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1	Introduction
In 3GPP RAN4 #72Bis meeting, RAN4 has triggered the discussion on NAICS performance part. In general, RAN4 will define two set of test cases. One is for the purpose of performance gain verification, while the other one is to ensure no performance loss. In [1], we discussed the test purpose and test scope of NAICS demodulation test. In this contribution, we provide our consideration on the test case design of NAICS demodulation test, which mainly focus on the purpose of performance gain verification, covering the following aspects:
· Interference model
· Transmission Format (TM, MCS, RI)
· Higher-layer signaling parameters
· Strongest interference selection
· CFI configuration
· TDD subframe configuration
2 Discussion
Interference model
The interference model has been developed in SI phase and widely used in WI core part phase. Overall, it is reasonable to re-use this proven interference model, e.g.
· Interference cell number = 2
· Prioritize the interference power profile corresponding to medium and high INR conditions (50% and 80% I1/Noc CDF) under the NAICS Scenario 1, 40 % RU and low geometry.
In the core part phase, the interference model is used with fixed transmission format (e.g. TM, RI, MCS) in both time and frequency domain. In the performance part, it may also need to verify NAICS is able to handle the time-frequency variant interference as agreed in core part. Some companies proposed to use Phase 2 interference model as agreed in SI phase. However, the fixed MCS is used for serving cell in RAN4 test case design principle. If interference has random interference model in time domain, it is impossible to find a suitable SNR operation point (at 70% throughput) for all TTIs, because NAICS receiver is sensitive to the interference profile (e.g. RI, Modulation).
Alternatively, it is more preferred to keep the same interference distribution within each TTI but the interference RI/MCS may still change in frequency domain, to guarantee the similar NAICS receiver performance for all TTIs. For example, as shown in Figure 1, there is 50% RB loaded with MCS = 5 and MCS = 14 interference separately, both in TTI N and N+1. Meanwhile, the MCS distribution on frequency domain is different to verify NAICS UE is able to handle time-frequency variant interference. 
However, it is also recognized the difficulty to agree on one specify interference distribution. So, the purpose of applying time-frequency variant interference model is to verify UE implementation, rather than to prove the NAICS performance gain in real network operation. Therefore, our proposal is
Proposal 1: Re-use the typical fixed interference model as in the core part. Meanwhile, apply the time-frequency variant interference model in some test cases to verify UE implementation, as illustrated in Figure 1.


Figure 1: Interference model
Transmission Format (TM, MCS, RI)
First of all, regarding the serving cell transmission format, UE is expected to enable NAICS receiver when it is in cell edge and suffer strong enough interference level. Therefore, it is recommend to consider TM4/TM9 Rank 1 transmission of serving cell TM as 1st priority since it has been extensively studied, and TM2 can be considered as 2nd priority. Moreover, it is also preferred to prioritize low MCS (e.g. QPSK modulation) case since large performance gap over MMSE-IRC is observed in general.
Secondly, regarding the interference cell transmission format, it has been observed that NAICS receiver is expected to provide most significant gain with low rank and low modulation interference, e.g. Rank 1 with QPSK/16QAM combination interference. With high rank and high modulation interference, e.g. Rank 2 with 16QAM/64QAM, NAICS receiver may suffer certain performance loss without very specific optimization (depending on UE implementation). Therefore, 
· For the test purpose of verifying performance gain, TM4/TM9 Rank 1 with QPSK/16QAM combination interference is preferred.
· For the test purpose of ensuring no performance loss, TM4/TM9 Rank 2 with 16QAM/64QAM interference can be used.
Finally, on the combination of serving cell and interference cell, it is recommend to prioritize the same CRS/DMRS mode case for serving cell and interference cell since it has been extensively studied. Meanwhile, some additional test cases can be further studied as 2nd priority, e.g. TM2+TM2.
· For TM2+TM2 case, the actual layer number in total is 4, which exceeds the NAICS UE baseline processing capability. Thus, the baseline UE behavior need to be discussed and specified in RAN4 before going to the performance evaluation phase.
Furthermore, it has been agreed that Rel-12 NAICS UE doesn't support PDSCH-IC for TM10 interference. However, TM10 can still be configured in the TM subset. Thus, RAN4 needs further discussion on the baseline UE behavior in case of TM10 is configured in the TM subset.
Based on the consideration above, our proposal is 
Proposal 2: Prioritize the configuration as below in Table 1 for performance evaluation and alignment of NAICS performance gain.
Table 1: Prioritization of NAICS performance gain verification
	
	Serving cell
	Interference cell
	CRS Configuration

	1st priority
	TM4, RI=1, MCS=5
	TM4, RI=1, MCS=5
	Colliding CRS with 2 CRS port

	
	TM9, RI=1, MCS=5
	TM9, RI=1, MCS=5
	Non-Colliding CRS with 2 or 4 CRS port

	2nd priority
	TM2, MCS=5
	TM4, RI=1, MCS=5
	Colliding CRS with 2 CRS port

	FFS
	TM2, MCS=5
	TM2, MCS=5
	Colliding CRS with 2 CRS port


Proposal 3: RAN4 needs further discussion on the baseline UE behavior for the following cases:
· 	Both serving cell and interference is TM2 transmission 
· When TM10 is configured in the TM subset.

Higher-layer signalling parameters
As the outcome of core part discussion, RAN1/4 has also agreed to provide some additional signaling to assist UE blind detection, including TM subset, PA subset and blind detection granularity, as listed below.
· TM: configurable subset is {TM1, TM2, TM3, TM4, TM6, TM8, TM9, TM10}
· PA: configurable subset is maximum 3 value out of {-6, -4.77, -3, -1.77, 0, 1, 2, 3}dB
· Blind detection granularity: configurable value is one out of {1, 2, 3, 4} PRB pairs
First of all, regarding the TM subset configuration, it is necessary to verify UE's blind detection with the maximum subset covering the all typical network configuration, i.e. {TM2, TM3, TM4, TM6, TM9}. Meanwhile, RAN4 defines the parameters of test cases according to the expected network operation, in order to provide the insight on the actual UE performance and guidance on network planning and deployment to operator. Therefore, a reduced TM subset can be considered in test case design according to the input of operator. 
Secondly, regarding PA subset configuration, it is also preferred to align the test case configuration as typical network configuration as much as possible according to operator input, e.g. {-3dB, 0dB, 3dB} or {-6dB, -3dB, 0dB} for 2 CRS port case.
Finally, regarding the blind detection granularity, as discussed in [1], both 1 PRB-pair granularity and >1 PRB-pair granularity should be covered by test case, in order to verify UE implementation.
Proposal 4: It is suggested to consider the HL signaling as listed below:
· Baseline TM subset configuration is {TM2, TM3, TM4, TM6, TM9}. Further reduced TM subset can be considered e.g. {TM2, TM4} in some test cases according to operator input.
· Baseline TM subset configuration is {-3dB, 0dB, 3dB} or {-6dB, -3dB, 0dB} for 2 CRS port case, according to operator input.
· Both 1 PRB-pair granularity and >1 PRB-pair granularity should be covered by test cases.

Dominant interferer selection
On dominant interference selection, first of all, we would like to recall the agreement that Rel-12 NAICS is limit to handle total layer up to 3 and one PDSCH. So, even UE may experience different strongest interference cells on different PRB-pairs due to e.g. channel fast fading or partial loading scenario as shown in Figure 2, the baseline UE behavior is to select and handle one wideband strongest interference, i.e. one same interference cell over the whole band. In other words, it shouldn't require UE to handle different interference cell on different PRB pairs within one TTI.  
Secondly, regarding on how to perform wideband strongest interference (e.g. CRS RSRP based or PDSCH power based), our understanding is that dominant interferer selection is UE implementation issue. Both CRS RSPR power based and PDSCH power based approached should be allowed by test case design. It is unnecessary to specify and test UE behavior on dominant interferer selection based on RSPR or PDSCH power.
Proposal 5: Rel-12 NAICS baseline receiver is limited to handle one wideband strongest interference on each TTI. It is unnecessary to specify and verify UE behavior on dominant interferer selection in test case design.


Figure 2: Frequency Selective Interference model
CFI configuration
According to the previous RAN4 agreement, there is no specified UE behavior on PDSCH starting OFDM symbol. Both potential UE implementation, i.e. PCFICH detection and the most conservative assumption should be allowed in UE implementation, because neither of them are perfect solution. Therefore, it is unnecessary to specify UE behavior or prioritize any UE implementation on interference CFI handling.
To serve the purpose, CFI = 3 (for 10MHz) is a good test case configuration because both UE implementation will leads to the exactly same performance.
Proposal 6: It is unnecessary to specify UE behavior or prioritize any UE implementation on interference CFI handling (i.e. PCFICH detection or the most conservative assumption way). To serve this purpose, it is suggested to configure CFI = 3 in the test case.

TDD Special Subframe
RAN1 agreed that no special subframe configuration signaling is introduced and UE may assume the same special subframe configuration between the serving and interference cell(s) for which NAICS signaling is provided. With the agreement above, UE may be able to turn on the NAICS receiver on special subframe. However, the performance gain requires the further study. Firstly, since the data RE number is smaller than normal subframe, the performance gain of NAICS receiver will be reduced. Secondly, the reduced data RE number may also impact the blind detection reliability thus further reduce the NAICS performance gain. 
Proposal 7: Performance gain of enabling NAICS receiver on special subframe depends on the exact special subframe configuration and further evaluation is required.

3 Conclusion
In this contribution, we provide our consideration on the test case design of NAICS demodulation test.
Proposal 1: Re-use the typical fixed interference model as in the core part. Meanwhile, apply the time-frequency variant interference model in some test cases to verify UE implementation, as illustrated in Figure 1.
Proposal 2: Prioritize the configuration as below in Table 1 for performance evaluation and alignment of NAICS performance gain.
Table 1: Prioritization of NAICS performance gain verification
	
	Serving cell
	Interference cell
	CRS Configuration

	1st priority
	TM4, RI=1, MCS=5
	TM4, RI=1, MCS=5
	Colliding CRS with 2 CRS port

	
	TM9, RI=1, MCS=5
	TM9, RI=1, MCS=5
	Non-Colliding CRS with 2 or 4 CRS port

	2nd priority
	TM2, MCS=5
	TM4, RI=1, MCS=5
	Colliding CRS with 2 CRS port

	FFS
	TM4, RI=1, MCS=5
	TM9, RI=1, MCS=5
	Colliding CRS with 2 CRS port


Proposal 3: RAN4 needs further discussion on the baseline UE behavior for the following cases:
· 	Both serving cell and interference is TM2 transmission 
· When TM10 is configured in the TM subset.
Proposal 4: It is suggested to consider the HL signaling as listed below:
· Baseline TM subset configuration is {TM2, TM3, TM4, TM6, TM9}. Further reduced TM subset can be considered e.g. {TM2, TM4} in some test cases according to operator input.
· Baseline TM subset configuration is {-3dB, 0dB, 3dB} or {-6dB, -3dB, 0dB} for 2 CRS port case, according to operator input.
· Both 1 PRB-pair granularity and >1 PRB-pair granularity should be covered by test cases.
Proposal 5: Rel-12 NAICS baseline receiver is limited to handle one wideband strongest interference on each TTI. It is unnecessary to specify and verify UE behavior on dominant interferer selection in test case design.
Proposal 6: It is unnecessary to specify UE behavior or prioritize any UE implementation on interference CFI handling (i.e. PCFICH detection or the most conservative assumption way). To serve this purpose, it is suggested to configure CFI = 3 in the test case.
Proposal 7: Performance gain of enabling NAICS receiver on special subframe depends on the exact special subframe configuration and further evaluation is required.

4 Reference
[1] R4-147014, "Test purpose and test scope of NAICS demodulation test", Samsung, Nov 2014
[2] 
4/5
image2.emf
Power = 

-90dBm

Power = 

-90dBm

Power = 

-90dBm

Unoccupied

Unoccupied

Unoccupied

Power = 

-100dBm

Power = 

-100dBm

Power = 

-100dBm

Power = 

-100dBm

Power = 

-100dBm

Power = 

-100dBm

Freq

Time

Interferer 1

Interferer 2

Strongest Interference Per Blind 

Detection Granularity

Power = 

-90dBm

Power = 

-90dBm

Power = 

-90dBm

Power = 

-75dBm

Power = 

-75dBm

Power = 

-75dBm

Power = 

-80dBm

Power = 

-80dBm

Power = 

-80dBm

Power = 

-80dBm

Power = 

-80dBm

Power = 

-80dBm

Interferer 1

Interferer 2

TTI: n TTI: n+k


oleObject2.bin
�

Power = 
-90dBm


Power = 
-90dBm�

Power = 
-90dBm�

Unoccupied


Unoccupied�

Unoccupied�

Power = 
-100dBm�

Power = 
-100dBm�

Power = 
-100dBm�

Power = 
-100dBm�

Power = 
-100dBm�

Power = 
-100dBm�

Freq


Time


Interferer 1


Interferer 2


Strongest Interference Per Blind Detection Granularity


Power = 
-90dBm


Power = 
-90dBm�

Power = 
-90dBm�

Power = 
-75dBm


Power = 
-75dBm�

Power = 
-75dBm�

Power = 
-80dBm�

Power = 
-80dBm�

Power = 
-80dBm�

Power = 
-80dBm�

Power = 
-80dBm�

Power = 
-80dBm�

Interferer 1


Interferer 2


TTI: n


TTI: n+k



image1.emf
RI =  1

MCS = 5

RI =  1

MCS = 14

RI =  1

MCS = 5

RI =  1

MCS = 14

RI =  1

MCS = 5

RI =  1

MCS = 14

RI =  1

MCS = 14

RI =  1

MCS = 5

RI =  1

MCS = 14

RI =  1

MCS = 5

RI =  1

MCS = 14

RI =  1

MCS = 5

Freq

Time

TTI = N TTI = N+1


oleObject1.bin
�

RI =  1
MCS = 5


RI =  1
MCS = 14�

RI =  1
MCS = 5�

RI =  1
MCS = 14�

RI =  1
MCS = 5�

RI =  1
MCS = 14�

RI =  1
MCS = 14�

RI =  1
MCS = 5�

RI =  1
MCS = 14�

RI =  1
MCS = 5�

RI =  1
MCS = 14�

RI =  1
MCS = 5�

Freq


Time


TTI = N


TTI = N+1



