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1 Introduction

In last RAN4 meeting, LS for NAICS parameters[1] was agreed and agreements related to the blind detection of CRS based transmission mode are as follows:
· Parameters that could be jointly and blindly detected by the UE under assumption that remaining semi-static parameters, PA, and TM are known and under scenarios studied in RAN4:

· CRS based TMs (for 2 CRS APs):

· Modulation, PMI, RI, and the presence of interferer. 

· TM5 is not supported by NAICS

· Parameters that RAN4 found benefit in complexity and performance if RAN1 defines the HL signaling with subset restrictions.
· User specific PDSCH-to-CRS EPRE, PA
· RAN4 found that with a subset size of at most 3 (baseline) or 4 values PA can be jointly blindly detected with other dynamic parameters
· Further reduction of the subset size is considered to be beneficial in complexity and performance without restricting network deployment.
· RAN4 also suggest that P_A values should apply to QPSK PDSCH transmissions for both serving cell and interfering cell

· Transmission mode / Transmission scheme
· RAN4 found benefit in complexity and performance if HL subset signaling is provided without any scheduling constraints on the TMs/TSs used in the network. Some companies found that TM/TS could be detected without signaling.
· Interferer parameters granularity used for parameters blind detection
· Interferer parameters are assumed to have granularity of at least 1 PRB pair in time.
· RAN4 found benefit in complexity and performance if a larger interferer parameters granularity in frequency (resource allocation and precoding granularity) can be signaled to UE without any impact on scheduling in the network.
This contribution provides link level performance for joint blind detection of dynamic parameters under colliding CRS environment.
2 Performance of blind detection under TM2
In this section, we provide link level performance under TM2-2-2 case with colliding CRS assumption. Since TM2 is considered as a fallback mode for other TMs, it needs to confirm NAICS performance gain in various test cases. Figure 2‑1 and Figure 2‑2 show throughput performance of SLIC receiver under TM2 with medium and high INR cases, and SNR gains of join blind detection performance are summarized in Table 2‑1. Interference presence, TM, and modulation order are blindly detected under 1 PRB pair granularity. We consider TM blind detection is operated under CRS based transmission modes, and 3 PA values hypothesis is applied. Detailed simulation assumptions are shown in Annex. 
· Observation 1: SLIC receiver with joint blind detection performance under TM2 has 0.1~6.79dB in comparison with the baseline IRC receiver.
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Figure 2‑1. Throughput performance under MCS=[5 5 5]
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Figure 2‑2 Throughput performance under MCS=[5 14 14]
Table 2‑1 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	TM mode
	INR
	Serving MCS
	Interf. MCS
	SNR gain

	TM2
	Medium 
INR
	5
	5
	2.28

	
	
	
	14
	0.79

	
	
	14
	5
	0.1

	
	High 
INR
	5
	5
	6.79

	
	
	
	14
	3.51

	
	
	14
	5
	2.69


3 Performance of blind detection under TM4
In this section, we provide link level performance with joint blind detection under TM4-4-4 case. Interference presence, TM, PA, RI, PMI and modulation order are blindly detected under 1 PRB pair granularity. We consider TM blind detection is operated under CRS based transmission modes, and 3 PA values hypothesis is applied. 
Figure 3‑1 and Figure 3‑2 show throughput performance of SLIC receiver under rank 1 interference condition. Figure 3‑3 and Figure 3‑4 show throughput performance of SLIC receiver under rank 2 interference condition. SNR gains of join blind detection performance are summarized in Table 3‑1. For rank 1 interference condition, SLIC receiver with joint blind detection has reasonable performance gain in most test cases. However, for rank 2 interference case, SLIC receiver with joint blind detection has negligible performance gain except one test case.
· Observation 2: SLIC receiver with joint blind detection under rank 1 interference condition has reasonable performance gain up to 7.8dB in comparison with the baseline IRC receiver for TM4 case.
· Observation 3: SLIC receiver with joint blind detection under rank 2 interference condition has negligible performance gain in comparison with the baseline IRC receiver except one test case for TM4 case.
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Figure 3‑1 Throughput performance under MCS=[5 5 5] and Rank 1 interference
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Figure 3‑2 Throughput performance under MCS=[5 14 14] and Rank 1 interference
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Figure 3‑3 Throughput performance under MCS=[5 5 5] and Rank 2 interference
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Figure 3‑4 Throughput performance under MCS=[5 14 14] and Rank 2 interference
Table 3‑1 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	TM mode
	INR
	Serving Rank
	Interf. Rank
	Serving MCS
	Interf. MCS
	SNR gain

	TM4
	Medium 
INR
	1
	1
	5
	5
	3.65

	
	
	
	
	
	14
	2

	
	
	
	
	14
	5
	2.22

	
	High 
INR
	
	
	5
	5
	7.88

	
	
	
	
	
	14
	5.04

	
	
	
	
	14
	5
	6.69

	
	Medium 
INR
	
	2
	5
	5
	0.39

	
	
	
	
	
	14
	-0.02

	
	
	
	
	14
	5
	-0.7

	
	High 
INR
	
	
	5
	5
	3.65

	
	
	
	
	
	14
	0.16

	
	
	
	
	14
	5
	-0.71


4 Performance of blind detection under mixed TM4 and TM2
In this section, we provide link level performance with joint blind detection under TM4-2-2 case. Interference presence, TM, and modulation order are blindly detected under 1 PRB pair granularity. We consider TM blind detection is operated under CRS based transmission modes, and 3 PA values hypotheses is applied. 
Figure 4‑1 and Figure 4‑2 show throughput performance of SLIC receiver under mixed TM interference condition, and SNR gains of join blind detection performance are summarized in Table 4‑1. SLIC receiver with joint blind detection has reasonable performance gain in most cases. 
· Observation 4: SLIC receiver with joint blind detection performance under mixed TM4 and TM2 has reasonable performance gain up to 7.62dB in comparison with the baseline IRC receiver.
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Figure 4‑1 Throughput performance under MCS=[5 5 5]
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Figure 4‑2 Throughput performance under MCS=[5 14 14]
Table 4‑1 SNR gain (dB) at 70%-tile throughput (vs. MMSE-IRC)
	Serving TM mode
	Interf. TM mode
	INR
	Serving MCS
	Interf. MCS
	SNR gain

	TM4
	TM2
	Medium 
INR
	5
	5
	2.8

	
	
	
	
	14
	1.31

	
	
	
	14
	5
	0

	
	
	High 
INR
	5
	5
	7.62

	
	
	
	
	14
	4.26

	
	
	
	14
	5
	2.71


5 4 CRS AP for CRS-based TMs
If 4 CRS AP for interference cell is considered, UE complexity of blind detection such as PMI detection for TM4 will be increased. And, there exist some difficulties for other TMs interference. For example, in case of 4 ports CRS based TM2, there are new ambiguity with regard to SFBC pair to RE mapping. As we have known, there are two SFBC pairs corresponding to antenna port 0,2 and port 1,3, respectively, and each SFBC pair is mapped to RE alternately. In this case, the point is that there are two possibilities whether RE mapping starts from SFBC pair corresponding to antenna port 0,2 or SFBC pair corresponding to antenna port 1,3. Also, it depends on the total allocated RBs for this TM2 interference and rate matching information. The UE is not able to address this ambiguity if it does not know the total allocated RBs for this TM2 interference. We should consider this new technical issue coming from 4 port CRS based TM2. Also, 4 ports CRS based TM3 has a similar problem with regard to cycling PMI to RE mapping. 
Thus, it seems desirable not to support 4 ports CRS-based TMs for Rel-12 NAICS UEs, considering additional complexity and performance degradation for blind detection of interference. Supporting NAICS for 4 ports CRS based TMs can be addressed in later release if needed.
· Proposal: NAICS supporting TM with 4 CRS APs should be considered in later release.
6 Conclusion 
In this contribution, we provide link level performance with joint blind detection under TM2 and 4 cases, and our observations are as follows:
· Observation 1: SLIC receiver with joint blind detection performance under TM2 has 0.1~6.79dB in comparison with the baseline IRC receiver.
· Observation 2: SLIC receiver with joint blind detection under rank 1 interference condition has reasonable performance gain up to 7.8dB in comparison with the baseline IRC receiver for TM4 case.
· Observation 3: SLIC receiver with joint blind detection under rank 2 interference condition has negligible performance gain in comparison with the baseline IRC receiver except one test case for TM4 case.
· Observation 4: SLIC receiver with joint blind detection performance under mixed TM4 and TM2 has reasonable performance gain up to 7.62dB in comparison with the baseline IRC receiver.
Based on observations, our proposal is 
· Proposal 1: We need to consider only rank 1 interference test case for NAICS receiver and performance requirement phase under CRS based transmission mode to reduce NAICS receiver complexity.
And for 4 ports CRS based TM,
· Proposal 2: NAICS supporting TM with 4 CRS APs should be considered in later release.
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8 Annex
Table 8‑1 Simulation assumption
	Parameter
	Unit
	Serving
	Interference 1
	Interference 2

	Channel model
	
	2X2 EPA5 Low

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6
	1

	
	
	
	Colliding
	Non-Colliding

	Medium INR
	dB
	
	7.77
	2.29

	High INR
	
	
	13.91
	3.34

	MCS
	
	5
	5
	5

	
	
	5
	14
	14

	
	
	14
	5
	5

	RI
	
	1
	1
	1

	
	
	1
	2
	2

	PDSCH allocation
	RB
	6
	6
	6

	Number of control 
OFDM symbols
	
	2
	2
	2

	Interference pattern
	
	
	ON
	ON

	Simulation length
	
	20000 sub-frames


