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1 Introduction

In the last RAN4 meeting in Shanghai, to verify the difference between the required MPR values for intra-band CA for PUSCH/PUCCH multi clustered transmission and the MPR values for SRS simultaneous transmission, simulation results were provided in [1]. From the results, we could see that the required MPR for SRS simultaneous transmission is smaller than those for PUSCH/PUCCH simultaneous transmission. The feature of independent SRS power control and relaxation of required MPR values can allow cell coverage extension and achieving cell maximum throughput. 
This is the revised version of the previous one in [1] and aims to give information for SRS simultaneous transmission for LTE-A CA UE in Rel-10 and also to encourage the RF simulation works for some exception case of multi-cluster transmission such as SRS simultaneous transmission. In this contribution, the preliminary RF simulation results are provided, which are on LTE-A UE Tx RF unwanted emission requirements (ACLR, SEM, SE) for SRS simultaneous transmission for carrier aggregation.
2 RF simulation results of SRS simultaneous transmission

From the working agreement for SRS simultaneous transmission for intra-band CA in RAN1, we can assume the fig 1-(a) is the worst combination for SRS simultaneous transmission in figure 1.
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(a). Worst SRS simultaneous transmission for intra-band CA
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(b). Another SRS simultaneous transmission for intra-band CA
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(c). Another SRS simultaneous transmission for intra-band CA
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(d). Another SRS simultaneous transmission for intra-band CA

Figure 1 Various SRS configuration for 20MHz+20MHz intra-band CA

Therefore we evaluated the required MPR value to meet ACLR, SEM and SE through RF simulation. The basic RF simulation assumptions and parameters are given below; 

· 20+20 MHz CC combination with nominal channel spacing.

· Modulator impairments

· I/Q imbalance
: 25 dBc

· Carrier leakage: 25 dBc

·  Counter IM3 : 60dBc

· PA model :

· Modified Freescale PA model [7] with following operating point in [8] is used. Detailed output characteristics are presented in figure 2. In figure 2, green region indicates transmission bandwidth, red region indicates ACLRUTRA1 region, and yellow region indicates ACLRUTRA2 region

· PA noise floor
: -135 dBm/Hz

· ACLRUTRA1
: 33 dBc with 1 dB MPR for 20 MHz LTE UE
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Figure 2 LTE 20 MHz PSD for full RB allocation w/ QPSK to calibrate PA operating point

For ACLR of LTE-A CA, similar methodology of Rel-8 ACLR requirement is used for simulation. ACLR requirements in the RF simulation are presented in table1.
Table 1:  Used ACLR requirement for RF simulation
	Channel arrangement
	minimum channel spacing
with 1 MHz Guard band

	UTRAACLR1
	33 dB

	Adjacent channel centre1
frequency offset (in MHz)
	+19+BWUTRA/2

/

-19-BWUTRA/2

	UTRAACLR2
	36 dB

	Adjacent channel centre1
frequency offset (in MHz)
	+19+3*BWUTRA/2

/

-19-3*BWUTRA/2

	UTRA 5MHz channel1 Measurement bandwidth
	3.84 MHz

	E-UTRAACLR
	30 dB

	Adjacent channel centre1
frequency offset (in MHz)
	+38

/

-38

	E-UTRA  channel1
Measurement bandwidth
	36 MHz

	1 : To meet multiple of 300 kHz, some small subcarrier is inserted between CCs. Therefore exact value of measurement parameters will be rather different in kHz resolution.


For /SE requirement, we use general SE requirements defined in table 2. 
Table 2:  Used SE requirement for RF simulation
	Frequency Range 
	Maximum Level
	Measurement Bandwidth

	9 kHz ( f < 150 kHz 
	-36 dBm
	1 kHz

	150 kHz ( f < 30 MHz 
	-36 dBm
	10 kHz

	30 MHz ( f < 1000 MHz 
	-36 dBm
	100 kHz

	1 GHz ( f < 12.75 GHz 
	-30 dBm
	1 MHz


And for the SEM for CA, we use E-UTRA CA SEM for Band Class C as below table3.

Table 3: General E-UTRA CA spectrum emission mask for Bandwidth Class C
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9

MHz
	30

MHz
	39.8

MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-24
	30 kHz

	( 1-5
	-10
	-10
	-10
	1 MHz

	( 5-29.9
	-13
	-13
	-13
	1 MHz

	( 29.9-30
	-25
	-13
	-13
	1 MHz

	( 30-34.9
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	-13
	1 MHz

	( 39.8-44.8
	
	
	-25
	1 MHz



Firstly, to verify the required MPR values for PUSCH/PUCCH simultaneous transmission, we provided PUSCH/PUCCH simulation results in the worst case scenario to compare the required MPR to meet the SEM, ACLR, general SE requirements. The worst test scenario for PUSCH/PUCCH multi cluster transmission as below figure 3.
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Figure 3 Worst scenarios for PUSCH/PUCCH simultaneous transmission for 20MHz+20MHz intra-band CA
From the figure 4, we can know that 10.5dB MPR value is need to satisfy these RF requirements when we used reference PA model which provided by Freescale [7] at 2008.
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Figure 4 Simulation results to verify the required MPR values for worst scenarios of PUSCH/PUCCH simultaneous transmission.

When we had discussed with simultaneous PUSCH/PUCCH transmission last year, the required MPR values were provided by many companies. At that time, the required MPR value is about under the 11dB for the worst scenarios case such as in figure3. But updated simulation results were provided in [2][6][9] using real or upgraded PA model. The resultant maximum required MPR was 7.5dB which is 3dB less than our results. This can be explained that different PA model is used in our simulation. 
If the upgraded PA model is used, the similar MPR values for PUSCH/PUCCH simultaneous transmission are expected to be achieved. We therefore support the current the method in [2].
Observation 1: Due to the difference in the ref. PA model, we have different MPR value for the worst PUSCH/PUCCH multi-cluster transmission. 

Observation 2: We support the current MPR for PUSCH/PUCCH multi cluster transmission.
Figure 5 shows simulation results to verify the required MPR value for the various SRS configurations with Freescale’ PA model.
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(a) Worst scenarios for SRS simultaneous transmission in the (4RBs, 4RBs) allocation in edge region

[image: image11.emf]-100 -50 0 50 100

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=21.490(21.880) dBm

UTRA

ACLR1

=45.401/43.275 dB, UTRA

ACLR2

=50.048/47.171 dB

E-UTRA

ACLR

=27.112/24.376 dB

 

 

Rel-8

40

 w/ SRS

SE

General

SEM

40

([image: image12.emf]-100 -50 0 50 100

-60

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=18.080(18.440) dBm

UTRA

ACLR1

=46.716/43.778 dB, UTRA

ACLR2

=50.204/47.295 dB

E-UTRA

ACLR

=36.978/34.889 dB

 

 

Rel-8

40

 w/ SRS

SE

General

SEM

40


 (b) Another scenarios for SRS simultaneous transmission in the (4RBs, 8RBs) allocation in edge region
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(c) Another scenarios for SRS simultaneous transmission in the (4RBs, 16RBs) allocation in edge region
[image: image15.emf]-100 -50 0 50 100

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=22.207(22.323) dBm

UTRA

ACLR1

=31.429/30.816 dB, UTRA

ACLR2

=46.983/44.910 dB

E-UTRA

ACLR

=29.797/24.980 dB

 

 

Rel-8

40

 w/ SRS

SE

General

SEM

40

([image: image16.emf]-100 -50 0 50 100

-50

-40

-30

-20

-10

0

10

20

Frequency (MHz)

PSD (dBm/MHz)

Transmit PSD - P

TX

=20.013(20.110) dBm

UTRA

ACLR1

=36.947/35.975 dB, UTRA

ACLR2

=48.700/45.788 dB

E-UTRA

ACLR

=34.636/30.126 dB

 

 

Rel-8

40

 w/ SRS

SE

General

SEM

40


(d) Another scenarios for SRS simultaneous transmission in the (4RBs, 32RBs) allocation in edge region
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(e) Another scenarios for SRS simultaneous transmission in the (4RBs, 72RBs) allocation in edge region 
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(f) Another scenarios for SRS simultaneous transmission in the (4RBs, 96RBs) allocation in edge region 

Figure 5 The required MPR value for SRS simultaneous transmission in various SRS configuration for LTE-A 20(96 RBs hopping BW)+20(96 RBs hopping BW) MHz
In the figure 5-(a), we can see that MPR of 6.0 dB is required in worst scenarios. Simulation results are summarized in table 4.
Table 4: Worst scenarios of required MPR values 
	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 the results in Table 4, we can easily see that required MPR of worst case SRS simultaneous transmission is quite smaller than that of PUSCH/PUCCH simultaneous transmission. The reason is that configurations of SRS simultaneous transmission is quite restricted compared to PUSCH/PUCCH transmission. 
Observation 3: From the simulation results for various SRS configuration, we can see that the required MPR for SRS simultaneous transmission is quite smaller than that for PUSCH/PUCCH simultaneous transmission.
In the Table 4, the difference between current [2] and proposed MPR is up to 3.0dB. In general, the transmission power reduction of 3.0 dB is so critical in terms of UE coverage or system throughputs in LTE system. And also SRS information is quite effective when used to enable frequency selective scheduling on the uplink by eNB scheduler.

One issue point is the difference of the PA model used in the simulation. When we verify the required MPR values, we used Freescale PA model in 2008. Nevertheless, the required MPR values for SRS simultaneous transmission are smaller than the current MPR values [2].
Observation 4: In the aspect of difference between current MPR [2] and proposed one, if we use a new PA model, the difference would be larger than 3.0 dB

We suggest that interested companies provide required MPR simulation results to verify the required MPR mask for SRS simultaneous transmission. After that, we can discuss whether or not MPR for SRS simultaneous transmission is required. 
3 Conclusions


In this contribution, we provided the simulation results of required MPR for SRS simultaneous transmissions and also provided our observations based on the simulation results. 
To evaluate the MPR mask for SRS simultaneous transmission, we suggest that interested companies provide required MPR simulation results. Our corresponding four observations are summarized as follows:
Observation 1: Due to the difference in the ref. PA model, we have different MPR value for the worst PUSCH/PUCCH multi-cluster transmission. 
Observation 2: We support the current MPR for PUSCH/PUCCH multi cluster transmission.

Observation 3: From the simulation results for various SRS configuration, we can see that the required MPR for SRS simultaneous transmission is quite smaller than that for PUSCH/PUCCH simultaneous transmission.
Observation 4: In the aspect of difference between current MPR [2] and proposed one, if we use a new PA model, the difference would be larger than 3.0 dB
Reference
[1] R4-111809, “Considerations on SRS simultaneous transmission for intra-band CA in Rel-10,” LG Electronics
[2] R4-111501, “TP for TR 36.807 section 6.2.3 MPR for LTE multi cluster transmission,” Nokia
[3] 3GPP TS36.101 v9.7.0
[4] 3GPP TS36.211 va.1.0

[5] 3GPP TS36.213 va.1.0

[6] R4-111788, “MPR for multi-cluster and non-contiguous multi-carrier UL allocation”, Qualcomm Incorporated
[7] R4-082001, “Improved Reference PA Model for UE TX”, Freescale
[8] R4-100428, “UE RF Simulation assumptions”, Nokia
[9] R4-112089, “MPR for non-contiguous transmission”, Ericsson[image: image21.png]



_1363538662.vsd
4RBs


...


CC1:100RB (20MHz)


CC2:100RB (20MHz)


4RBs


26RBs


26RBs


Gap


4RBs


4RBs


26RBs


26RBs


...


SRS hopping BW (48RBs)


SRS hopping BW (48RBs)



_1363567483.vsd
CC1:100RB (20MHz)


CC2:100RB (20MHz)


48RBs


26RBs


26RBs


4RBs


4RBs


4RBs


4RBs


...


4RBs


2RBs


2RBs


Gap


SRS hopping BW (96RBs)


SRS hopping BW (48RBs)



_1365862239.vsd
CC1:100RB (20MHz)


Gap


PUSCH/PUCCH multi cluster transmission


23dBm/1MHz in 
1RB


CC2:100RB (20MHz)


99RBs


23dBm/1MHz
In 1RB


99RBs



_1363538690.vsd
CC1:100RB (20MHz)


CC2:100RB (20MHz)


96RBs


2RBs


2RBs


4RBs


4RBs


4RBs


4RBs


...


4RBs


2RBs


2RBs


Gap


SRS hopping BW (96RBs)


SRS hopping BW (96RBs)



_1363538639.vsd
CC1:100RB (20MHz)


Gap


SRS hopping BW (96RBs)


SRS hopping BW (96RBs)


CC2:100RB (20MHz)


4RBs


4RBs


4RBs


4RBs


4RBs


...


4RBs


4RBs


4RBs


4RBs


...


4RBs


2RBs


2RBs


2RBs


2RBs



