it remains blind to ABS protection in such configuration due to the CRS collision.
· Reported CQI will show large negative bias in ABS compared to the experienced link quality because it is measured over CRS which collide with a strong interferer. Hence UE reported CQI will be overly conservative, which may lead to improved link performance in the absence of other users but has a negative impact on the system throughput and the performance in a multi-user scenario, as stated in [12]. This is unfortunate as eICIC precisely aims at improving cell throughput performance through TDM coordination among network nodes. In order to be beneficial system wise, ABS subframes must protect several cell-edge pico UEs at the time. Another issue is that the Rel-8 CQI testing methodology itself does not look anymore fitted to handle CQIs which are off by several dBs.
· Reported PMI accuracy is expected to decrease compared to the non-colliding case because PMI is measured over CRS which collide with a strong interferer; 

· Large impact is expected on reported RI because rank estimation at the UE relies on channel and interference estimates, and both of them are measured over CRS which collide with a strong interferer; eNB can hardly compensate erroneous transmission rank in practice because this is to large extent UE implementation specific.
Hence we make the following observations:
Observation 2: 
Under non-MBSFN-ABS with colliding CRS, very large negative bias in reported CQI is to be expected corresponding as such to overly conservative demodulation performance. 
Observation 3: 
Under non-MBSFN-ABS with colliding CRS, PMI accuracy is expected to be lower compared to the non-colliding case.
Observation 4: 
Under non-MBSFN-ABS with colliding CRS, largely erroneous RI can hardly be compensated in practice.

UE demodulation performance under colliding CRS

In terms of UE demodulation, non-MBSFN-ABS and colliding CRS incur impact on channel estimation – for all OFDM symbols within the subframe, but resource elements allocated to physical data channels (PCFICH, PHICH, PDCCH, PDSCH, PBCH, etc.) remain unaffected. 
PDCCH demodulation results in [9] for non-MBSFN-ABS and colliding RS show that:

· Performance is inferior to MBSFN-ABS and colliding RS for all considered interferer levels, as expected;

· Performance is inferior to non-MBSFN-ABS when CFI=3 but slightly superior for CFI=2, which is due to the impact of PCFICH decoding.
PDSCH simulations in [2] show somewhat similar demodulation performance compared to the non-MBSFN-ABS and non-colliding CRS case, however outer-loop link/rank adaptation may be too much idealized or assume full-buffer transmission over long period of time. In terms of PDSCH demodulation, large CQI mismatches remain the most serious show-stopper in practice:
· Large CQI compensation via outer-loop link adaptation needs to be performed at eNB side due to pessimistic CQI reported by the UE in ABS. The main drawback with large CQI compensation factors is that eNB cannot fully take into account receiver aspects typically factored into UE reported CQI;
· Outer-loop link adaptation can hardly compensate for erroneous rank in practice;
· Convergence times for outer-loop link adaptation scale up with the increased CQI bias.

Outer-loop link adaptation (OLLA) and its ability to compensate for inconsistent CQI reporting were extensively studied through link and system simulations during Rel-8 timeframe [11]-[14]. 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 [11]. The range of CQI mismatch is here significantly wider: the bias of the reported CQI in [dB] equals -10 log10(1+10SNRi/10) where SNRi is the interferer SNR in [dB]. The resulting bias values are {-3.5, -6.2, -10.4, -15} [dB] for interfering cell levels of {1, 5, 10, 15} [dB] respectively. Without compensation, such CQIs would result in overly conservative link adaptation which is turn is likely to be highly detrimental to overall spectral efficiency in the network. 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 [11]
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Therefore, even though PDCCH demodulation would be somewhat feasible, PDSCH operation with link adaptation gets extremely challenging in order to reach acceptable spectral efficiency under eICIC interference in ABS and to ensure that the improvments which should be realized by eICIC are obtained in practice. 

Observation 5: 
Under non-MBSFN-ABS with colliding CRS, practical link adaptation for PDSCH becomes extremely challenging, requiring very large CQI compensation factors & outer-loop link adaptation convergence time. 
Additional practical aspects

There are also additional aspects impacting physical channel demodulation:

· The channel estimator is impaired severely by colliding CRS in non-MBSFN-ABS subframes: the operation point for the channel estimation filter cannot be set properly due to pessimistic interference estimate derived from CRS in the colliding case.
· RLM based on CRS will see full interference from the colliding CRS and will be biased similarly to CQI. Hence UE will declare out of sync pessimistically – due to pessimistic hypothetical BLER, which is likely to have a negative impact on system performance and user esperience.
Observation 6: 
Under non-MBSFN-ABS with colliding CRS, the operation point for the channel estimation filter cannot be set properly.
Observation 7: 
Under non-MBSFN-ABS with colliding CRS, RLM will suffer a bias similar to CQI and UE will declare out of sync pessimistically.
Table 1 below summarizes the previous discussion and provides a comparison between the different ABS and CRS configurations.

Table 1: Comparison of ABS & CRS configurations for Rel-10 eICIC
	
	Configuration A

Non-MBSFN-ABS,       non-colliding CRS
	Configuration B

Non-MBSFN-ABS, colliding CRS
	Configuration C

MBSFN-ABS,                  colliding CRS

	PDCCH demod performance
	Impact from PCFICH errors for CFI=2
Impact from PCFICH can be overcome with CFI=3
	PDCCH demod. seems somewhat technically possible

Slightly better performance than for Conf. A but worse than Conf. C (based on [9])
	Best performance (based on [9])
Least impact from PCFICH errors

	PDSCH demod performance
	Acceptable, loss depends on interferer SNR

Extensive simulations results ([1]-[7])
	Only simulated in [2], shows somewhat similar performance compared to Conf. A
	Better than Conf. A, loss depends on interferer SNR

Extensive simulations results ([1]-[7])

	Measurement restrictions for RLM/RRM
	Effective, assuming Rel-8/9 baseline receiver

RLM/RRM measurements have been shown to work by simulation (relaxation needed wrt. Rel-8-9 req.)
	Ineffective, assuming Rel-8/9 baseline receiver, UE is blind to ABS protection
Pessimistic RLM due to large mismatch in PDCCH hypothetical BLER
	Effective, assuming Rel-8/9 baseline receiver

 RLM/RRM measurements have been shown to work by simulation (relaxation needed wrt. Rel-8-9 req.)

	Measurement restrictions for CSI
	Effective, assuming Rel-8/9 baseline receiver
PMI feedback should not be affected

CQI mismatch expected significantly better than Conf. B but worse than for Conf. C
	Ineffective, assuming Rel-8/9 baseline receiver
CSI feedback is severely affected:
-PMI feedback impacted

-Very large negative CQI bias (several dBs)
-RI likely totally flawed
	Effective, assuming Rel-8/9 baseline receiver
Some impact expected on PMI feedback

Least CQI mismatch to be expected compared to other cases

	Practical link adaptation for PDSCH
	Outer-look link adaptation (OLLA) required to compensate CQI mismatch
	Extremely difficult, likely to be either overly conservative or unpredictible:
-Very large OLLA offsets required to compensate CQI mismatch (to reach acceptable spectral efficiency)
-No means for eNB to compensate RI mismatch 
	OLLA required to compensate CQI mismatch

	Setting operation point (SNR, coherence bandwidth) for practical channel estimation 
	Can be set optimally because CRS are not colliding
	Wrongly set, as UE is blind to ABS protection because of CRS collision
	Some impact expected because CRS collide in 1st  OFDM symbol


3
Conclusion
In this contribution we discussed choices of ABS and CRS configurations for deriving UE demodulation/CSI requirements for Rel-10 eICIC. It was observed that:
Observation 1: Under non-MBSFN-ABS with colliding CRS, measurement restrictions for RLM/RRM and CSI become effectively useless as they are not reflected in UE measurements, assuming a Rel-8/9 baseline receiver.
Observation 2: Under non-MBSFN-ABS with colliding CRS, very large negative bias in reported CQI is to be expected corresponding as such to overly conservative demodulation performance. 

Observation 3: 
Under non-MBSFN-ABS with colliding CRS, PMI accuracy is expected to be lower compared to the non-colliding case.
Observation 4: 
Under non-MBSFN-ABS with colliding CRS, largely erroneous RI can hardly be compensated in practice.

Observation 5: 
Under non-MBSFN-ABS with colliding CRS, practical link adaptation for PDSCH becomes extremely challenging, requiring very large CQI compensation factors & outer-loop link adaptation convergence time. 
Observation 6: 
Under non-MBSFN-ABS with colliding CRS, the operation point for the channel estimation filter cannot be set properly.

Observation 7: 
Under non-MBSFN-ABS with colliding CRS, RLM will suffer a bias similar to CQI and UE will declare out of sync pessimistically.
Hence it is seen that Rel-10 eICIC features remains mostly ineffective under non-MBSFN-ABS and colliding CRS, assuming a Rel-8/9 baseline receiver, because the UE is completely blind to RLM/RRM as well as CSI measurement restrictions. Furthermore, practical considerations on link adaptation for PDSCH reveal severe issues such as large CQI biases, erroneous RI/PMI selection, which aspects may have been under-estimated so far due to idealistic simulations. Thus 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. 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, we do not see the need of deriving corresponding demodulation requirements in Rel-10 timeframe. Based on the above considerations and because of needed consistency with existing agreements for RLM/RRM requirments, we propose that:
Proposal 1:

UE demod test cases with non-MBSFN-ABS assume non-colliding CRS and the colliding CRS case is tackled through MBSFN-ABS.
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