3GPP TSG-RAN WG4 Meeting #72bis
                                                                         R4-145750
Singapore, 6 – 10 Oct, 2014
Source: 
Huawei, HiSilicon
Title: 
Evaluation on the NAICS remaining performance issues
Agenda Item:
7.12.1

Document for:
Discussion
1 Introduction

Apparently, with respect to the progress of NAICS in previous RAN4 meeting, it’s a fact that the feasibility of NAICS receiver is only justified in restricted scenarios, which makes it not very convincing to declare the feasibility of NAICS receiver in realistic network. The reason is that to meet with the deadline of R.12, RAN4 couldn’t have sufficient time to make comprehensive evaluations, but has to make some conclusion for the progress of RAN1. Now without the time pressure deadline, RAN4 should firstly clarify the remaining performance issues and then move to the next step: defining NAICS performance requirements. Thus in this contribution, we will discuss the remaining performance issues for NAICS receiver including:
· CRS pattern: CRS-colliding and CRS-non-colliding
· Mixed transmission mode

· PDCCH interference impact on NAICS performance

In our opinion, those issues would be very essential for defining performance requirement and finishing the whole works of NAICS.

2 CRS colliding/non-colliding
In this section, we will evaluate the performance gain of blind detection for non-CRS-colliding interference to further verify the feasibility of blind detection with different interference levels. The simulation assumptions are listed in Table 1 and throughput performance are illustrated in Figure 1. For the purpose of comparison, we also plot the throughput curve of CRS-colliding case.
Table 1 Simulation assumptions for different CRS configuration
	Parameters
	Values

	Interference modelling 
	two explicitly modelled interference cells

	Interference condition
	Case 1:

INR_1=13.91dB, INR_2=3.34dB
Case 2:

INR_1=7.77dB, INR_2=2.29dB

	Propagation channel
	2x2 low, EPA5

	Time and Frequency offset
	serving cell: 2ns, 0Hz

1st interference cell: 2us, 200Hz

2nd interference cell: 0us, 0Hz

	Transmission mode
	TM4 rank 1, QPSK 1/2 for both serving and interference cell

	Channel and noise estimation
	CRS-IC based channel estimation

Noise variance is estimated after CRS-IC

	Advanced receiver
	R-ML with CRS-IC
R.11 MMSE-IRC with CRS-IC

	Parameters to be blindly detected
	PMI/RI, Modulation order, Pa

	PDCCH length
	2 symbol

	CRS configuration
	CRS colliding/CRS-non-colliding
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Figure 1 Performance of R-ML with blind detection
It could be observed that 
· In the case of CRS-colliding, NAICS receiver could achieve significant performance gain over LMME-IRC receiver at both high and medium interference levels and for both QPSK and 16QAM interference modulation order
· In the case of CRS-non-colliding, NAICS receiver could achieve similar or worse performance compared to LMME-IRC receiver at both high and medium interference levels
Based on the above observations, we propose that:

Proposal 1:

In the case of CRS based transmission for both serving and interference cell, NAICS UE could be required to suppress the interference only in CRS-colliding configuration
3 Mixed transmission mode
In this section, we provide more results to investigate the performance of mixed transmission modes. Two different kinds of mixed TM are evaluated:
1. Serving cell is CRS-based transmission; interference is DMRS-based transmission; CRS colliding/non colliding

2. Serving cell is DMRS-based transmission; interference is CRS-based transmission; CRS colliding /non colliding
We would provide our analysis and evaluation on both case 1 and 2 with CRS colliding and CRS non-colliding configurations. The common assumptions and detection algorithms are summarized in Table 2.

Table 2 Simulation assumptions and detection algorithms for mixed transmission mode
	Parameters
	Values

	Interference modelling 
	one explicitly modelled interference cell

	Interference condition
	Case 1:

INR_1 = 13.91dB
Case 2:

INR_1 = 7.77dB

	Propagation channel
	2x2 low, EPA5

	Time and Frequency offset
	serving cell: 2ns 0Hz

interference cell: 2us, 200Hz

	Transmission mode
	TM4 QPSK ½, rank1

TM9 QPSK ½, rank1

	Channel and noise estimation
	CRS-IC based channel estimation

Noise variance is estimated after CRS-IC

	Advanced receiver
	R-ML with CRS-IC
R.11 MMSE-IRC with CRS-IC

	Parameters to be blindly detected
	PMI/RI, Modulation order, Pa

	PDCCH length
	2 symbol

	CRS configuration
	CRS colliding/CRS-non-colliding


Serving cell is CRS-based transmission

The link level performance of advanced receiver with blind detection are provided in Figure 2 for both CRS-colliding and CRS-non-colliding configurations. For the purpose of comparison, we also provide the performance with DMRS interference. 
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Figure 2 Performance of R-ML with blind detection 

With the given simulation assumptions, it could be observed that:

· In CRS-colliding cases, when interference is DMRS-based, the R-ML receiver with blind detection would achieve a significant performance gain over R.11 MMSE-IRC.

· In CRS-non-colliding cases, when interference is DMRS-based, the R-ML receiver with blind detection would achieve similar or worse performance to R.11 MMSE-IRC receive.  

Serving cell is DMRS-based transmission
The link level performance of advanced receiver with blind detection are provided in Figure3 for both CRS-colliding and CRS-non-colliding configurations. For the purpose of comparison, we also provide the performances with CRS based interference. 
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Figure 3 Performance of R-ML with blind detection
With the given simulation assumptions, it could be observed that:

· In both CRS-colliding and CRS-non-colliding cases, when the transmission mode of interference is CRS-based, the R-ML receiver with blind detection would achieve similar or worst performance to R.11 MMSE-IRC; 

Summarizing the above simulation results, we have the following proposals:

Proposal 2:
· When serving cell is CRS-based transmission, from performance point of view, the blind detection on interference is feasible for CRS-colliding scenarios, no matter the transmission mode of interference cells is CRS-based or DMRS-based.
· When serving cell is DMRS-based transmission, from performance point of view, the blind detection on interference is not feasible when the interference is CRS-based transmission.
4 PDCCH interference impact on NAICS performance
In this last meeting, our contribution [5] discussed the impacts of PDCCH interference on NAICS performance. In this section, we would like to resubmit the simulation results and provides our views.

It should be mentioned that currently, the baseline receiver for PDCCH is MRC, not MMSE-IRC. So apparently, the PDCCH receiver is not expected to suppress the inter-cell interference. Furthermore, even NAICS UE is not required to perform MMSE-IRC to suppress the inter-cell interference for PDCCH.
In our simulation, PDCCH miss detection would lead the miss-detection of PDSCH, while RLF (radio link failure) is not considered in our simulation. The detailed simulation assumptions are provided in Table 3 and the results are shown in Figures 4.
Table 3 Simulation assumptions 
	Parameters
	Values

	Interference modelling 
	One explicitly modelled interference cell, INR = 13.39dB

	Propagation channel
	2x2 low, EPA5

	Configuration of interference cell
	CRS: TM4 rank 1, QPSK 1/2

	Configuration of serving cell
	CRS: TM4 rank 1, QPSK 1/2

	Channel estimation
	Perform CRS-IC or DMRS-IC where available

	Baseline Receiver
	R.11 UE

MMSE receiver for PDCCH, MMSE-IRC for PDSCH
R.12 NAICS UE

MMSE receiver for PDCCH, R-ML receiver for PDSCH

	Parameters to be blindly detected
	PMI/RI detection

Modulation order

	PDCCH configuration
	aggregation level 8 CCE, DCI payload 44 bits (with CRC bits)
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Figure 4 Performance of R-ML with blind detection in CRS-colliding cases
It could be observed that:

· The performance of R.12 NAICS UE would greatly deteriorate when the payload of PDCCH interference increases from 0% to 100%. While the performance of R.11 UE is not affected by the variables PDCCH interference.

Based on the simulation, it could be expected that without the modelling of PDCCH interference, the performance gain of NAICS may be greatly overestimated. To resolve this issue, we suggest capturing the full-load PDCCH interference not only for the evaluation on feasibility of blind detection, but also for the coming UE demodulation requirement.
Proposal 3:

For the purpose of clarifying the performance of advanced receiver and defining UE demodulation requirement, full-load PDCCH interference should be modelled from interference cell
5 Conclusion
In this contribution, we capture link level evaluation to verify three remaining issues of NAICS demodulation performance, and they are:

· CRS pattern: CRS-colliding and CRS-non-colliding

· Mixed transmission mode

· The impacts of PDCCH interference for NAICS performance

Based our evaluation and discussion, we have the following proposals:
Proposal 1:

In the case of CRS based transmission for both serving and interference cell, NAICS UE could be required to suppress the interference only in CRS-colliding configuration
Proposal 2:
· When serving cell is CRS-based transmission, from performance point of view, the blind detection on interference is feasible for CRS-colliding scenarios, no matter the transmission mode of interference cells is CRS-based or DMRS-based.
When serving cell is DMRS-based transmission, from performance point of view, the blind detection on interference is not feasible when the interference is CRS-based transmission.
Proposal 3:

For the purpose of clarifying the performance of advanced receiver and defining UE demodulation requirement, full-load PDCCH interference should be modelled from interference cell
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