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1. Introduction

In RAN#68 plenary meeting the new RAN4 WI “Interference mitigation for downlink control channels of LTE” was approved [1] (further denoted as CCIM WI). The general objective of the WI is to specify UE demodulation requirements for the DL control channels with practical interference aware receivers that can be used for inter-cell interference cancellation and suppression. The WID includes the following objectives on the reference IM receivers [1]:

	· The candidate advanced receivers to be considered for demodulation requirements are the existing PDSCH receiver structures defined in Rel-11/Rel-12, with capability of

· Linear suppression of control channel interference of interfering cells such as

· MMSE-IRC

· E-MMSE-IRC

· And

· Cancellation of CRS interference of interfering cell

· Identify the scenarios and evaluation assumptions (including the reference receiver(s) for defining performance requirements depending on the gain for each of the control channels listed below) during the works

· CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.

· The work for E-MMSE-IRC is prioritized over that for MMSE-IRC.


In the previous RAN4 meeting a number of agreements on the reference IM receivers were reached [2]:

	· Baseline Rel.8-12 control channel receiver structures

· PDCCH, EPDCCH, PCFICH/PHICH: LMMSE-MRC receiver 

· IM receiver structures for PDCCH/PCFICH/PHICH (for information)
· Synchronous network scenarios: 

· Option 1: E-LMMSE-IRC

· Option 2: E-LMMSE-IRC + CRS-IC

· Option 3: LMMSE-IRC

· Option 4: LMMSE-IRC + CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

· IM receiver structures for EPDCCH

· Synchronous network scenarios: LMMSE-IRC + Non-colliding CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

· Companies are encouraged to bring further inputs on the E-LMMSE-IRC receiver assumptions

· Clarifications on the E-LMMSE-IRC receiver structures in terms of the type of the reconstructed covariance matrix and number of co-processed REs 

· Assumptions on interferer PDCCH region duration 

· Assumptions on interferer PDCCH/PHICH/PCFICH power boosting and loading

· Assumptions on UE blind detection of power boosting, loading, CFI etc. of interferer.

· Receiver downselection

· Companies are encouraged to bring simulation results to justify the receiver selection for PDCCH/PCFICH/PHICH in the next meeting. 

· The receiver downselection will be done based on companies’ inputs.
· Assumptions on interference

· PDSCH interference parameters blind detection is out of the scope

· Number of handled interferers for E-LMMSE-IRC and CRS-IC

· Single dominant interferer is handled (if NAICS interference profile is used)

· Number of receive antennas at the UE

· Focus on 2 RX UEs

· 4RX UEs are not precluded

· Fallback

· Whether any fallback needed

· Fallback conditions

· Fallback receiver structure


In this contribution we present our views on the reference control channel receiver structures.
2. Discussion

To specify enhanced UE demodulation requirements for control channels, the common assumptions on the enhanced interference-aware receivers need to be discussed and agreed. The main questions which need to be discussed include:

· Reference IM receivers for PDCCH/PCFICH/PHIICH

· E-LMMSE-IRC receiver assumptions
· Number of handled interferers

· Fallback assumptions

· Enhanced receivers applicability for 4RX UEs

2.1 PDCCH/PCFICH/PHICH reference IM receivers

Based on the WID [1] all candidate receivers including LMMSE-IRC, E-LMMSE-IRC and CRS-IC structures can be considered in application to the PDCCH/PCFICH/PHICH receive processing. At the same time, based on the WID, the work on the E-LMMSE-IRC receiver is explicitly prioritized. In the last meeting the receiver structures for the PDCCH/PCFICH/PHICH were discussed, however no conclusions were reached. The following receiver are considered: 
· LMMSE-IRC. The LMMSE-IRC based processing is based on the assumption that the receive signal covariance matrix is estimated on the serving cell CRS after subtraction of the reconstructed serving cell signal similar to the LMMSE-IRC based receiver introduced for the CRS-based PDSCH in Rel-11 [3]. Alternatively, the PDCCH “data” REs can be used for the total covariance matrix estimation. The key difference of the LMMSE-IRC comparing to the E-LMMSE-IRC is the absence of the explicit interference cell channel estimation. The LMMSE-IRC can be used for both synchronous and asynchronous networks. For the latter one, this is the only possible implementation option and can be recommend to define the minimum requirements.
· E-LMMSE-IRC. The enhanced E-LMMSE-IRC receivers rely on full channel estimation for both serving and interference cells and, hence, can be applied in the synchronous networks only. The key idea is to improve the interference + noise covariance matrix estimation for the MMSE receiver which can be achieved via estimation of the interference channel using the CRS REs and reconstruction of the receive signal covariance matrix given that aggressor has concurrent PDCCH transmissions. Following the analysis in Section 2.2.1 depending on the CRS pattern scenario UE may or may not take into account Transmit Diversity precoding at the interferer cell. As mentioned in Section 2.2.2, the interference suppression can be done under the worst case assumption of full interference hit and uniform power distribution. In case of a partial hit scenario or non-uniform power distribution some noise amplification is expected, however receivers can still achieve substantial performance gains. Finally, as described in Section 2.2.3, the E-LMMSE-IRC receivers may potentially take benefit if interferer PCFICH detection in case of CFI > 1 scenarios. However, even without PCFICH detection the performance improvement over legacy receiver structures is observed. Finally, we would like to note that E-LMMSE-IRC receivers can be used for the synchronous networks only.
· CRS-IC. In addition to the receiver structures described above, colliding and non-colliding CRS-IC can be also applied for the PDCCH, PCFICH, and PHICH in the synchronous networks jointly with LMMSE-IRC or E-LMMSE-IRC to improve the performance under conditions, when the CRS interference becomes a meaningful factor. It is generally evident that CRS-IC can be beneficial. However, the exact performance gains would depend on multiple factors including interference power, interference loading, number of useful signal REs affected by the CRS interference.

Based on the results of the detailed analysis in [4] we make the following observations on the efficiency of different receiver structures in different scenarios.
Observations #1 (Receiver structures for PDCCH/PCFICH/PHICH):
· PDCCH
· Synchronous networks, Colliding CRS scenarios: E-LMMSE-IRC receivers provide substantial improvement on top of the LMMSE-IRC receivers, especially for the high INR conditions. The performance gains from using CRS-IC are rather limited and may not be testable. 
· Synchronous networks, Non-Colliding CRS scenarios: For the CFI = 1 case noticeable performance improvement is achieved for the case of using LMMSE-IRC + CRS-IC and E-LMMSE-IRC + CRS-IC processing. The performance of both schemes is comparable. For the CFI > 1 case E-LMMSE-IRC + CRS-IC receivers provide the largest performance improvement.
· Asynchronous networks: LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC receivers in scenarios with asynchronous transmissions in the neighbouring cells.
· PHICH:
· Synchronous networks, Colliding CRS scenarios: E-LMMSE-IRC receivers provide substantial improvement on top of the LMMSE-IRC receivers, especially for the high INR conditions. The performance gains from using CRS-IC are rather limited and may not be testable.
· Synchronous networks, Non-Colliding CRS scenarios: CRS-IC provides noticeable additional performance improvement for both LMMSE-IRC and E-LMMSE-IRC receivers for all considered scenarios. E-LMMSE-IRC + CRS-IC receivers provide the largest performance improvement.

· Asynchronous networks: LMMSE-IRC receivers provide noticeable performance improvement over LMMSE-MRC receivers in scenarios with asynchronous transmissions in the neighbouring cells.
· PCFICH: Similarly to other physical channels, enhanced IM receivers including E-LMMSE-IRC allow achieving substantial performance improvement over LMMSE-MRC. However, the absolute PCFICH demodulation performance is much better than for the PDCCH and the PCFICH demodulation will not have or have very limited impacts on the PDCCH decoding. Therefore, using enhanced IS/IC receivers for the PCFICH processing may be not testable.
· The E-LMMSE-IRC receiver structure is robust to the imperfect knowledge of the interference signal power offset and presence and can achieve performance gains under a variety of different interference conditions.
Proposal #1:
Consider the following reference IS/IC receiver structures for PDCCH/PCFICH/PHICH:

· Synchronous network scenarios: E-LMMSE-IRC + CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

2.2 E-LMMSE-IRC receiver assumptions

During the RAN4 discussion in the last meeting several open questions on the E-LMMSE-IRC receiver processing assumptions were raised and need further discussion:

· Number of co-processed interference REs

· Whether interferer power boosting and presence detection is needed

· Whether interferer PCFICH detection is needed

2.2.1 Number of co-processed REs

Different types of the E-LMMSE-IRC receivers can be considered depending on whether SFBC properties of the interference signal are taken into account [5]. In particular, the following processing algorithms can be considered for the case of using 2 CRS APs in the serving and interference cells:
1. E-LMMSE-IRC Type 1: Interference covariance matrix is estimated under assumption that interference signals are transmitted based on SM Rank 2 precoder, i.e. the interference covariance matrix reflects the interference observed on 1 RE. Such type of processing is applicable for all considered scenarios including colliding and non-colliding CRS cases.
It is assumed that that receive signal has the following model:
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In this case the interferer covariance matrix for a combined serving cell signal can be reconstructed as follows:
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2. E-LMMSE-IRC Type 2: Interference covariance matrix is estimated under assumption that SFBC mode is used for the interference signal transmission and 2 REs are used for estimation to take into account special structure of interference signals. This type of E-LMMSE-IRC processing is applicable for all REs in the colliding CRS scenarios and for the second and third OFDM symbols REs in the non-colliding CRS scenarios (i.e. symbols without CRS interference).
It is assumed that that receive signal has the following model:
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In this case the interferer covariance matrix for a combined serving cell signal can be reconstructed as follows:
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3. E-LMMSE-IRC Type 3: Interference covariance matrix is estimated under assumption that SFBC mode is used for the interference signal transmission and 3 REs are used for the estimation to take into account special structure of the interference signals. This method may be applied for the demodulation of the first OFDM symbol in the non-colliding CRS case.
It is assumed that that receive signal has the following model:
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The interferer covariance matrix for a combined serving cell signal can be reconstructed as follows (after non-colliding CRS-IC processing):
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Below, in Figure 1 we provide the comparison of different E-LMMSE-IRC receiver types for the colliding and non-colliding CRS scenarios. For the non-colliding CRS scenario with CFI = 3 it is assumed that E-LMMSE-IRC Type 2 processing is applied for second and third symbols, while either Type 1 or Type 3 processing is applied for the first symbol (E-LMMSE-IRC 1 + 2 and E-LMMSE-IRC 3 + 2). The simulation assumptions are described in the Annex A.
	Colliding CRS pattern. CFI = 1. High INR. 
100% PDCCH loading. Uniform power profile.
	Colliding CRS pattern. CFI = 3. High INR. 
100% PDCCH loading. Uniform power profile.
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	Non-Colliding CRS pattern. CFI = 1. High INR. 
100% PDCCH loading. Uniform power profile.
	Non-Colliding CRS pattern. CFI = 3. High INR. 
100% PDCCH loading. Uniform power profile.
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	Figure 1. Impact of the number of co-processed interference REs on the E-LMMSE-IRC performance


Observations #2 (Number of co-processed REs for E-LMMSE-IRC):
· Colliding CRS scenarios: The E-LMMSE-IRC Type 1 processing provides ~2dB performance improvement over LMMSE-IRC processing. The E-LMMSE-IRC Type 2 processing provides further noticeable performance improvement over both E-LMMSE-IRC Type 1 processing and LMMSE-IRC.
· Non-colliding CRS scenarios: For the single symbol control region, the E-LMMSE-IRC Type 3 processing provides the largest performance improvement comparing to other schemes. However, the algorithm imposes additional computational complexity due to increased receiver signal covariance matrix size and performance gain vs Type 1 processing is rather limited (~ 1dB). For the CFI =3 case, the performance of Type 1 and 3 processing is almost same under assumption that Type 2 processing is applied in the second and third symbols.

Proposal #2:
Use the following E-LMMSE-IRC receiver assumptions:

· E-LMMSE-IRC Type 2 for the Colliding CRS scenarios and Non-colliding CRS scenarios for OFDM symbols without CRS.
· E-LMMSE-IRC Type 1 for the Non-colliding CRS scenario first OFDM symbol.
2.2.2 Interferer power boosting and presence
The eNB may apply control channel signal transmissions power (i.e. apply boosting / reduction) with potentially per-REG level granularity. Power control can be used to improve DL control physical channels coverage and increase link budget for the cell-edge UEs. In addition, the power control can be used to adjust the error rate for ACK/NACK PHICH transmissions. The LTE specifications do not impose any strict constraints in terms of the possible set of used power offset values and the exact decision is up to the eNB control channel scheduler and not known at the UE side. Furthermore, UEs do not have information on the potential set of the values. In addition, the interference control channel loading depends on the instantaneous scheduler decisions and cannot be reliably predicted. Hence, on some REGs the interference can be present and on some not. Finally, we would like to note that UE does not actually have information on the power boosting of the serving cell signal.
With respect to the interference signal presence and power assumptions we consider the following candidate approaches:

· Conservative processing: The E-LMMSE-IRC receiver interference covariance matrix is derived under assumption of unavailability of the reliable information on power boosting and signal presence and, in particular, under assumption that the interferer transmissions have uniform power distribution with 0 dB boosting vs the CRS power and also have 100% RU. In case of linear MMSE processing the misaligned assumptions might lead to some noise amplification effects, however, are not expected to have substantial impacts on the overall performance.

· Blind presence and/or power offset detection: To apply correct processing UE needs to perform blind detection of the interference signal presence, power offset and also serving cell signal power offset on a per-REG level. Different blind detection algorithms can be considered and are up to UE implementation. In general case, if UE has reliable information on the mentioned parameters it can potentially apply more enhanced processing including R-ML joint detection. Such algorithms, are in fact out of the WI scope, however can still be considered for UE implementation subject to the fact that UE fulfills the demodulation requirements.
Below, we provide results of the link-level analysis with the comparison of the following receiver structures:
· LMMSE-MRC

· LMMSE-IRC

· E-LMMSE-IRC with conservative assumptions on the interference signal presence and power offset

· E-LMMSE-IRC with genie knowledge of the serving and interference cell signals presence and power offset
· E-LMMSE-IRC with blind detection of the serving and interference cell signals presence and power offset
The following scenarios in terms of the interference signal presence and power offset are considered:

· Scenario #1: 100% interferer PDCCH loading, Uniform power distribution (0 dB)
· Scenario #2: 50% interferer PDCCH loading, Uniform power distribution (0 dB)
· Scenario #3: 25% interferer PDCCH loading, Uniform power distribution (0 dB)
· Scenario #4: 0% interferer PDCCH loading (i.e. no PDCCH interference)
· Scenario #5: 100% interferer PDCCH loading, Non-Uniform power distribution (random value from -6:6 dB on a per REG-level)
· Scenario #6: 50% interferer PDCCH loading, Non-Uniform power distribution (random value from -6:6 dB on a per REG-level)
· Scenario #7: 25% interferer PDCCH loading, Non-Uniform power distribution (random value from -6:6 dB on a per REG-level)
The performance is investigated for the High INR conditions for the case of CFI = 3 for the colliding CRS scenario. The performance is analysed for the PDCCH AL 2. Other simulation assumptions are described in the Annex A. The link-level simulation results are illustrated in Figure 2.
	100% Loading. Uniform power. PDCCH AL2
	100% Loading. Non-uniform power. PDCCH AL2
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	50% Loading. Uniform power. PDCCH AL2
	50% Loading. Non-uniform power. PDCCH AL2
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	25% Loading. Uniform power. PDCCH AL2
	25% Loading. Non-uniform power. PDCCH AL2
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	Summary
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	Figure 2. Interference presence and power offset knowledge impact on E-LMMSE-IRC performance


Observations #3 (Interferer power boosting and presence parameters for E-LMMSE-IRC):
· E-LMMSE-IRC receivers with conservative processing assumptions on the interferer power boosting and presence (i.e. 100% loading and 0 dB boosting) allow achieving substantial performance improvement over LMMSE-MRC and LMMSE-IRC receivers for the majority of investigated scenarios.

· Using blind detection of the interference parameters allows further E-LMMSE-IRC receiver performance improvement for the scenarios with low interferer PDCCH loading and non-uniform power level distribution. However, the operating SINR points for such conditions are extremely low and unrealistic even under assumption of using low PDCCH ALs. 

Based on the analysis above, we think that although blind detection of the interference parameters provides certain performance improvement, the gains can be achieved for the corner case scenarios and there are no actual system benefits. So, additional blind detector implementation complexity is not justified given that the conservative approach already provides substantial performance improvements over LMMSE-MCR/LMMSE-IRC and the detector is not so sensitive to the misaligned assumptions on the interference structure. Therefore, we think that the minimum performance requirements for the reference PDCCH/PCFICH/PHICH IS/IC receivers should be introduced under assumption that the interferer transmissions have uniform power distribution with 0 dB boosting vs the CRS and also have 100% RU. Meantime, UEs may still implement more sophisticated algorithms and further optimize the performance, however such behaviour should not be mandated.
Proposal #3:
The E-LMMSE-IRC performance requirements are defined under assumption that UE does not make interferer presence and power offset blind detection and interference covariance is reconstructed for the case of 100% interferer presence and 0 dB power boosting.
2.2.3 Interferer PDCCH region duration

To apply E-LMMSE-IRC processing for PDCCH and PHICH UE needs to have information on the interference cell control region duration. Several approaches can be considered:

· Conservative processing: UE may skip interferer PCFICH detection and always assume that control region occupies 1 OFDM symbol and apply E-LMMSE-IRC processing for the 1st symbol and LMMSE-IRC processing for the remaining symbols.

· Interferer PCFICH detection: UE may autonomously detect the interferer PCFICH to detect the interferer cell PDCCH region duration. However, such sort of processing may impose additional UE complexity and the aggressor PCFICH detection reliability needs some further study. In case of the PCFICH detection is used, UE may apply the E-LMMSE-IRC processing for the overlapping serving/interference PDCCH symbols. For the symbols where the serving cell PDCCH overlaps with the interferer PDSCH the LMMSE-IRC/MRC processing can be applied.
The conservative processing approach is expected to have approximately same performance as PCFICH blind detection for the case when the serving or interference CFI = 1. In other cases the PCFICH blind detection may potentially provide better performance than the conservative processing. In Figure 3 we illustrate the E-LMMSE-IRC PDCCH receiver performance for different serving and interference CFI under assumptions of using Conservative processing approach, Genie knowledge of the interferer CFI and also for interferer PCFICH blind detection. In Table 1 below we compare the performance of the two approaches in case of perfect PCFICH detection

Table 1. Interferer PCFICH detection vs Conservative Interferer PDCCH region processing
	Neighbouring cell

Serving cell
	1
	2
	3

	1
	Same performance
	Same performance
	Same performance

	2
	Same performance
	PCFICH detection ≥ Conservative processing.

	3
	Same performance
	


	High INR. Colliding CRS. 
Serving CFI = 2. Interference CFI = 2.
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	High INR. Colliding CRS. 
Serving CFI = 3. Interference CFI = 3. 
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	Medium INR. Colliding CRS. 
Serving CFI = 2. Interference CFI = 2.
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	Medium INR. Colliding CRS. 
Serving CFI = 3. Interference CFI = 3. 
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	Figure 3. Interferer PCFICH detection vs Conservative interferer PDCCH region processing


Observations #4 (Interferer PDCCH region duration):
· Using information on the interferer PCFICH provides evident performance benefits for the E-LMMSE-IRC receivers comparing to the conservative processing for the case of serving/interference cell CFI > 1.
· Blind detection of the interference cell PCFICH has very reliable performance and does not lead to any E-LMMSE-IRC receiver performance loss comparing to the ideal knowledge of the interferer control region duration.
Based on the provided results we observe noticeable benefits of using interferer PCFICH blind detection for the investigated scenarios. From the minimum performance requirements, we consider the following possible approaches to be discussed in RAN4:
· Option 1: Define the minimum performance requirements for the serving/interferer cell CFI = 1 and do not mandate interferer PCFICH detection.

· Option 2: Define the minimum performance requirements for the serving/interferer cell CFI > 1 and mandate interferer PCFICH detection.
· Option 3: Define the minimum performance requirements for the serving/interferer cell CFI > 1 and do mandate interferer PCFICH detection.

In our view, at least the requirements for the CFI = 1 should be defined. Whether the requirements for the CFI > 1 should be defined may need further discussion in RAN4.
Proposal #4:
Define the performance requirements for the CFI = 1. FFS whether to introduce requirements for the CFI > 1 case and whether the minimum requirements mandate interferer PCFICH detection.
2.2.4 CRS assistance information

Based on the WID [1] “CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction”. The CRS assistance information is required to enable operation of the CRS-IC receivers and includes information of the PCID, number of CRS APs and MBSFN configurations. In addition, CRS assistance information is used to implicitly inform UE on the network synchronization assumptions.

[image: image27.png]CRS-Assistancelnfo-r11 ::= SEQUENCE {
physCellld-r11 PhysCellld,
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mbsfn-SubframeConfigList-r11 ~ MBSFN-SubframeConfigList,




So, first of all, CRS assistance information is used to enable the CRS-IC receiver operation. In addition it can be used to trigger E-LMMSE-IRC processing for PDCCH/PCFICH/PHICH. In particular, the UE might exploit the information on the network synchronization, presence of MBSFN subframe and number of CRS antenna ports. In case the CRS assistance is not provided, UE might be expected to fallback to the basic LMMSE-IRC processing.

Proposal #5:
CRS-AssistanceInfo is used to trigger E-LMMSE-IRC and CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can fallback to the LMMSE-IRC and is not expected to make blind detection of the CRS Assistance information.
2.3 Number of handled interferers

Similar to the prior RAN4 enhanced IS/IC receivers studies, the assumptions on the number of handled interferers for the definition of the minimum performance requirements need to be defined for the case of using E-LMMSE-IRC and CRS-IC receivers. It should be noted that currently in the NAICS WI scope it is expected that UE needs to handle a single dominant interferer in terms of the PDSCH-IS/IC and CRS-IC to fulfil the minimum performance requirements. The similar assumptions can be considered for the CCIM receivers. The main rationale to require using single cell IS/IC is that the key performance gains come from the suppression of the dominant interferer only, while handling of the second cell may require additional implementation complexity and, in fact, may not guarantee improved performance due to potential channel estimation errors for the weak signal.

In the Figure 4 below we compare the PDCCH demodulation performance for the case of using 1 and 2 interference cell processing under assumption of perfect channel estimation. The results are provided for the High INR conditions [X]. It may be observed that IS/IC of the second cell interference provides relatively small additional gains comparing to the single cell IS/IC.
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	Figure 4. Number of handled interferers impact on PDDCH performance


Proposal #6:
Define the minimum E-LMMSE-IRC + CRS-IC control channel demodulation performance requirements under assumption of using single interferer cell IS/IC.
2.4 Fallback

In the previous RAN4 meeting the CCIM receiver fallback behaviour was discussed and several questions were raised.
· Whether any fallback needed?
· Fallback conditions

· Fallback receiver structure
Based on the results of our analysis we observe that the situations when the enhanced CCIM receiver have performance loss vs the LMMSE-MRC/IRC receivers are very rare and may potentially happen in the extremely low SINR conditions. Therefore, we think that there is no need to specify any dedicated requirements to check UE fallback behaviour.
2.5 Enhanced receivers for 4RX UEs

In LTE Rel-13 the 4 RX receiver are also being standardized. In general, the IS/IC receive processing in case of 2/4 RX chains is technically almost identical and hence no dedicated test case may be needed for the 4 RX case. Instead, the 4RX UEs might be required to the pass the newly defined 2RX tests based on the approach currently debated in the 4RX WI.
Proposal #7:
4RX UEs are required to pass the 2RX UEs test cases.
3. Conclusions

In this contribution, we have provided our views on the reference control channel receiver structures. In summary, we make the following proposals:
Proposal #1:
Consider the following reference IS/IC receiver structures for PDCCH/PCFICH/PHICH:

· Synchronous network scenarios: E-LMMSE-IRC + CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

Proposal #2:
Use the following E-LMMSE-IRC receiver assumptions:

· E-LMMSE-IRC Type 2 for the Colliding CRS scenarios and Non-colliding CRS scenarios for OFDM symbols without CRS.
· E-LMMSE-IRC Type 1 for the Non-colliding CRS scenario first OFDM symbol.
Proposal #3:
The E-LMMSE-IRC performance requirements are defined under assumption that UE does not make interferer presence and power offset blind detection and interference covariance is reconstructed for the case of 100% interferer presence and 0 dB power boosting.
Proposal #4:
Define the performance requirements for the CFI = 1. FFS whether to introduce requirements for the CFI > 1 case and whether the minimum requirements mandate interferer PCFICH detection.
Proposal #5:
CRS-AssistanceInfo is used to trigger E-LMMSE-IRC and CRS-IC operation. In case CRS-AssistanceInfo is not provided, UE can fallback to the LMMSE-IRC and is not expected to make blind detection of the CRS Assistance information.
Proposal #6:
Define the minimum E-LMMSE-IRC + CRS-IC control channel demodulation performance requirements under assumption of using single interferer cell IS/IC.
Proposal #7:
4RX UEs are required to pass the 2RX UEs test cases.
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Annex A: Simulation Assumptions

Table 2. Simulation parameters

	Parameters
	Value

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	Channel model
	EPA-5Hz for all links

	Number of interference cells
	2 interfering cells

	Interference power profile
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

Medium INR:  I1/Noc = 7.77 dB, I2/Noc = 2.29 dB

High INR:        I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Network synchronization scenarios
	Synchronous network, no time/frequency offsets

	Cell ID
	Serving cell: 0

Colliding CRS (sections 2.2.1-2.2.3): Interferer cell #1 - 6, Interferer cell #2 – 1

Colliding CRS (section 2.3): Interferer cell #1 - 6, Interferer cell #2 - 12

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 – 6

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2 with Low correlation

	Tx EVM
	6%

	Serving cell PDCCH
	AL 2
DCI Format 2 (43 bits – FDD, 10MHz)

	CFI
	Section 2.2.1: CFIS = 1, CFII = 1 and CFIS = 3, CFII = 3
Sections 2.2.2, 2.3: CFIS = 3, CFII = 3
Section 2.2.3: CFIS = 2, CFII = 2 and CFIS = 3, CFII = 3

	Interference model
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity:

· Sections 2.2.1, 2.2.3, 2.3: 100% PDCCH loading + Uniform power distribution.
· Section 2.2.2: detailed information is in section.
PCFICH interference is explicitly modelled
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