3GPP TSG-RAN WG4 Meeting #69                                                                      R4-136351
San Francisco, CA, US, 11 - 15 Nov, 2013
Source:
LG Electronics
Title:
Consideration on network signaling and receiver complexity evaluation for NAICS 
Agenda item:
10.4.4.1
Document for:
Discussion
1 Introduction

In last RAN4 meeting, the WF [1] on NAICS receiver complexity analysis was agreed. Using component based Method 3 is baseline complexity analysis and method 1 or 2 is optionally to evaluation computation complexity.
· According to method 3 complexity analysis is divided in the following blocks [2]
· Channel estimation complexity 

· Front-end core-receiver complexity: Detection / Demodulation 
· Back-end core receiver complexity: Decoding 

· Parameter extraction complexity 
In this contribution, we provide our views on NAICS receiver complexity evaluation based on receiver component and discuss network signaling issue for NAICS.
2 Discussion on network assisted information  
To mitigate interference from neighbor cells with network assisted manner, variety of parameters from interfering cells are required according to receiver types. To obtain required information, three possible assumptions are considered such as network signaling, network coordination, and blind detection. 
In network signaling case, the common understanding is that the implementation complexity of a receiver might be dramatically decreased and reliability of parameters could be guaranteed. However, network signaling overhead is increased, and some required information such as modulation order, PMI, and MCS which are dynamically changed by subframe might be impossible due to network backhaul latency in non-ideal backhaul network. Therefore, semi-static interferer parameters can be signaled by RRC signaling from serving cell, and CRS assisted information for CRS-IC could be reused to obtain information of CRS AP, Cell ID, and MBSFN configuration. Alternatively, dynamically changed parameters might be directly received from interfering cells to NAICS UE by assisted information to decoding NAICS related interferer parameters.
As mentioned above, since network signaling introduces network signaling overhead, it is hard to signal all parameters of interfering cells. On the contrary, fully blind detection of those parameters is impossible since it is too critical point in term of receiver complexity and blind detection can incur receiver performance degradation according to its reliability. Therefore, network coordination should be considered. By using network coordination, there are some restrictions of resource usage at network scheduler, so overall performance improvement might be limited. However, if UE know required parameters through fully or partially network coordination, it leads to reduce network signaling overhead and increase reliability of bind detection. For example, interference TM, number of layers, and modulation order by network coordination can increase system performance. Especially, restriction of high modulation order such as 64QAM from interfering cells by network coordination can help to fairly improve performance. 
- Observation: Full blind detection for NAICS receiver performance could introduce receiver complexity and blind detection reliability.

- Proposal: From receiver complexity and network overhead perspective, an appropriate number of parameters need to be coordinated in network side to limit receiver complexity growth and guarantee interference mitigation performance for both network signaling and blind detection.
3 Complexity analysis

In this section, based on agreement method 3 [1], we provide complexity of each receiver and detection of required parameters from section 3 perspective in Table 1, Table 2, and Table 3.  Notation and variable for complexity evaluation are as follows:

· C_MMSE-IRC_TOT = Total complexity of LMMSE-IRC
· INT_CHE_TOT = interferer channel estimation 

· (R-)ML_DET_TOT = (reduced-)maximum likelihood interference & desired symbol detector 

· INT_DET_TOT = interferer symbol detector 

· INT_DEC_TOT = interferer CW decoding 

· INT_SUB_TOT = interference regeneration and subtraction 

· INT_BD_TOT = interference parameter blind detection for the parameters which are blindly detected by the UE
· CRS_N_PORTS = Number of CRS ports
· N_ITER = number of iterations, if iterative receiver is used 

· LS: Number of Layers for serving cell

· Li,k: Number of layers for interferer ‘k’

· N_INT: Number of interferers explicitly considered/cancelled by NAICS receiver
· Kx= Number of REs over which operation ‘x’ is performed.
· Tx = Periodicity of the operation ‘x’, i.e. how often the operation ‘x’ is performed (time domain).
· Fx= Granularity of the operation ‘x’, i.e. operation done per PRB, subband or wideband (frequency domain)
· N_MO : number of modulation order set
· (R) : restriction by network coordination
· Assumption columm : ‘S’ = Signaled, ‘B’ = fully blindly detected, or ‘C’=coordinated, or ‘NN’= not needed.
Table 1 Complexity based on receiver function
	RECEIVER TYPE
	ELMMSE-IRC
	SLIC
	CWIC
	R-ML

	INT_CHE_TOTAL
	N_INT*INT_CHE

	INT_DET_TOTAL
	
	N_ITER* N_INT *INT_DET
	N_ITER* N_INT *INT_DET
	

	(R-)ML_DET_TOT
	
	
	
	R-ML_DET^(N_INT*Li,k)

	INT_DEC_TOT
	
	
	N_ITER* N_INT *INT_DEC
	

	INT_SUB_TOTAL
	
	N_ITER* N_INT*
INT_SUB
	N_ITER *N_INT*INT_SUB
	


Table 2 Complexity of parameters for blind detection
	INT_BD_TOTAL
	Detailed parameter
	Assumptions
	Fx
	Tx
	full blind detection applied
	partial detection applied / comments

	
	CFI
	B
	WB
	1msec
	N_INT*KCFI
	

	
	MBSFN configuration
	S
	-
	-
	-
	CRS Assist Information

	
	RI
	B and C
	-
	-
	N_INT*KRI* Li,k
	N_ INT*KRI* (R)Li,k

	
	CRS AP
	S
	-
	-
	-
	CRS Assist Information

	
	Cell ID
	S
	-
	-
	-
	CRS Assist Information

	
	Modulation Order
	C and B
	PRB
	1msec
	N_ INT*KMO*N_MO^(Li,k)
	N_ INT*KMO*(R)N_MO^((R)Li,k)

	
	MCS
	S 
	-
	-
	-
	For CW-IC

	
	RNTI
	S 
	-
	-
	-
	For CW-IC

	
	TM
	C  
	-
	-
	-
	Restriction of interferer TM

	
	PMI
	B and C
	PRB
	1msec
	N_INT*KPMI
	Restriction of codebook subset

	
	Data to RS EPRE, PA
	C
	-
	-
	-
	Restriction of interferer PA

	
	Data to RS EPRE, PB
	S
	-
	-
	-
	

	
	System bandwidth
	B
	6RB
	10msec
	N_INT*KSB
	

	
	PDSCH allocation
	C
	-
	-
	-
	For CWIC

	
	PDSCH bandwidth for DM-RS
	C
	-
	-
	-
	For CWIC

	
	DMRS APs
	S (C)
	-
	-
	-
	C : fixed DMRS port (ex. Port 7)

	
	nSCID
	S 
	-
	-
	-
	

	
	CSI-RS presence and their pattern
	S
	-
	-
	-
	

	
	Virtual cell ID
	S
	-
	-
	-
	


Table 3 Total overall complexity
	TOTAL OVERALL COMPLEXITY
	ELMMSE-IRC
	INT_CHE_TOTAL + N_INT*(KCFI+KRI*Li,k+ KPMI + KSB)

	
	SLIC
	INT_CHE_TOTAL+INT_DET_TOTAL+INT_SUB_TOTAL + N_INT*(KCFI+KRI*Li,k+ KPMI + KSB+ KMO*N_MO^(Li,k))

	
	CWIC
	INT_CHE_TOTAL+INT_DET_TOTAL+INT_DEC_TOT+INT_SUB_TOTAL + N_INT*(KCFI+KRI*Li,k+ KPMI + KSB+ KMO*N_MO^(Li,k))

	
	R-ML
	INT_CHE_TOTAL+(R-)ML_DET_TOT + N_INT*(KCFI+KRI*Li,k+ KPMI + KSB+ KMO*N_MO^(Li,k))


4 Conclusion
In this contribution, we discuss handling of network assisted information from receiver and network perspective, and provide complexity analysis of each NAICS receivers based on agreement method 3.
- Observation: Full blind detection for NAICS receiver performance could introduce receiver complexity and blind detection reliability.

- Proposal: From receiver complexity and network overhead perspective, an appropriate number of parameters need to be coordinated in network side to limit receiver complexity growth and guarantee interference mitigation performance for both network signaling and blind detection.
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