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1 Introduction

In the previous RAN4 meeting in Taipei, the required MPR values for intra-band CA are agreed and SRS simultaneous transmission are also agreed to be included in Rel-10 time frame. But the proposed MPR mask[1] is only studied for the case of PUSCH/PUCCH simultaneous transmission for LTE multi cluster transmission not considering the simultaneous SRS transmission since simultaneous SRS transmission has not been agreed to be included in Rel-10 until last RAN4 meeting. And also SRS sequence generation principle and mapping to physical resource method are quite different from PUSCH/PUCCH transmission in TS36.211 [3]. The purpose of this contribution is to verify that whether the proposed MPR mask [1] is applicable to all UE uplink transmission signal including simultaneous SRS transmission.
In this contribution we provide the preliminary RF simulation results on LTE-A UE Tx RF requirement (ACLR, SEM, SE) for SRS simultaneous transmission for carrier aggregation.
2 SRS generation principle and mapping to physical resource

SRS can be used for power control, timing advance, and frequency semi-selective scheduling in the frequency resource at eNB. SRS generation principle and mapping method to physical resource are defined and explained in [3]. The SRS sequence is generated by Zadoff-Chu sequence 
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 as defined by Section 5.5.1 in [3] and also, SRS for each UE with different cyclic time shifts can be overlapped in frequency domain to support frequency selective scheduling. 


General characteristics of SRS for single carrier transmission are as below
· SRS transmission bandwidth does not include the PUCCH region

· The SRS transmissions are always in the last SC-FDMA symbol in the configured sub-frames, as figure 1
· Minimum SRS BW is composed of 4RBs, and  all the other SRS BW is multiple of 4RBs
· 3-bits in PDCCH SIB indicates one of SRS bandwidth configurations

· 2-bits indicates one of four SRS BW layers
· UE specific SRS parameters configured by higher layers

· Starting physical resource block assignment 
· Duration of SRS transmission; single or periodic transmission (until disabled)

· SRS configuration index I_srs for SRS periodicity and SRS subframe offset

· SRS channel bandwidth, Frequency hopping bandwidth, Cyclic shift value

[image: image2.emf]DM_

RS

SRS

1 subframe (1ms) 

Slot

DM_

RS


Figure 1 Uplink subframe configuration with SRS symbol

In the frequency domain, SRS channel bandwidth configuration for 20MHz system bandwidth are defined as table1 and SRS starting position 
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 is defined in [1] by
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is the length of the SRS sequence and 
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 values is frequency position index.
Therefore, defined SRS transmission BW is allocated as below figure 2.
Table 1: 
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(a). Minimum SRS BW for 20MHz system BW
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(b). Maximum SRS BW for 20MHz system BW
Figure 2 Example of SRS transmission BW and frequency hopping BW for 20MHz

The frequency hopping of the SRS is also configured by the parameter
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, provided by higher-layer parameter srs-HoppingBandwidth as upper figure2.
In the time domain, SRS transmission is single or periodic by the parameter of SRS_duration. Generally, eNB may request an individual SRS transmission from a UE, if periodic SRS transmission are configured for a UE, UE can be transmit the SRS with SRS periodicity as below table 2.
Table 2: UE Specific SRS Periodicity 
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	SRS Configuration Index ISRS
	SRS Periodicity 
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	0 – 1
	2
	ISRS

	2 – 6
	5
	ISRS – 2

	7 – 16
	10
	ISRS – 7

	17 – 36
	20
	ISRS – 17

	37 – 76
	40
	ISRS – 37

	77 – 156
	80
	ISRS – 77

	157 – 316
	160
	ISRS – 157

	317 – 636
	320
	ISRS – 317

	637 – 1023
	reserved
	reserved


3 SRS simultaneous transmission for intra-band CA


For SRS configuration in intra-band CA, RAN4 studied and agreed that SRS simultaneous transmission for intra-band CA is applicable in the rel-10 time frame [1].
And also, RAN1’s agreements of SRS transmission for intra-band CA are listed as follow 
· SRS simultaneous transmission is applicable for intra-band CA

· SRS + PUSCH/PUCCH simultaneous transmission is not allowed for intra-band CA in Rel-10
· Each configuration parameters such as SRS BW, starting position, cyclic shift for SRS transmission are independent per CC. 
· The SRS transmission bandwidth and frequency RB positions are the same for all antenna ports
· Rel-8 (time/frequency/code) SRS resources are re-used for aperiodic sounding
· Cell-specific SRS configuration parameters are applicable to both periodic and aperiodic sounding
· Aperiodic sounding using Rel-8 SRS resources is transmitted in cell-specific SRS subframes 
· UE-specific SRS configuration parameters such as SRS bandwidth, starting position, transmission comb, and cyclic shift could be different between periodic and aperiodic sounding
· Periodicity
· The set of {2, 5,10}ms  is supported for UE-specific A-SRS periodicity 

· Periodicity of 20 is FFS


From, these agreement for SRS simultaneous transmission for intra-band CA and previous SRS transmission configuration for single carrier, we can assume the worst combination for SRS simultaneous transmission below as figure 3.
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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 3 Various SRS configuration for 20MHz+20MHz intra-band CA
4 RF simulation parameters for SRS simultaneous transmission


A transmit PSD for LTE-A CA depends on the RB allocation pattern. Therefore we performed RF simulation to make progress of LTE-A UE Tx RF emission requirements. We use UE RF simulation assumptions as proposed in [7]. Also we use nominal channel spacing as channel arrangement for 2x20 MHz LTE-A CA in this RF simulation.


The worst case unwanted emission pattern for SRS simultaneous transmission with 4RBs per CC and also, each SRS is apart 2RBs from band edge as figure 3. Therefore we evaluate the required MPR value that is required to meet ACLR, SEM and SE through RF simulation. The basic RF simulation assumptions and parameters are organized as 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 [6]with following operating point in [7] is used. Detailed output characteristics are presented in figure 4. In figure 4, 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 4 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 table3.
Table 3:  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 6.6.3.1-2 of TS36.101 is used for simulation. And for the SEM for CA, we use E-UTRA CA SEM for Band Class C as below table4.

Table 4: 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


5 Simulation Results 

In this section, we present simulation results addressing the MPR required to meet the SEM, ACLR, general SE requirements for SRS simultaneous transmission for intra-band CA.
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Need 5.93dB MPR to meet proposed RF requirements in the (4RBs, 4RBs) allocation in edge region 
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Need 2.972dB MPR to meet proposed RF requirements in the (4RBs, 64RBs) allocation in edge region
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Figure 5 LTE-A 20(96 hopping BW)+20(96 hopping BW) MHz PSD for SRS simultaneous transmission
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Need 5.448dB MPR to meet proposed RF requirements in the (4RBs, 4RBs) allocation in edge region
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Need 2.123dB MPR to meet proposed RF requirements in the (4RBs, 48RBs) allocation in edge region
Figure 6 LTE-A 20(48 hopping BW)+20(48 hopping BW) MHz PSD for SRS simultaneous transmission

Table 5: Worst scenarios of required MPR values 
	L_CRBCC1 [RBs]
	L_CRBCC2 [RBs]
	MPR in TR36.807 [dB]
	Proposed MPR[dB]

	
	
	
	Hopping BW (96+96)
	Hopping BW (48+48)

	4
	4
	7.2
	5.93
	5.448

	4
	8
	7.04
	4.92
	

	4
	16
	6.4
	3.168
	

	4
	32
	8-16A
	2.987
	

	4
	48
	3.9642
	2.953
	2.123

	4
	64
	4.83-3.33A
	2.972
	

	4
	76
	3.498
	2.973
	

	4
	84
	3.4814
	2.972
	

	4
	96
	3.415
	2.967
	


Table 6: Required MPR mask for SRS simultaneous transmissions
	A = NRB_alloc / NRB_agg
	0
	0.06
	0.1
	1

	Mask limit (dB)
	6.0
	5.0
	3.2
	3







MPR  =  6.0,



0< A ≤0.04






  =  7.87-46.7A,   

0.04< A ≤0.1






  =  3.22-0.2A,

0.1< A ≤1

From these simulation results in figure 5, figure 6 and Table5, we can easily see that required MPR of worst case for SRS simultaneous transmission is quite lower than PUSCH/PUCCH simultaneous transmission. The reason is that configurations of SRS simultaneous transmission are so restricted scenarios compare to PUSCH/PUCCH transmission cases. 

In the Table 5, the difference of required value between conventional and proposed MPR is evaluated as about 3.3dB. Generally speaking, the transmission power reduction of 3.3 dB is so critical in terms of UE coverage or system throughputs. Therefore we propose two options to define the MPR mask for SRS simultaneous transmission in intra-band CA.
· Option1) MPR mask for SRS simultaneous transmission is followed as the conventional MPR mask by Nokia[1]
· Option2) MPR mask for SRS simultaneous transmission is followed as new proposed MPR mask in terms of cell coverage and system throughputs


To verify the MPR mask for SRS simultaneous transmission, we suggest that interested companies can provide required MPR simulation results to determine the MPR mask. In proposed two options, we prefer option2 to optimize cell coverage and cell system throughput.
6 Conclusions


In this contribution, we provided the simulation results of required MPR values for SRS simultaneous transmissions. And also we proposed the optimal MPR mask for SRS simultaneous transmission. To verify the MPR mask for SRS simultaneous transmission, we suggest that interested companies provide required MPR simulation results to determine the MPR mask. 


We propose two options to define the MPR mask for SRS simultaneous transmission in intra-band CA.
· Option1) MPR mask for SRS simultaneous transmission is followed as the conventional MPR mask by Nokia[1]
· Option2) MPR mask for SRS simultaneous transmission is followed as new proposed MPR mask in terms of cell coverage and system throughputs

In the above two options, our preference is option2 to optimize cell coverage and cell system throughput.
Reference
[1] R4-111501, “TP for TR 36.807 section 6.2.3 MPR for LTE multi cluster transmission,” Nokia
[2] 3GPP TS36.101 v9.7.0
[3] 3GPP TS36.211 va.1.0
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[5] R4-110704, “A-MPR for non-contiguous uplink allocations,” Qualcomm
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