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1 Introduction

In the previous RAN4 meeting, some contributions for LTE-A UE Tx RF requirements for carrier aggregation were presented [1] 

 REF _Ref265057092 \r \h 
[2] 

 REF _Ref265057094 \r \h 
[3] . In this contribution, we also present preliminary study on LTE-A UE Tx RF requirement for carrier aggregation.
For intra-band CA scenarios, proposed deployment scenario[4]  is as follow: 

· Band 1 (60 MHz bandwidth, FDD)

· Band 40 (100 MHz bandwidth, TDD)

In inter-band CA case, most Rel-8 unwanted emission requirements can be re-used assuming separate PA in each CC. Therefore, we focused on the intra-band CA case only in terms of SEM, ACLR and SE(Spurious Emission).
2 Discussion

We use following simulation assumptions to simulate RF requirements for intra-band CA scenarios.

· 20+20 MHz CC combination.
· Modulator impairments

· I/Q imbalance
: 25 dBc

· Carrier leakage: 25 dBc

· No counter IM3

· PA model :

· Modified freescale PA model[5] with following operating point in [6] is used. Detailed output characteristics are presented in Figure 1. In Figure 1, 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 1. LTE 20 MHz PSD  for QPSK modulated full RB allocation case to calibrate PA operating point.

2.1 SEM
In Rel-8/9 spec, there exists separate SEM for each LTE bandwidth i.e. 1.4/3/5/10/15/20 MHz. For SEM of CA, we need to define new SEM requirement for 40 MHz CA BW. In previous contribution [1] , there exist some proposals for LTE-A CA SEM. We attached summarized SEM below for convenience.
Table 1.  Proposed SEM for intra-band CA 40 MHz SEM
	∆fOOB [MHz]
	3GPP 20MHz
	NTT
DoCoMo
	Qualcomm
	Nokia
	Measurement Bandwidth

	± 0-1
	-21
	-24
	-24
	-24
	30 kHz

	± 1-2.5
	-10
	-10
	-10
	-10
	1 MHz

	± 2.5-5
	-10
	-10
	-10
	-10
	1 MHz

	± 5-20
	-13
	-13
	-13
	-13
	1 MHz

	± 20-25
	-25
	-25
	-13
	-13
	1 MHz

	± 25-40
	
	
	-13
	-13
	1 MHz

	± 40-45
	
	
	-25
	-25
	1 MHz

	± 45-50
	
	
	
	-25
	1 MHz


Among all proposed SEM, SEM proposed by NTT DoCoMo is similar to 20 MHz SEM in 3GPP, therefore it is most tight requirement than other proposals. SEM proposed by Qualcomm is extrapolated one from 20 MHz SEM in current Rel-8/9 by “stretching” the transition boundaries according to the extended BW. SEM proposed by Nokia is almost similar to Qualcomm, but ∆fOOB region is slightly wider than Qualcomm’s proposal.
We used SEM proposed by Qualcomm as SEM requirements temporarily in this contribution.

2.2 ACLR

ACLR requirement is based on co-existence studies for LTE-A to prevent degradation of the existing system performance. From the coexistence study, ACLR requirements for 40 MHz intra-band contiguous CA can be maintained with same level in Rel-8/9 ACLR requirement.
Table 2. Requirements for UTRAACLR1/2
	
	Channel bandwidth  / UTRAACLR1/2   / measurement bandwidth

	
	(REF) 20 MHz
	40 MHz

	UTRAACLR1
	33 dB
	33 dB

	Adjacent channel centre frequency offset (in MHz)
	+10+BWUTRA/2
/

-10-BWUTRA/2
	+20+BWUTRA/2
/

-20-BWUTRA/2

	UTRAACLR2
	36 dB
	36 dB

	Adjacent channel centre frequency offset (in MHz)
	+10+3*BWUTRA/2
/

-10-3*BWUTRA/2
	+20+3*BWUTRA/2
/

-20-3*BWUTRA/2

	E-UTRA  channel Measurement bandwidth
	18 MHz
	TBD

	UTRA 5MHz channel Measurement bandwidth*
	3.84 MHz
	3.84 MHz


2.3 SE

The general spurious emission requirements defined in table 6.6.3.1-2 of TS36.101 is presented below for convenience.
Table 3.  Spurious emissions limits
	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


Since general spurious emission requirement is regulatory requirements from ITU-R SM.329, general spurious emission requirement is still used for LTE-A intra-band CA.
2.4 Simulation Results

In this section we present simulation results addressing the MPR required to meet the proposed 40 MHz LTE-A SEM, ACLR, general SE requirements.
2.4.1 Full RB allocation cases

From Figure 2 to Figure 5, we presented simulation results for full RB allocation cases in LTE-A 40 MHz intra-band CA.
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Figure 2.  LTE-A 40 MHz PSD for QPSK modulated full RB al location case
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Figure 3.  LTE-A 40 MHz PSD for QPSK modulated
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Figure 4.  LTE-A 40 MHz PSD for 16-QAM modulated
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Figure 5.  LTE-A 40 MHz PSD for 64-QAM modulated
For 1 dB MPR value as shown in Figure 2, we can find that there exists some slight violation in ULTAACLR1/2. Also, we would like to note that there is already no margin in PA model as shown in Figure 1.

From Figure 3 to Figure 5, required MPR values are noticed to meet ACLR requirements. Also, it can be seen that margin of UTRAACLR2 is smaller than that of UTRAACLR1 due to increased transmission bandwidth. Summarized MPR values are shown in Table 4.

Table 4.  Required MPR value to meet ACLR requirements for full RB allocation cases
	
	20 MHz LTE
	40 MHz LTE-A

	
	QPSK
	QPSK
	16-QAM
	64-QAM

	MPRrequired [dB]
	1
	1.8
	2.3
	2.3


From there simulation results, following conclusions can be derived for full RB allocation cases:

· There exists some margin in proposed SEM and SE when 1 dB MPR value was used.

· For full RB allocation case, ACLR requirement is more tight than SEM or SE.

· For ACLR requirements, 1.8 dB MPR for QPSK and 2.3 dB MPR for any other higher order modulation are required.

· Since UTRAACLR2 requirements tend to be more difficult to meet than UTRAACLR1 requirements, we also need to consider UTRAACLR2 in actual requirement work.
2.4.2 Partial RB allocation cases

To simulate partial RB allocation cases, we have chosen some allocation pattern for equal power case as follows:

· Type 1: 1 RB is located for left side band edge of CC1, the other RBs on right side band edge of CC2 to get maximum separation
· Type 2: The half of total allocated RBs are located left side band edge of CC1, the other RBs are located right side of CC2
· Type 3: Symmetric between CCs (same number and position within each CCs)
From Figure 6 to Figure 10, we presented typical part of simulation results for each allocation types. We only simulate QPSK modulated cases because we expect that additional MPR by higher order modulation can be derived from Table 4. Also, In Figure 11, we presented required MPR values to meet proposed SEM for each allocation types. For all cases, there still exist some margin in UTRAACLR1/2
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Figure 6. Type 1&2 cases LTE-A 40 MHz PSD (1 RB for each CCs)
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Figure 7.  Type 1 case LTE-A 40 MHz PSD (1 RB for CC1, 10 RB CC2)
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Figure 8.  Type 2 case LTE-A 40 MHz PSD (10 RB for each CC)
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Figure 9.  Type 3 case LTE-A 40 MHz PSD (1 RB for CC1, 1 RB for CC2)
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Figure 10.  Type 3 case LTE-A 40 MHz PSD (10 RB for CC1, 10 RB for CC2)
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Figure 11.  Total allocated RBs vs. Required MPR to meet the proposed SEM for each allocation types
From above simulation results, there exist some general SE requirement violations. From Figure 12 to Figure 14, we presented simulation results to meet general SE requirements for some exceptional case in previous simulations. Also, In Figure 15, we presented required MPR values to meet both general SE and proposed SEM for each allocation types. For all cases, there still exist some margin in UTRAACLR1/2
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Figure 12. LTE-A 40 MHz PSD to meet SE (same allocation pattern with Figure 6)
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Figure 13. LTE-A 40 MHz PSD to meet SE (same allocation pattern with Figure 8)
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Figure 14. LTE-A 40 MHz PSD to meet SE (same allocation pattern with Figure 9)
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Figure 15.  Total allocated RBs vs. Required MPR to meet both
general SE and proposed SEM for each allocation types
From there simulation results, following conclusions can be derived for partial RB allocation cases:

· Required MPR is varied pattern by pattern in RB allocation. 
· Worst case RB allocation pattern is 2 RB allocation at opposite side of transmission bandwidth. For this allocation pattern, required MPR is as follows

· Required MPR value to meet SEM requirement is about 3.7 dB

· Required MPR value to meet general SE requirement is 11.7 dB

· For partial RB allocation, SE and SEM requirement are more stringent requirement than ACLR.
3 Conclusions

In this contribution, we presented initial simulation results for LTE-A 40 MHz carrier aggregation to make progress the discussion on the actual UE CA RF requirement works.
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