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1
Introduction

The remaining RAN4 open issue on NAICS SI is to conclude on the receiver performance and complexity, with and without network assistance as mandated during RAN#62 [1]. In this contribution we consider aspects related to the parameters characterizing the interferers’ transmission and the impact on the UE operation and complexity. Few questions are important to find an answer and are addressed in this contribution:
1. To what extent and for which parameters blind detection is possible?

2. What is the complexity of the blind detection for each parameter?

3. To what extent one can reduce the UE complexity if signalling/coordination is applied, despite the reliability of blind detection?
2
Interference parameters categorization
During previous discussions regarding the NAICS receiver assumptions, the interference characteristics have been summarized in [4], while views on the impact on NAICS receiver have been captured in [5]. The following interference parameters have been captured by RAN4 discussions [4] as well as companies’ prioritization with respect to the need of further study for blind estimation.
Table 1: Interference parameterization and prioritization according to companies’ views.
	
	Detailed parameter
	Fx
	Tx 
	Prioritization according to the majority of companies
	

	System
	System bandwidth
	6PRBs Wideband
	Semistatically configured
	2
	Common to all receiver types and needed for ELMMSE-IRC except CFI

	
	Cell ID
	Wideband
	Semistatically configured
	2
	

	
	Virtual cell ID
	PRB
	Subframe
	0
	

	
	CRS AP
	6PRBs Wideband
	Semistatically configured
	2
	

	
	MBSFN configuration
	Wideband
	Semistatically configured
	1
	

	Spatial characterization of interference - Resource allocation
	CFI
	Wideband
	Subframe
	4
	

	
	PDSCH allocation
	PRB
	Subframe
	4
	

	
	PDSCH bandwidth for DM-RS
	 
	subframe
	4
	

	
	TM
	PRB
	subframe
	8
	

	
	DMRS APs
	PRB
	Subframe
	6
	

	
	nSCID
	PRB
	Subframe
	6
	

	
	PMI
	subband PRB
	subframe
	8
	

	
	RI
	PRB
	Subframe
	8
	

	Link adaptation
	Data to RS EPRE, PA
	Wideband PRB
	subframe
	6
	

	
	Data to RS EPRE, PB
	Wideband
	Semistatically configured
	3
	

	
	Modulation Order
	PRB  
	Subframe
	8
	SLIC only

	
	CSI-RS presence and pattern
	Wideband
	Semistatically configured
	0
	CWIC only

	
	MCS
	PRB
	Subframe
	0
	

	
	RNTI
	Wideband PRB
	Subframe
	0
	


The interference parameterization can be grouped in several main categories: 
· system oriented parameters characterizing the network topology which include system bandwidth, cell ID, CRS AP, MBSFN configuration, 

· spatial characterization of interference – resource allocation oriented parameters defining also the spatial structure of the interference such as transmission scheme (including rank), CFI, and resource allocation type, and by parameters fine tuning the PDSCH transmission, 
· link adaptation oriented parameters, such as modulation order, MCS, EPRE. 
It is also important to remind one of the observations of the previous meetings that from a NAICS UE perspective the nature of these interference parameters is dynamic, even if some of the parameters are semi-statically signaled to the target UEs.
 From above categorization the following observations can be drawn.
Observations:

· System oriented parameters (cell ID, virtual cell ID, CRS AP, MBSFN config.) are mostly suited for signaling, while leveraging to some extent the existing RRC signaling as well. This seems to be the view also of the majority of companies [4].
· Resource allocation oriented parameters are mostly fit for blind detection. Views of companies are split between blind detection and coordination/signaling. Most of the UE complexity relies into these operations, hence it is important to clarify: 1. to what extent blind estimation is reliable, 2. to what extent signaling/coordination is reducing the UE complexity.  
· Some of the link adaptation oriented parameters, like MCS, are mostly used by CWIC receiver and cannot be the purpose of reliable blind estimation, hence they need to be signaled, this being the view from majority of companies. 
· Modulation order, needed by SLIC receiver is a candidate for blind detection, this being the view of majority of companies. On the other hand, PA seems to be a candidate for signaling.

2.1 Blind detection complexity and complexity reduction
Necessary operations to perform identification of spatial characteristics of the interference would comprise of the following complexity [5]

 REF _Ref375572695 \r \h 
[7]:
Identification of spatial characteristics complexity = INT_RI*KPDSCH,RE + INT_TM*KPDSCH,RE + INT_PMI*KPDSCH,RE + INT-PDSCH*N_INT*KW,RE (worst case) + INT_DMRS*(Li,1+Li,2)*KW,RB + INT_nSCID *N_INT*KW,RB
Which can be further split into:

‘Interference existence’ detection complexity = 
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and ‘interference spatial structure’ complexity =
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The number of interferes to be canceled is factorizing the blind detection complexity, hence imposing a limitation would also directly scale into the UE complexity as well. Information regarding the existence of the PDSCH interference can be obtained by verifying the existence of the DMRS ports. In case of DMRS ports absence, the UE would need to further detect the PDSCH existence assuming CRS based transmission. Indicating to the UE some information regarding the spatial schemes utilized by the dominant interferer would reduce the blind detection complexity of this stage. Other complexity reduction mechanism include the utilization by the network of a reduced set of parameterization for the transmission, which would decrease the number of hypothesis at the UE side.
Observations:

· Blind detection complexity reduction can be achieved by:
· Limiting the number of interferes to be canceled.
· Indicating characteristics of the spatial schemes used by the dominant interferer.
· The utilization by the network of reduced set of parameters for the transmission.

3
Sensitivity analysis
Several interference parameters are candidates for blind estimation while on the other hand they are dynamic by nature and hence signalling expensive to the NAICS UE. Traditionally it is of interest to consider the blind estimation of the parameters. From a different perspective, one can look into the performance sensitivity of the advanced receiver with respect to the misdetection of interference parameters which can happen in the UE. Such a misdetection study would not consider a blind estimation algorithm as such but rather quantify the effects, performance wise, of doing wrong such estimation with a specific probability. In the following we are considering such a sensitivity analysis for RI, PMI, PA and modulation. 
3.1 RI and PMI
3.1.1 RI

Problem: There are two possible choices in reality when it comes to rank misdetection: the aggressor rank can be either underestimated or overestimated. In case the rank is underestimated (hence the NAICS UE estimates rank 1 while in reality it is higher than one, the NAICS UE is missing one CW in the IC loop. If the rank is overestimated, then it means the victim has estimated something which is not there, the effect being noise amplification. 

Simulation Setup: One way of looking into this problem is to assume a fixed rank 1 for the desired UE while the interferer is utilizing also rank 1, however with a different probabilities it is assumed by the NAICS UE that rank is 2. In the following we have used TM6 for the transmission of the useful signal while TM4 rank 1 is used for the interfering signal with 1%, 5%, 10% and 15% probabilities of rank 2. 

The link level simulation assumptions for RI misdetection are summarized in Table 2. 
Table 2: link level simulation assumptions for RI misdetection

	Parameter
	Value

	Interference scenario
	2 interfering cells; See R4-136905

5%-25%: INR3 = [13.91 dB, 3.34 dB]

	Transmission mode of useful signal /interfering signal
	TM6 rank 1 / TM4 rank 1, number of PRBs=6

	MCS of useful signal
	MCS#5: QPSK 

MCS#14: QAM16

	Modulation assumption in NAICS UE
	Genie aided

	MCS of interfering signal
	MCS#5: QPSK 

	Receiver structure
	SLIC
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(a)                                                                                        (b)
Figure 1: Rank-1 for both serving and interfering eNB , INR3, 5% and 10% RI error rate; error patterns of PRBs are dependent during TTI (a) Serving cell MCS#5, interfering cells MCS#5 (b) Serving cell MCS#14, interfering cells MCS#5.
Observations (RI misdetection impact)
· Degradation of 1-2 dB is observed with 5% - 15% error rates

· Error rate of 1 % is needed to avoid performance degradation

3.1.2 PMI
Problem: The PMI misdetection issue happens only in CRS based modes as for DMRS modes the UE estimates the effective channel. The PMI misdetection impact depends on the number of transmit antennas as for 2 Tx there are 7 PMI hypothesis while for 4Tx there are 32 PMI hypothesis (for maximum rank 2). The UE might estimate both rank and PMI in the same estimation loop [9]. 

Simulation Setup: as in the case of the RI misdetection, one can consider the interfering PMI as being wrongly estimated with a specific probability. In the following we have used TM6 for the transmission of the useful signal while TM4 rank 1 is used for the interfering signal with 1%, 5%, 10% and 15% probabilities of wrong PMI estimation. 

The link level simulation assumptions for RI misdetection are summarized in Table 3. 

Table 3: link level simulation assumptions for PMI misdetection

	Parameter
	Value

	Interference scenario
	2 interfering cells; See R4-136905

5%-25%:  INR3 = [13.91 dB, 3.34 dB]

	Transmission mode of useful signal /interfering signal
	TM6 rank 1 / TM4 rank 1 ,  number of PRBs=50

	MCS of useful signal
	MCS#5: QPSK 

MCS#14: QAM16

	MCS of interfering signal
	MCS#5: QPSK 

	Receiver structure
	SLIC
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(a)                                                                                        (b)
Figure 2: Rank-1 for both serving and interfering eNB , INR3, 5% and 10% PMI error rate; (a) Serving cell MCS#5, interfering cells MCS#5 (b) Serving cell MCS#14, interfering cells MCS#5.
Observations (PMI misdetection impact)

· 5 % error rate degrades by slightly less than 1 dB, 10 % error rate degrades by slightly less than 2 dB’s

· Error rate near 1 % is required in order to avoid performance degradation in practice

· Due to differences in the bandwidth (number of PRBs) and the error mechanism, the degradations with RI errors are smaller than the degradations with PMI errors.

3.2 Modulation
Problem: Modulation type misdetection impacts on symbol level IC receivers (SLIC). In this section, there is an attempt to identify the performance impact to SLIC when there is an interferer modulation order misdetection.
Simulation Setup: We have considered selected MCS combinations for both victim and interfering UE while the assumption in the SLIC receiver has been always a fixed modulation order of 64-QAM.
The link level simulation assumptions for modulation misdetection are summarized in Table 4.
Table 4: link level simulation assumptions for modulation misdetection

	Parameter
	Value

	Interference scenario
	2 interfering cells; See R4-136905

5%-25%: INR1 = [3.28 dB, 0.74 dB], INR2 = [7.77 dB, 2.29 dB], INR3 = [13.91 dB, 3.34 dB]

	Transmission mode of useful signal /interfering signal
	TM4 rank 1 / TM4 rank 1

	MCS of useful signal
	MCS#5: QPSK 

MCS#14: QAM16

	Modulation assumption in NAICS UE
	Genie aided and fixed modulation (64 QAM)

	MCS of interfering signal
	MCS#5: QPSK 

MCS#14: QAM16

	Receiver structure
	SLIC


The SINR gain of genie aided SLIC and SLIC with fixed 64-QAM modulation assumption, with respect to LMMSE-IRC baseline, at 70% throughput, is depicted in Figure 3 while in Figure 4 - Figure 7 we are presenting detailed throughput results. 
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Figure 3: Modulation sensitivity analysis 5-25% geometries, 50 PRB allocation, CIDs 0,6,1.
Observations (modulation misdetection impact)

· Genie aided SLIC receiver gains increase with the increase of INR. 

· In low and medium INR the fixed modulation assumption perform similar to the genie aided SLIC receiver.
· In high INR conditions (where both genie aided and fixed modulation SLIC exhibit largest gains) the maximum throughput loss from fixed modulation assumption is of 33%, however a minimum of 4dB throughput gain is still observed for the SLIC with fixed interferer modulation assumption.

· This performance degradation could be possibly mitigated by a proper modulation detection algorithm.

· The modulation detection is assumed for two interferers, as a cumulative error in modulation detection can be assumed, these results represent an upper bound in terms of observable loss.

The simulation results with cell IDs 0 for the serving, and 6, 1 for the two interfering cells, and with TM4 Rank-1 serving cell’s and the MCS combinations <NAICS UE, interfering UE> are give in Figure 2 for <MCS#5, MCS#5>, Figure 3 <MCS#5, MCS#25>, Figure 4 <MCS#14, MCS#5>, Figure 5 <MCS#14, MCS#25>.

[image: image8.png]Throughput [Mbps]

TM4 Rank1, 2x2, EPA 5Hz, 50 PRBs, TX EVM 6%, CIDs 0,6,1, ON/ON/ON
45 T T T T T T T

35

25

—— LMMSE-IRC, mcs5/5, P1, INR1
—#— SLIC 2G, mes5/5, P1, INR1
—6— SLIC 2G, fixedimoddet, fimod64QAM, mes5/5, P1, INR1

0 Il L L Il L
16 15 14 13 12 11 10 -9 8 7 -6 5 4 -3 2 4 0 1 2 3
G[dB]



 [image: image9.png]Throughput [Mbps]

TM4 Rank1, 2x2, EPA 5Hz, 50 PRBs, TX EVM 6%, CIDs 0,6,1, ON/ON/ON

45 T

35

25

—*— SLIC 2G, mcs5/5, P1, INR2

——— LMMSE-IRC, mes5/5, P1, INR2

—©6— SLIC 2G, fixedimoddet, fimod64QAM, mcs5/5, P1, INR2| |

0 Il L L Il L
16 <15 -14 <13 -12 -1 -1

09 8 -7 6 -5 -4 3
G[dB]

2 -1 0 1 2 3 4



 [image: image10.png]Throughput [Mbps]

TM4 Rank1, 2x2, EPA 5Hz, 50 PRBs, TX EVM 6%, CIDs 0,6,1, ON/ON/ON
45 T T T T T T T T T T T T T T T T T

—— LMMSE-IRC, mcsS/é, P1,INR3
—*— SLIC 2G, mcs5/5, P1, INR3
0.5 : —&— SLIC 2G, fixedimoddet, fimod64QAM, mes5/5, P1, INR3

0 Il L L Il L
16 15 14 13 12 11 10 -9 8 7 -6 5 4 -3 2 4 0 1 2 3
G[dB]




                              (a)                                                              (b)                                                              (c)

Figure 4. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#5; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 5. TM4 Rank-1, Serving cell MCS#5, interfering cells MCS#25; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 6. TM4 Rank-1, Serving cell MCS#14, interfering cells MCS#5; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
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Figure 7. TM4 Rank-1, Serving cell MCS#14, interfering cells MCS#25; (a) INR1 = [3.28 dB, 0.74 dB], (b) INR2 = [7.77 dB, 2.29 dB], (c) INR3 = [13.91 dB, 3.34 dB].
3.3 PA 
Problem: the parameters PA and PB are used to calculate the ratio of PDSCH EPRE to CRS EPRE. To be more exact, PA defines PDSCH-to-CRS ratio and PB defines an additional PDSCH power offset for OFDM symbols where CRS are present. While the PB is defined by higher layers and consists of four parameters {0,1,2,3}, PA is dynamically signalled to the UE of interest and the value range is of 8 parameters {-6 dB, -4.77 dB, -3 dB, 1.77 dB, 0 dB, 1 dB, 2 dB, 3 dB}. As the PDSCH-to-CRS ratio of the interfering UE is needed by the NAICS UE in the IC process, the range of PA translates into possible hypothesis to be used in a blind detection loop. A wrong assumption in PA level would result in a wrong power level for the PDSCH in all OFDM symbols. In case the power level is underestimated, the effect is similar to performing soft interference cancelation utilizing a lower symbol weight. It is conceptually clear that such a case does not result merely in a reduced gain with respect to IRC operation. In case the power level is overestimated, the effect is the opposite, where the receiver may actually subtract more interference than there originally was. However, even in this case the performance impact is expected to be tolerable, unless the overestimation is very significant.
Simulation Setup: assuming PB=1, two levels of PA are considered to be used by serving eNB and interfering eNBs {-3 dB and 0 dB}, meaning that all eNBs use the same PA and PB combination at the same time. The NAICS UE is assuming the correct combination of PA and PB for the desired layer while the interfering layer is assumed in all cases as <PB=1, PA=0>.
The link level simulation assumptions for RI misdetection are summarized in Table 5. 

Table 5: link level simulation assumptions for Pa misdetection

	Parameter
	Value

	Interference scenario
	2 interfering cells; See R4-136905;  5%-25%: INR3 = [13.91 dB, 3.34 dB]

	Transmission mode of useful signal /interfering signal
	TM4 rank 1 / TM4 rank 1

	MCS of useful signal
	MCS#5: QPSK 

MCS#14: QAM16

MCS#25: QAM64

	PA and PB assumptions
	Desired transmission: <PB=1, PA={ -3, 0}>
Interfering transmission: <PB=1, PA={, -3, 0}>
Estimated at NAICS UE: <PB=1, PA=0>

	ReferenceSignalPower / Total power
	15.22 dBm ( no boosting or de-boosting) / 43 dBm

	MCS of interfering signal
	MCS#5: QPSK 

MCS#14: QAM16

MCS#25: QAM64

	Receiver structure
	SLIC


The SINR gain of genie aided SLIC and SLIC with wrongly assumed PA is shown in Figure 8 while in Figure 9 and Figure 10 we are presenting detailed throughput results. 
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Figure 8: PA sensitivity analysis, 5-25% geometries, 50 PRB allocation, CIDs 0,6,1.
Observations (PA misdetection impact)

· Looking at the performance under QPSK interference, when operating in low SINR and high INR, as is the case in Figure 8 subcase 5/5, the loss from overestimated PA value is apparent. As the symbol estimates are reliable, the overestimated power level results in a performance degradation that is visible in the performance. In case of higher SINR (14/5), the original weights in the soft IC may have been lower, and hence the performance under upscaling the symbols is similar (or even better).

· However, when the interferer is utilizing higher order modulation, the remodulated interferer symbols are not necessarily overestimating the actual symbols so much, as they may fall into lower power constellation points.

· As an overall observation, the SLIC receiver does not appear to be very sensitive to PA value misdetection.
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(a)                                                                             (b)        

Figure 9. TM4 Rank-1, INR3 = [13.91 dB, 3.34 dB] (a) Serving cell MCS#5, interfering cells MCS#5;, (b) Serving cell MCS#5, interfering cells MCS#25;, 
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(a)                                                                             (b)        

Figure 10. TM4 Rank-1, INR3 = [13.91 dB, 3.34 dB] (a) Serving cell MCS#14, interfering cells MCS#5; (b) Serving cell MCS#14, interfering cells MCS#25;
4
Conclusions

In this contribution we have addressed several important issues with respect to the NAICS UE complexity redudction and the sensitivity of interferers’ parameter misdetection.
The following observations and proposals can be summarized:

Observations:
· Blind detection complexity reduction can be achieved by:

· Limiting the number of interferes to be canceled.

· Indicating characteristics of the spatial schemes used by the dominant interferer.

· The utilization by the network of reduced set of parameters for the transmission.

· Error rate near 1 % is required in order to avoid performance degradation in practice for both RI and PMI.
· Due to differences in the bandwidth (number of PRBs) and the error mechanism, the degradations with RI errors are smaller than the degradations with PMI errors.

· SLIC receiver does not appear to be very sensitive to PA value misdetection.
· Modulation misdetection does not have a critical impact on the NAICS UE performance.

Proposals:
· Network assistance based on semi-static and dynamic signalling should be provided for the purpose of:

· Increased NAICS UE reliability.

· Decreased NAICS UE complexity.

· The interference parameters can be conveyed to the NAICS UE as follows

	Detailed parameter
	Fx
	Tx 
	Assumption

	System bandwidth
	6PRBs Wideband
	Semistatically configured
	NN

	Cell ID
	Wideband
	Semistatically configured
	S

	Virtual cell ID
	PRB
	Subframe
	S

	CRS AP
	6PRBs Wideband
	Semistatically configured
	S

	MBSFN configuration
	Wideband
	Semistatically configured
	S

	CFI
	Wideband
	Subframe
	B

	PDSCH allocation
	PRB
	Subframe
	B/S

	PDSCH bandwidth for DM-RS
	 
	subframe
	B

	TM (transmission scheme)
	PRB
	subframe
	B/S

	DMRS APs
	PRB
	Subframe
	B

	nSCID
	PRB
	Subframe
	B

	PMI
	subband PRB
	subframe
	B

	RI
	PRB
	Subframe
	B

	Data to RS EPRE, PA
	Wideband PRB
	subframe
	B/S

	Data to RS EPRE, PB
	Wideband
	Semistatically configured
	S

	Modulation Order
	PRB  
	Subframe
	B








Legend: B= blind, S=signaled
· Network assistance support should be provided only for SLIC receiver.
References

[1] RP-132108, NAICS SR.
[2] R4-133630, Summary of interference modeling email discussion, MediaTek, Inc., RAN4#68, August 2013.

[3] R4-134458, Text Proposal for TR36.863 for NAICS (Section 8), MediaTek, Inc., RAN4#68, August 2013.

[4] R4-137121,
“Summary of parameters for blind detection”, Ericsson.
[5] R4-136979,
“Summary of NAICS complexity analysis”, Ericsson.

[6] R4-136856, “NAICS receiver complexity analysis”, Qualcomm.

[7] R4-135932, “Analysis of complexity”, Ericsson. 
[8] R4-135606, “Email discussion summary on NAICS receiver assumption, complexity, and system modeling”, MediaTek Inc. 
[9] R4-136207, “Discussion on interference parameters signalling and detection for NAICS”, Intel.
Appendix A
Table 1: Simulation assumptions, [2].

	Parameter
	Unit
	Serving
	I1
	I2

	Downlink power allocation
	
[image: image25.wmf]A

r


	dB
	-3
	-3
	-3

	
	
[image: image26.wmf]B

r


	dB
	-3 (Note 1)
	-3
	-3

	
[image: image27.wmf]oc

N

at antenna port
	dBm/15kHz
	[-98]
	N/A
	N/A

	Es/Noc, I1/Noc, I2/Noc
	dB
	See Table 2
	See Table 2
	See Table 2

	BWChannel
	MHz
	10
	10
	10

	Cell Id
	
	0
	6
	1

	Number of control OFDM symbols
	
	2
	2
	2

	PDSCH TM and MCS
	
	Note 2
	Note 2
	Note 2

	Channel model

(for calibration purposes)
	
	EPA5
	EPA5
	EPA5


Table 2: Simulation settings on  SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1, [3].
	5-25% geometries

	SINR_min
	-3.70
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.14
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	3.28
	diff=
	I1/Noc(40%)@50%-tile
	7.77
	diff=
	I1/Noc(40%)@80%-tile
	13.91
	diff=

	Conditioned median I2/Noc
	0.74
	2.54
	Conditioned median I2/Noc
	2.29
	5.47
	Conditioned median I2/Noc
	3.34
	10.56

	I1/Noc(60%) @20%-tile 
	1.94
	diff=
	I1/Noc(60%) @50%-tile
	6.33
	diff=
	I1/Noc(60%)@80%-tile
	12.33
	diff=

	Conditioned median I2/Noc
	-0.56
	2.50
	Conditioned median I2/Noc
	0.76
	5.57
	Conditioned median I2/Noc
	1.67
	10.66


Appendix B
	Notation

	•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

	 

	 

	Variable

	•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) 
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