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1 Introduction

In the last RAN4 meeting in Bucharest and through email discussion after meeting, WF [1] on the multi-clustered simultaneous transmission for CA was agreed. In the agreed WF, RAN4 decided to study the following UE RF scenarios as a part of Rel-11 CA.
· UE RF test scenarios

· Case1 : Single carrier multi cluster study
· PUSCH + PUSCH transmission 
· Test parameter and assumption :

· ACLR/SEM/SE for single CC(20MHz)
· Case2 : Bandwidth Class C for CA
· SRS + SRS transmission (optional)
· Test parameter and assumption :

· ACLR/SEM/SE for 2CC (20MHz+20MHz) with nominal channel spacing.
In this contribution, the preliminary RF simulation results are provided with multi-clustered transmission for single CC and multiple CC in terms of UE Tx RF unwanted emission requirements such as ACLR, SEM and SE.
2 RF simulation results
In this section, the required MPR levels for multi-clustered simultaneous transmission for single CC are simulated. Additionally, the required MPR levels for simultaneous SRS transmission for CA class C are presented. Assumed parameters are listed in [2].
2.1 Simulation results of MPR mask for single CC
Firstly, to verify the required MPR values for the multi-clustered simultaneous PUSCH transmission in single CC, we provided PUSCH/PUSCH simulation results. 
Figure 1 illustrates the simulated scenarios for multi-clustered PUSCH transmission in single CC. Figure 2 is the case for single RB in left-edge of band and multi-RBs in right-edge of the band. RB in left-edge is increased to 2 and 3 RBs in Fig.3 and 4, respectively. In all cases, the worst case is that smallest RBs are allocated in both edge of the band.
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Figure 1 RF simulation methods for PUSCH multi-clustered simultaneous transmission for Single CC
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 (a). RB position in [0,99], Required MPR = 23-17.46 =5.54dB 
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 (b). RB position in [0,98:99], Required MPR = 23-17.79 =5.21dB 
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(c). RB position in [0,97:99], Required MPR = 23-18.31 =4.69dB 
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(d). RB position in [0,96:99], Required MPR = 23-18.58 =4.42dB 
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(e). RB position in [0,95:99], Required MPR = 23-18.87 =4.13dB 
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(f). RB position in [0,93:99], Required MPR = 23-20.10 =2.90dB 
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(g). RB position in [0,90:99], Required MPR = 23-22.03 =0.97dB 
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(h). RB position in [0,85:99], Required MPR = 23-22.74 =0.26dB 
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(i). RB position in [0,80:99], Required MPR = 23-22.75 =0.25dB 
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(j). RB position in [0,70:99], Required MPR = 23-22.79 =0.21dB 
Figure 2 RF simulation results for one RB and several RBs multi-clustered simultaneous transmission for Single CC
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(a). RB position in [0:1,98:99], Required MPR = 23-18.07 =4.93dB 
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(b). RB position in [0:1,96:99], Required MPR = 23-18.59 =4.41dB 
[image: image26.emf]-100 -50 0 50 100

-60

-50

-40

-30

-20

-10

0

10

20

30

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=22.746(22.852) dBm

UTRA

ACLR1

=47.948/45.708 dB, UTRA

ACLR2

=51.280/48.313 dB

E-UTRA

ACLR

=28.952/24.465 dB

 

 

LTE 20 MHz PSD

SE

General

SEM

20

( [image: image27.emf]-100 -50 0 50 100

-60

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=19.189(19.261) dBm

UTRA

ACLR1

=49.937/46.387 dB, UTRA

ACLR2

=56.836/53.506 dB

E-UTRA

ACLR

=40.932/37.766 dB

 

 

LTE 20 MHz PSD

SE

General

SEM

20


(c). RB position in [0:1,94:99], Required MPR = 23-19.19 =3.81dB 
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(d). RB position in [0:1,92:99], Required MPR = 23-19.82 =3.18dB 
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(e). RB position in [0:1,90:99], Required MPR = 23-21.41 =1.59dB 
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(f). RB position in [0:1,85:99], Required MPR = 23-22.03 =0.97dB 
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(g). RB position in [0:1,80:99], Required MPR = 23-22.53 =0.47dB 
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(h). RB position in [0:1,70:99], Required MPR = 23-22.81 =0.19dB 
Figure 3 RF simulation results for two RBs and several RBs multi-clustered simultaneous transmission for Single CC
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 (a). RB position in [0:2,96:99], Required MPR = 23-18.60 =4.40dB 
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 (b). RB position in [0:2,93:99], Required MPR = 23-19.50 =3.50dB 

[image: image42.emf]-100 -50 0 50 100

-60

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=22.770(22.860) dBm

UTRA

ACLR1

=44.803/44.268 dB, UTRA

ACLR2

=51.902/48.981 dB

E-UTRA

ACLR

=29.383/24.615 dB

 

 

LTE 20 MHz PSD

SE

General

SEM

20

([image: image43.emf]-100 -50 0 50 100

-60

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=21.402(21.459) dBm

UTRA

ACLR1

=48.424/46.683 dB, UTRA

ACLR2

=57.383/54.358 dB

E-UTRA

ACLR

=42.298/40.084 dB

 

 

LTE 20 MHz PSD

SE

General

SEM

20


 (c). RB position in [0:2,90:99], Required MPR = 23-21.40 =1.60dB 
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 (d). RB position in [0:2,85:99], Required MPR = 23-22.02 =0.98dB 
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 (e). RB position in [0:2,80:99], Required MPR = 23-22.29 =0.71dB 
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 (f). RB position in [0:2,70:99], Required MPR = 23-22.78 =0.22dB 
Figure 4 RF simulation results for three RBs and several RBs multi-clustered simultaneous transmission for Single CC
From the results in figure 2~4, we can derive the required MPR mask to satisfy the existing unwanted emissions such as ACLR, SEM and SE in Rel-8/9. 
Table 1: Required MPR mask for multi-clustered simultaneous transmissions for single CC
	A = NRB_alloc / NRB_agg
	0
	0.04
	0.1
	0.25
	1

	Mask limit (dB)
	6.0
	6.0
	4.0
	1.3
	1.0


MPR  =  6.0,

0< A ≤0.04

  =  7.33-33.3A,   
0.04< A ≤0.1 





(1)

  =  5.8-18A,

0.1< A ≤0.25








  = 1.4-0.4A,

0.25< A ≤1.0
2.2 Simulation results for simultaneous SRS transmission in CA class C 

To verify the required MPR values for the simultaneous SRS transmission in multiple CCs, we can compare the simulation results with the conventional MPR mask for CA class C in Rel-10 [6].

Figure 5 shows simulation results to verify the required MPR value for the various SRS configurations.
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 (a) Worst scenarios for SRS simultaneous transmission in the (4RBs, 4RBs) allocation in edge region (SRS position {[2:5], [94:97]}, Required MPR = 23-17.07=5.93 dB)
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 (b) SRS simultaneous transmission in the (4RBs, 8RBs) allocation in edge region

(SRS position {[2:5], [90:97]}, Required MPR = 23-18.08=4.92 dB)
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 (c) SRS simultaneous transmission in the (4RBs, 16RBs) allocation in edge region

(SRS position {[2:5], [82:97]}, Required MPR = 23-19.83=3.17 dB)
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 (d) SRS simultaneous transmission in the (4RBs, 32RBs) allocation in edge region

(SRS position {[2:5], [66:97]}, Required MPR = 23-20.01=2.99 dB)
[image: image58.emf]-100 -50 0 50 100

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=21.816(21.857) dBm

UTRA

ACLR1

=33.545/28.226 dB, UTRA

ACLR2

=36.760/33.488 dB

E-UTRA

ACLR

=30.533/24.568 dB

 

 

Rel-8

40

 w/ SRS

SE

General

SEM

40

([image: image59.emf]-100 -50 0 50 100

-50

-40

-30

-20

-10

0

10

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=20.027(20.050) dBm

UTRA

ACLR1

=39.590/34.258 dB, UTRA

ACLR2

=42.360/38.596 dB

E-UTRA

ACLR

=35.911/30.089 dB

 

 

Rel-8

40

 w/ SRS

SE

General

SEM

40


 (e) SRS simultaneous transmission in the (4RBs, 72RBs) allocation in edge region
(SRS position {[2:5], [26:97]}, Required MPR = 23-20.03=2.97 dB)
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 (f) SRS simultaneous transmission in the (4RBs, 96RBs) allocation in edge region

(SRS position {[2:5], [2:97]}, Required MPR = 23-20.03=2.97 dB)

Figure 5 The required MPR value for SRS simultaneous transmission in various SRS configuration for 20(96 RBs hopping BW) MHz+20(96 RBs hopping BW) MHz
We can see that maximum of about 6.0 dB MPR is required in worst case as in Fig. 5-(a). Simulation results are summarized in table 2.
Table 2: Comparison of Required MPR values for SRS simultaneous transmission
	L_CRBCC1 [RBs]
	L_CRBCC2 [RBs]
	MPR in TR36.807 [dB]
	Proposed MPR[dB]

	
	
	
	Hopping BW (96+96)
	Diff.

	4
	4
	7.5
	6.0
	1.5

	4
	8
	7.5
	5.0
	2.5

	4
	16
	6.5
	3.5
	3.0

	4
	32
	5.5
	3.0
	2.5

	4
	48
	4.0
	3.0
	1.0

	4
	64
	4.0
	3.0
	1.0

	4
	76
	3.5
	3.0
	0.5

	4
	84
	3.5
	3.0
	0.5

	4
	96
	3.5
	3.0
	0.5


From Table 2, we can easily see that required MPR of worst case SRS simultaneous transmission which is 6.0 dB is quite smaller than that of PUSCH/PUCCH simultaneous transmission which is 7.5 dB. The reason is that configurations of SRS simultaneous transmission is quite restricted compared to that of PUSCH/PUCCH transmission. From these simulation results, we can derive required MPR mask as in table 3 for SRS simultaneous transmission for CA class C.
Table 3: Required MPR mask for simultaneous SRS transmissions
	A = NRB_alloc / NRB_agg
	0
	0.04
	0.1
	1

	Mask limit (dB)
	6.0
	6.0
	3.2
	3


MPR  =  6.0,

0< A ≤0.04


  =  7.87-46.7A,   
0.04< A ≤0.1 



(2)

  =  3.22-0.2A,

0.1< A ≤1
3 Conclusions


In this contribution, we provided the simulation results of required MPR for multi-clustered simultaneous transmission for single CC and multiple CCs and also proposed MPR masks as summarized in table 1 and 3 based on the simulation results.
To evaluate the MPR mask, we recommend that companies provide the required MPR results for single CC and multi-CCs under the agreed WF [1].
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