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1	Introduction
[bookmark: _Hlk104372907]This contribution relates to a work item agreed in RAN#94-e, namely “Further NR coverage enhancements” [1]. We consider power domain enhancements and the following objectives captured in the WID:

· Study and if necessary specify following power domain enhancements
· […]
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

In this paper we discuss next steps for MPR/PAR reduction in Rel-18.
2	Scope of MPR/PAR reduction
Scope of MPR/PAR reduction was discussed in RAN #100 and the Proposal #1 in [2] was endorsed:
· Proposal #1 (Offline consensus)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact



[bookmark: _Hlk134016581]According to endorsed proposal RAN4 will define new optional requirement at least for MPR reduction for a transparent scheme, such as FDSS. Our assumption is that this means at least a set of new MPR requirements, however it could be useful to revise also other related requirements (such as spectrum flatness requirements) to achieve the gains that the feature can offer in real networks. Power boosting has also been discussed in the same context, introducing power boosting may affect the MPR requirements also.


3	Priority scenarios for MPR/PAR reduction
As shown below, there was considerable progress in RAN4 #106 to define priority scenarios for MPR/PAR reduction. Based on that RAN4 seems to have common understanding on the priority scenarios for MPR/PAR reduction.

Agreement: 
· QPSK is the targeted modulation for further coverage enhancements
· At least for simulation study
· RAN4 shall prioritizes DFT-S-OFDM as a solution for coverage enhancements
· FSS on CP-OFDM if companies can show gains
· RAN4 shall evaluate both FR1 and FR2 scenarios.
· RAN4 shall not consider other channels and signals (than PUSCH and the associated DMRS)
· RAN4 shall not consider intra band UL CA scenario in Rel-18 WI




In RAN4 #108 a WF [3] was agreed with following:

Agreement: 
	-	Consider FDSS for the PAR/MPR reduction requirement.

 Since FDSS is agreed to be considered as a scheme for PAR/MPR reduction, we have the following schemes on table:
· Reference case (legacy) without FDSS
· FDSS (transparent scheme)

Observation 1:  According to WID and agreements made until now, there are two transparent MPR/PAR reduction schemes on table: 
· Reference case (legacy DFT-s-OFDM) without FDSS
· FDSS (transparent scheme)
Our assumption is that since FDSS is agreed to be considered as a scheme for PAR/MPR reduction, the new optional MPR requirements can be derived based on the FDSS scheme. Scheme itself does not need to be mandated.

Proposal 1:  Derive new MPR requirements based on FDSS.


Also following was agreed in RAN4 #108 in a WF [3]:

Agreement: 
	-	RAN4 proceed with the current simulation result.
	- 	New simulation results provided during the work phase of the WI not precluded.

What comes to frequency band and power class, considering the timing of the WI, it would be good to concentrate to the ones that have results already available. This is also encouraged by the agreement from RAN4 #108 above. For FR2 transparent schemes, there are RF-results available only from two companies in the results Excel [5]. Also results for transparent schemes are available only for PC3. Hence it is proposed to prioritize FR1 and PC3 in Rel-18 WI.
Proposal 2:  Prioritize FR1 and power class 3 in Rel-18 WI.  
Similar to the previous issue also for pi/2 BPSK there are results available only from two companies in the results Excel [5]. Hence our preference is to prioritize QPSK, as agreed also in RAN4 #106. Also pi/2 BPSK has already existing requirements introduced in earlier releases.
 Proposal 3:  Prioritize QPSK modulation in Rel-18 WI.  
4.	Net gain analysis 
The following agreement was made in RAN4 #106bis-e. 
 
Agreement:  
· Use the following equation as the baseline 
· Net Gain [dB]=(Pout_(Filter i)-Pout_Ref )+(SNR10%_Ref-SNR10%_(Filter i) )
· Where Pout_(Filter i) is the achieved (TX) output power of the filtered  waveform being compared against the reference, Pout_Ref is the output power of the reference, SNR10%_Ref is the required SNR to achieve 10% BLER with the reference, and SNR10%_(Filter i) is the required SNR to achieve 10% BLER using the filtered waveform being compared against the reference. 
· Use the following equation when providing the results for net gain 
· Net Gain [dB]=-DOPR_M0 +(SNR10%_Ref-SNR10%_(Filter i) ) 


In the following we analyse the net gain using the agreed equation(s).

The set of configurations defining MCS/PRB allocations for simulations was made in RAN1 #111 and the configurations are shown in Table 1. These parameters ensure that such MCS/PRB combinations yield the same spectral efficiency, i.e., the results are comparable.
Table 1 Set of configurations for simulations
	 
	No spectrum extension
	With spectrum extension

	TBS value
	Tput estimation for DDDSU @4GHz
	#PRBs
	MCS
	#PRBs before extension
	#PRBs after extension
	MCS
	Spectrum extension factor

	2408
	963.2 kbps
	16
	7
	14
	16
	8
	1/8 

	5376
	~2.15 Mbps
	32
	8
	28
	32
	9
	1/8 

	272
	108.8 kbps
	8
	0
	6
	8
	1
	¼

	1032
	412.8 kbps
	8
	6
	6
	8
	8
	¼

	2152
	~0.9 Mbps
	40
	2
	30
	40
	3
	¼

	4992
	~2.0 Mbps
	40
	6
	30
	40
	8
	¼

	552
	220.8 kbps
	16
	0
	10
	16
	2
	3/8

	1736
	694.6 kbps
	32
	2
	20
	32
	4
	3/8

	432
	172.8 kbps
	8
	2
	6
	8
	3
	¼

	808
	323.2 kbps
	24
	0
	18
	24
	1
	¼




Frequency domain response of different filters used in evaluations are shown in Figure 1. As can be seen the filter with the least aggressive response is the 2-tap filter ([1 0.28]), whereas the most aggressive is the 3-tap [0.335 1 0.335]. Other filters have frequency responses in between the two. 


 [image: ] 
Figure 1. Frequency-domain allocation with different spectrum shaping filters 

OBO gain and net gain for each filter are shown in Table 2 for 700MHz case and Table 3 for 4GHz case of Nokia results provided in the Results Excel [5]. The filter with highest net gains are highlighted in green. The gains are shown w.r.t. legacy scheme (i.e. transmission without FDSS). 

Observation 2: For 700MHz case:
· 2-tap filter (the least aggressive) maximizes the net gain in almost all cases​
· When using filter(s) maximizing the net gain:​
· OBO gain for outer is 0.6 - 0.9 dB​
· OBO gain for inner is typically 0.2-0.3 dB (however net gain is close to zero)


Observation 3: For 4GHz case:
· 2-tap filter (the least aggressive) maximizes the net gain in almost all cases​
· When using filter(s) maximizing the net gain:​
· OBO gain for outer is close to 1dB​
· OBO gain for inner is typically 0.2-0.4 dB (again, net gain is close to zero)​

There is more analysis of Nokia and other companies results in our contribution to the previous meeting [6].

Proposal 4: For FDSS, RAN4 shall focus on MPR reduction for outer allocations.

As can be seen in both carrier frequencies the 2-tap filter provides the best net gain in almost all cases. Also in the cases where 2-tap is not providing the best gains the difference to the best net gain is rather small. Hence 2-tap filter seems to be a good option for optimizing the net gains. It looks in general that less aggressive filter optimizes the net gain in most cases.

Observation 4:  Less aggressive filter optimizes the net gain in most cases.

As noted above some cases, for narrow allocations, see benefit of different filter settings. It can therefore be proposed that RAN4 should consider different RF requirements (i.e. spectrum flatness) for different allocation sizes.

Proposal 5: RAN4 shall consider the allocation sizes when defining RF requirements (i.e. spectrum flatness).


































Table 2 OBO gain and net gain for each filter in FR1 Rural case (700MHz)
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Table 3 OBO gain and net gain for each filter in FR1 Urban case (4GHz) 
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5.	Effects to RAN4 requirements
RAN4 requirements relevant to transparent schemes (FDSS) are Maximum Power Reduction (MPR), the spectrum flatness requirements and ACLR. MPR requirement for power class 3 is shown in the Table 4 below. As can be seen for QPSK the MPR for outer and edge allocations is 1 dB and for inner allocations 0 dB. Since the inner MPR is zero, the reference power of 23 dBm can be reached in inner allocations, hence transmission power cannot be increased without power boosting.

Observation 5: Due to already zero MPR requirement, the transmission power for inner allocations cannot be increased without applying power boosting.

Power boosting has been introduced for pi/2 BPSK already in Rel-15, however additional MPR requirement with low PAPR 2 DMRS was added in Rel-16. Hence there are three different requirements for pi/2 BPSK. With power boosting the reference power is 26 dBm as stated in Note 1. Power boosting is applied only if the corresponding duty cycle requirement is met, and the power boosting has been configured.


[bookmark: _Hlk138760708]Table 4 (38.101 Table 6.2.2-1) Maximum power reduction (MPR) for power class 3

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52
	 02
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	[bookmark: _Hlk525291220]NOTE 1:	Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.
NOTE 2:	Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 with Pi/2 BPSK modulation and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. 



Spectrum flatness requirements are defined in 38.101 to ensure that the base station receiver can operate at adequate performance level due to the FDSS in the transmitter. 

Observation 6:  Spectrum flatness requirements for the UE is needed to ensure base station receiver performance. 

In order to allow FDSS for the pi/2 BPSK, the spectrum flatness requirement has been relaxed. Limits of spectral flatness requirements are illustrated in Figure 2 and actual requirement for pi/2 BPSK shown in Table 5. In Section 4 it was concluded that the filter with the least aggressive frequency response is optimizing the performance when FDSS is applied to QPSK (Observation 4). Hence for FDSS with QPSK the flatness requirement should be stricter than the one defined for pi/2 BPSK. Two examples of such requirement are shown in figure 3, where parameters X1=4dB, X2=8dB and X1=6dB, X2=11dB are used. 

Proposal 6: Introduce new spectral flatness requirement for FDSS with QPSK in Rel-18 together with MPR/PAR reduction. 

Proposal 7: Discuss values for X1 and X2, X1=4dB and X2=8dB can be used as starting point.


[image: ]

Figure 2. (38.101 Figure 6.4.2.4.1-1) The limits for EVM equalizer spectral flatness with the maximum allowed variation.
Table 5 (38.101 Table 6.4.2.4.1-1) Mask for EVM equalizer coefficients for Pi/2 BPSK, normal conditions
[image: ]
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Figure 3. Maximum attenuation masks (X1=4dB, X2=8dB) and (X1=6dB, X2=11dB) with different spectrum shaping filters 




WID [1] and RAN #100 endorsed proposal 1 are both assuming MPR reduction to be introduced in Rel-18 WI, hence there is a need to discuss the exact way how to do it. We have the earlier conclusions:
· Inner Allocations:​
· Net gain is small for inner RB allocation
· No room for MPR reduction without power boost
· Outer Allocations: 
· OBO gain is up-to 1dB (when using filter maximizing the net gain). 
· The previous bullet corresponds to room for MPR reduction without power boost

Based on these two options can be anticipated for MPR reduction:


Option 1:
· No power boost for QPSK FDSS
· Update MPR table (PC3) only for outer RB allocations (DFT-s-OFDM, QPSK)
· MPR lower than currently used 1 dB, for example 0 dB
· Extend flatness requirements defined for pi/2 BPSK FDSS to cover also for QPSK FDSS
· Define requirements in such that only less aggressive filters (such as 2-tap [1 0.28]) can be used

Option 2: 
· Extend power boosting framework defined for pi/2 BPSK FDSS to cover also QPSK FDSS
· Update MPR table (PC3) for both inner and outer RB allocations
· Define new MPR values for QPSK, for both inner and outer allocations
· New MPR values could depend also on the allocation size
· When power boosting is configured, the reference power is 26 dBm
· Extend flatness requirements defined for pi/2 BPSK FDSS to cover also for QPSK FDSS
· Define requirements in such that only less aggressive filters (such as 2-tap [1 0.28]) can be used

The difference between the two options is whether power boosting is assumed to be applied or not. If power boosting is applied the framework used already for pi/2 BPSK could be extended for QPSK. Without power boosting the only option for MPR reduction is for outer allocation since the MPR for inner allocation is zero. With power boosting new MPR values could be applied to both inner and outer allocations. In both cases the spectrum flatness requirement should be introduced to allow FDSS without excessive receiver performance losses, however introduction of relaxed spectral flatness requirement should be connected to corresponding MPR reduction.

In RAN4 #108 following was agreed in a WF [3]:

Way forward:
-	RAN4 shall consider defining Power Boosting for QPSK DFT-s-OFDM within Rel-18 timeframe
		-	Applicable power-class(es) is FFS
		-	RAN4 shall consider requirements for QPSK Power Boosting for:
					-	Spectrum Flatness 
					-	ACLR


The WF is a bit unclear if power boosting is intended to be supported or just considered. Earlier observation 4 and 5 show OBO gains between 0.6-1 dB for outer allocations when filter optimizing net gains is used, hence the possible MPR reduction for outer allocations without considering the effect of power boosting could be in the same range. 
Effect of power boosting to possible MPR should be studied if power boosting is introduced for QPSK. In Figure 4 we have studied OBO with typical PC3 PA and PC3 assumptions in baseline case, i.e. without FDSS. This is the baseline case for OBO and provided here for comparison. In Figure 5 we have similar results for OBO with typical PC3 PA and PC2 assumptions, which is providing results for boosted case. The triangle in the figures show the limits of inner allocation. Based on Figure 5 we can see that OBO is negative for all inner allocations, hence the requirements facilitate boosting in inner allocations. Despite the small differences, the magnitude of OBO also seems to be roughly the same inside the whole inner allocation area with slight variation for small Rb size. This slight variation of OBO has no significant impact compared to the OBO value i.e variation is 0.3 dB versus -2dB OBO. Hence we don’t see a big need for splitting the inner allocations but the legacy way for defining the MPR requirements can be kept. In case there is a need to change the legacy definition a good justification is to be provided.

Observation 7: Based on Figure 5 we can see that OBO is negative and magnitude of OBO is roughly the same inside the whole inner allocation area.

Observation 8: Legacy definition of inner and outer allocations can be used for MPR requirements.

Proposal 8: In case power boosting is introduced, splitting the requirements further from inner and outer allocations in Rel-18 should be carefully studied and should not be specified unless the gain of the splitting is justified.

  [image: ]

Figure 4. Output backoff for PC3
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Figure 5. Output backoff for PC2

The two options presented should be discussed together with MPR values possible to be applied in each case and MPR reduction for Rel-18 should be introduced. 

Proposal 9: Discuss the two options and related MPR values and introduce MPR reduction for Rel-18.

ACLR has been discussed in previous RAN4 meeting with three possible options:
· Option 1: Apply the ACLR of the nominal UE power class. i.e. RAN4 shall make no changes to the applicable ACLR for FDSS with QPSK and power boosting and the current requirement is applicable.
· Option 2: Apply the ACLR of a PC2 UE to a PC3 UE when the output power can be boosted to the same level with a PC2 UE
· Option 3: RAN4 shall define a new ACLR applicable for FDSS with QPSK and power boosting.
According to results in TR 36.886 it looks like 1dB tightening of ACLR is beneficial in case 26dBm transmission power is used. With boosting lower than that it may not be necessary. Whether tightening of ACLR is required hence depends on the amount of boosting applied. Hence, we propose to make the decision for ACLR only when the amount of power boost has been agreed. 

Also duty cycle has been discussed in previous RAN4 meeting. In our view similar approach could be used as has been used for pi/2 BPSK. Actual value of the duty cycle threshold could be discussed in RAN4 when the amount of power boost has been agreed. 

Proposal 10: Put the discussion related to ACLR and duty cycle threshold on hold until the possible support for power boost (and its amount) has been decided.


In RAN4 #108 following was agreed in a WF [3]:

	Way forward:
	-	Companies are encouraged to bring proposals in showing needed changes to the specification for the next meeting.

Two draftCRs have been submitted for this meeting in [7] and [8] which shows what it intended changed depending on the chosen options above.

Capabilities for new MPR/PAR requirements have also been discussed. Depending on the result of the discussion whether to introduce boosting or not, new capability would be needed at least for UEs fulfilling the new optional MPR requirements. Also there is a question whether to introduce a capability for power boosting, in such case it would be beneficial to avoid fragmenting MPR/PAR reduction further with a separate capability. In any case RAN2 should be informed of the need for new capabilities.

[bookmark: OLE_LINK53][bookmark: OLE_LINK54]6.	Conclusion
In this paper we discuss the next steps for MPR/PAR reduction in Rel-18. Based on the discussion we make the following observations and proposals:

Observation 1:  According to WID and agreements made until now, there are two transparent MPR/PAR reduction schemes on table: 
· Reference case (legacy DFT-s-OFDM) without FDSS
· FDSS (transparent scheme)

Observation 2: For 700MHz case:
· 2-tap filter (the least aggressive) maximizes the net gain in almost all cases​
· When using filter(s) maximizing the net gain:​
· OBO gain for outer is 0.6 - 0.9 dB​
· OBO gain for inner is typically 0.2-0.3 dB (however net gain is close to zero)

Observation 3: For 4GHz case:
· 2-tap filter (the least aggressive) maximizes the net gain in almost all cases​
· When using filter(s) maximizing the net gain:​
· OBO gain for outer is close to 1dB​
· OBO gain for inner is typically 0.2-0.4 dB (again, net gain is close to zero)​

Observation 4:  Less aggressive filter optimizes the net gain in most cases.

Observation 5: Due to already zero MPR requirement, the transmission power for inner allocations cannot be increased without applying power boosting.

Observation 6:  Spectrum flatness requirements for the UE is needed to ensure base station receiver performance. 

Observation 7: Based on Figure 5 we can see that OBO is negative and magnitude of OBO is roughly the same inside the whole inner allocation area.

Observation 8: Legacy definition of inner and outer allocations can be used for MPR requirements.


Proposal 1:  Derive new MPR requirements based on FDSS.
Proposal 2:  Prioritize FR1 and power class 3 in Rel-18 WI.
Proposal 3:  Prioritize QPSK modulation in Rel-18 WI.
Proposal 4: For FDSS, RAN4 shall focus on MPR reduction for outer allocations.

Proposal 5: RAN4 shall consider the allocation sizes when defining RF requirements (i.e. spectrum flatness).

Proposal 6: Introduce new spectral flatness requirement for FDSS with QPSK in Rel-18 together with MPR/PAR reduction. 

Proposal 7: Discuss values for X1 and X2, X1=4dB and X2=8dB can be used as starting point.

Proposal 8: In case power boosting is introduced, splitting the requirements further from inner and outer allocations in Rel-18 should be carefully studied and should not be specified unless the gain of the splitting is justified.

Proposal 9: Discuss the two options and related MPR values and introduce MPR reduction for Rel-18.

Proposal 10: Put the discussion related to ACLR and duty cycle threshold on hold until the possible support for power boost (and its amount) has been decided.
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image2.emf
700MHz

Number MCS Filter OBO Gain Net gain

of PRBs outer inner outer inner

2-tap filter [1 0.28] 8 0 1 0.89 0.4 0.74 0.25

8 2 1 0.89 0.4 0.71 0.22

8 6 1 0.89 0.4 0.5 0.01

16 0 1 0.63 0.2 0.43 0

16 7 1 0.63 0.2 0.22 -0.21

24 0 1 0.58 0.2 0.38 0

32 2 1 0.79 0.2 0.57 -0.02

32 8 1 0.79 0.2 0.39 -0.2

40 2 1 0.79 0.3 0.56 0.07

40 6 1 0.79 0.3 0.45 -0.05

TRRC [0.5 0.1667] 8 0 4 1.11 0.3 0.75 -0.06

8 2 4 1.11 0.3 0.7 -0.11

8 6 4 1.11 0.3 0.26 -0.55

16 0 4 0.74 0.3 0.37 -0.07

16 7 4 0.74 0.3 -0.25 -0.69

24 0 4 0.68 0.2 0.27 -0.21

32 2 4 0.86 0.2 0.43 -0.23

32 8 4 0.86 0.2 -0.24 -0.9

40 2 4 0.91 0.3 0.48 -0.14

40 6 4 0.91 0.3 0.07 -0.54

3-tap filter [0.28 1 0.28] 8 0 3 1.5 0.5 0.83 -0.17

8 2 3 1.5 0.5 0.72 -0.28

8 6 3 1.5 0.5 -0.18 -1.18

16 0 3 1.19 0.6 0.42 -0.16

16 7 3 1.19 0.6 -0.7 -1.29

24 0 3 1.05 0.6 0.21 -0.24

32 2 3 1.2 0.6 0.34 -0.26

32 8 3 1.2 0.6 -0.82 -1.42

40 2 3 1.26 0.6 0.4 -0.26

40 6 3 1.26 0.6 -0.4 -1.06

3-tap filter [0.335 1 0.335] 8 0 2 1.4 0 0.43 -0.97

8 2 2 1.4 0 0.27 -1.13

8 6 2 1.4 0 -1.14 -2.54

16 0 2 1.09 0.2 0.01 -0.88

16 7 2 1.09 0.2 -1.73 -2.63

24 0 2 0.96 0.1 -0.21 -1.08

32 2 2 1.13 0.2 -0.08 -1.01

32 8 2 1.13 0.2 -1.94 -2.87

40 2 2 1.13 0.2 -0.08 -1.01

40 6 2 1.13 0.2 -1.38 -2.3


image3.emf
4GHz

Number MCS Filter OBO Gain Net gain

of PRBs outer inner outer inner

2-tap filter [1 0.28] 8 0 1 0.94 0.2 0.77 0.04

8 2 1 0.94 0.2 0.76 0.02

8 6 1 0.94 0.2 0.59 -0.15

16 0 1 0.61 0.3 0.43 0.12

16 7 1 0.61 0.3 0.21 -0.1

24 0 1 0.55 0.3 0.44 0.19

32 2 1 0.76 0.4 0.67 0.31

32 8 1 0.76 0.4 0.21 -0.15

40 2 1 0.82 0.4 0.74 0.32

40 6 1 0.82 0.4 0.4 -0.02

TRRC [0.5 0.1667] 8 0 4 1.15 0.2 0.81 -0.14

8 2 4 1.15 0.2 0.76 -0.19

8 6 4 1.15 0.2 0.3 -0.65

16 0 4 0.78 0.4 0.43 0.05

16 7 4 0.78 0.4 -0.28 -0.65

24 0 4 0.65 0.2 0.43 -0.02

32 2 4 0.83 0.3 0.61 0.07

32 8 4 0.83 0.3 -0.49 -1.02

40 2 4 0.97 0.3 0.75 0.08

40 6 4 0.97 0.3 -0.01 -0.68

3-tap filter [0.28 1 0.28] 8 0 3 1.7 0.5 1.02 -0.18

8 2 3 1.7 0.5 0.95 -0.25

8 6 3 1.7 0.5 0.04 -1.16

16 0 3 1.2 0.7 0.51 0.01

16 7 3 1.2 0.7 -0.79 -1.29

24 0 3 1.03 0.6 0.43 0

32 2 3 1.17 0.7 0.55 0.08

32 8 3 1.17 0.7 -1.26 -1.73

40 2 3 1.35 0.7 0.73 0.08

40 6 3 1.35 0.7 -0.63 -1.28

3-tap filter [0.335 1 0.335] 8 0 2 1.63 0 0.69 -0.94

8 2 2 1.63 0 0.51 -1.12

8 6 2 1.63 0 -0.9 -2.53

16 0 2 1.14 0.2 0.17 -0.77

16 7 2 1.14 0.2 -1.84 -2.78

24 0 2 1 0.2 0.14 -0.66

32 2 2 1.1 0.2 0.17 -0.73

32 8 2 1.1 0.2 -2.47 -3.37

40 2 2 1.22 0.3 0.31 -0.61

40 6 2 1.22 0.3 -1.75 -2.67
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Frequency range  Parameter   Maximum ripple (dB)  

|F UL_Meas   –   F center | ≤ X MHz   (Range 1)  X1  6 (p - p)  

|F UL_Meas   –   F center | > X MHz   (Range 2)  X2  14 (p - p)  

NOTE 1:   F UL_Meas   refers to the sub - carrier frequency for which the equalizer coefficient is evaluated   NOTE 2:   F center   refers to the center frequency of an allocated block of PRBs   NOTE 3:   X, in MHz, is equal to 25% of the bandwidth of   the PRB allocation   NOTE 4:   See Figure 6.4.2.4.1 - 1 for description of X1, X2  
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