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1. Introduction

The RAN4 WG studies in the NAICS WI [1] have shown that in case of using enhanced IS/IC receivers quite substantial gains can be achieved in terms of PDSCH throughput, especially for the cell-edge UEs in the interference limited conditions. It is important to admit that the NAICS receiver enhancements are considered in application to the PDSCH performance improvement and include PDSCH-IS/IC and CRS-IC functionality. Meanwhile, no enhancements for other physical channels were introduced in Rel-12 scope. In addition, the prior NAICS studies were carried out under assumption of no impact of the control channels on the PDSCH demodulation. At the same time, as shown in [2] the PDCCH-based DCI decoding errors might have impact on the NAICS based PDSCH demodulation and reduce achievable NAICS gains.
In this paper we aim to investigate the downlink control channels demodulation impact on the PDSCH performance in case of using NAICS receivers. We also share our views on the next steps in terms NAICS WI Performance part and further Rel-13 receiver enhancements.
2. Receiver structures for downlink data/control channels

The LTE Rel-11 advanced LMMSE-IRC and LTE Rel-12 NAICS receivers are introduced in order to improve the PDSCH demodulation performance in the interference-limited conditions. In fact, the considered receiver ensure substantial PDSCH performance improvements over baseline Rel-8 LMMSE-MRC receivers in the interference-limited conditions. In particular, those receivers allow efficient suppression/cancellation of the inter-cell interference coming from the PDSCH transmissions in the neighbouring cells and achieve performance enhancements in the PDSCH-to-PDSCH victim-aggressor scenario.
Observation:

· Rel-11 LMMSE-IRC and Rel-12 NAICS receivers ensure substantial PDSCH performance improvements under interference limited conditions comparing with the LMMSE-MRC receivers.

At the same time, the applicability of those receivers to other physical channel was not studied in details in 3GPP. Of course, certain UEs may already apply enhanced receive processing algorithms. However, the existing demodulation performance requirements for the downlink control channels (PDCCH, PCFICH, PHICH, and EPDCCH) are still based on the AWGN assumptions and rely on using LMMSE-MRC receivers. Therefore, the inter-cell interference suppression capabilities of the UE receivers for the downlink control channels are not ensured and in the interference-limited conditions the improved performance cannot be guaranteed.

Observation:

· Performance requirements for the downlink control channels (PDCCH, PCFICH, PHICH, and EPDCCH) are based on the assumption of using LMMSE-MRC receivers. Improved downlink control channels performance in interference limited environment cannot be guaranteed.

In general, the LTE downlink control channels are designed in a way to ensure more robust performance than the data channels and have better link-budget. However, such conclusions are valid under assumption of AWGN interference conditions and using similar receiver types. Meanwhile, in the light of the recent advances in the PDSCH performance enhancements which might provide several dB performance improvement in the interference limited conditions, the control channels might become the bottleneck which would limit the system performance.

Observation:

· Downlink control channels performance might become the bottleneck in the interference limited conditions.

In our view this aspect needs to be taken into account in the LTE NAICS WI scope and requires further investigation. The prior RAN4 NAICS studies were carried out under assumption of no impact of the control channels on the PDSCH demodulation. At the same time, as shown in [2] the erroneous PDCCH-based DCI decoding might lead to the PDSCH throughput loss and hence compromise the achievable NAICS gains under strong interference conditions.

3. Link-level performance analysis

To analyse the control channels impact on the PDSCH demodulation performance the link-level analysis of joint PCFICH, PDCCH and PDSCH performance in typical NAICS conditions was done. The summary of the simulation assumptions is provided in the Annex. Comparing to the baseline RAN4 NAICS modelling methodology, the following additional assumptions with respect to the control channels modelling were made:
· PCFICH and PDCCH errors impose the miss of the PDSCH scheduling assignment and the miss of the PDSCH transport block reception;
· Specific downlink control region interference region structure is considered:
· In our view, it may be not realistic to assume full interferer PDCCH loading, especially in case of using non-full buffer traffic, and the reduced loading downlink control region loading needs to be considered. The 0%, 25%, 50% and 100% interference control region loading levels are analysed.
· REG-level granularity is used to model the interferer control region partial loading. 

· The number of active REGs is assigned based on the target control region loading.

· In the active REGs the control region interference is modelled as QPSK signals transmitted using Transmit Diversity MIMO scheme. No signals are transmitted in the inactive REGs.

· The largest PDCCH AL is used for the DCI containing the serving cell PDSCH scheduling assignment;

· Rel-8 LMMSE-MRC receiver is used for the PCFICH/PDCCH demodulation;

· Rel-11 LMMSE-IRC and Rel-12 R-ML receivers are used for the PDSCH demodulation.

The selected simulation results which illustrate the control channels demodulation impact on the PDSCH performance in case of using NAICS and LMMSE-IRC receivers are illustrated in Figures 1 and 2.
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	Figure 1. PDCCH interference load impact on Blind R-ML and LMMSE-IRC receivers performance
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	Figure 2. PDCCH decoding impact on Blind R-ML and LMMSE-IRC receivers performance


The simulation results summary for NAICS receivers gains vs. the LMMSE-IRC is shown in Figure 3 for different control region loading assumption and the case of no PDCCH impact. In Figure 4, we illustrate the potential NAICS receivers performance loss due to PDCCH decoding errors comparing to the case of no PDCCH impact.
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	Figure 3. NAICS receivers gains vs. the LMMSE-IRC
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	Figure 4. NAICS receivers loss vs. the case of no PDCCH impact


Based on the results of the analysis we make the following observations:
Observations:

· The erroneous PCFICH/PDCCH decoding may have noticeable impact on the PDSCH demodulation performance in case of using NAICS and LMMSE-IRC receivers. 

· The performance degradation is observed for both LMMSE-IRC and R-ML receivers, however, for the latter one the loss is more noticeable. Hence, the NAICS gains vs LMMSE-IRC are reduced.
· The largest performance degradation is observed in case of QPSK serving cell transmissions (i.e. low SNR) and high INR level. The negative impact reduces in case of medium INR or in case of using higher SNR region.

· In case of low interference control region loading the DCI decoding impact on the performance reduces but still can be observed is some cases.
4. Views on the next steps

Based on the simulation results provided above it can be seen that the PDCCH can become the bottleneck limiting the NAICS receivers applicability in low SINR conditions in case of medium to high control channel loading.
To improve the NAISC performance, the receiver enhancements for the PDCCH and other downlink control channels need to be investigated. However, such algorithms require detailed studies and were agreed to be moved out of NAICS SI/WI scope. At the same time, the respective enhancements for control channel are already proposed to be introduced in the LTE Rel-13 in the Control channel IS/IC SI [3,4]. In particular, the SI proposes to introduce enhanced receiver structures which would boost the downlink control channels performance in the interference limited conditions. For instance, in Figure 5 we illustrate the performance advantages from using interference aware receivers (e.g. E-MMSE-IRC or ML) for the demodulation of PCFICH/PDCCH for two PDCCH aggregation levels of 4 and 8 CCEs. It can be seen that the efficiency of control channel performance can be substantially improved over conventional LMMSE-MRC receivers. 
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Figure 5. PDCCH performance with different receiver structures
However, such enhancements can be introduced in the Rel-13 scope only, since they require additional studies and potential introduction of network assistance.

Observations:

· Enhanced downlink control channel IS/IC receivers need to be introduced to improve the PDCCH decoding performance and avoid impact on NAICS efficiency.

Meanwhile, at current stage a solution for the Rel-12 NAICS framework should be defined to handle the respective issues with PDCCH decoding impact. In our view, the following possible approaches can be considered:
· Option 1. Exclude low SINR scenario where substantial impact of the control channel demodulation is observed from the NAICS Performance part scope. The respective requirements can be introduced when the enhanced PDCCH performance requirements are defined.

· Option 2. Assume medium to high loading for the interferer control channel and define penalized performance requirements under those conditions. The non-penalized requirements can be introduced when the enhanced PDCCH performance requirements are defined.
· Option 3. Assume low or no loading for the interferer control channel and define non-penalized performance requirements under those conditions. 
In our view, the Option 3 is more preferable. This approach would allow to split verification of the PDSCH and PDCCH receivers implementation rather efficiently. Furthermore, it would allow to specify minimum requirements which would correspond to the NAICS potential performance. However, we would like to note that in practical deployments the UE may still have issues with PDCCH decoding. So, the respective control channel receivers enhancements need to be specified at the earliest convenience.
5. Conclusions

In this contribution we have studied the downlink control channels demodulation impact on the PDSCH performance in case of using NAICS receivers. In particular, we have shown that the PDCCH can become the bottleneck limiting the NAICS receivers applicability in low SINR conditions in case of medium to high control channel loading. Hence, potential control channel enhancements need to be considered in the future. Meanwhile, for the NAICS performance requirements definition low or no loading for the interferer control channel can be considered to avoid impact on the PDSCH demodulation performance requirements. In summary, we make the following proposals:
Proposals:

1. Assume low or no loading for the interferer control channel in the LTE Rel-12 NAICS WI scope.

2. Further study enhanced receivers for the downlink control channels in the LTE Rel-13.
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Annex A. Simulation assumptions
Table 1. Simulation assumptions.

	Parameter
	Value

	Channel
	EPA-5Hz

	System bandwidth
	10 MHz

	Number of interference BS
	2

	Cell ID
	Serving cell: 0

Interferer cell #1: 6

Interferer cell #2: 1

	Antenna configuration
	2x2, low correlation

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

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

Medium INR: 50%-tile I1/Noc: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
High INR: 80%-tile I1/Noc: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Useful signal PDSCH transmission parameters
	TM9, RI = 1

12 PRB resource allocation

MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½

	Useful signal PDCCH/PCFICH transmission parameters
	CFI = 2, PDSCH starting symbols follows CFI

PDCCH format 3
DCI size = 42 bits payload + 16bits CRC

	Interference signal PDSCH transmission parameters
	TM9, RI = 1

MCS 5: QPSK, Rate 1/3

	Interference signal PDCCH/PCFICH transmission parameters
	CFI = 2, PDSCH starting symbols follows CFI

REG level partial load control region interference model

0%, 25%, 50%, 75% and 100% loading

	Receiver structures
	PDSCH demodulation: NAICS (Blind R-ML) and LMMSE-IRC

PDCCH demodulation: LMMSE-MRC
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