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1 Introduction

In the previous RAN4 meeting, some contributions for carrier aggregation UE Tx RF aspects were presented in [1]-[3]. Also during previous RAN4 meeting following way forward for channel arrangement was captured in [4].
Way forward
1. Adopt the 40 MHz SEM agreed in RAN4 #52 for 100+100 RB CA transmission bandwidth configuration  noting that NS_x approach can be used to meet additional regional requirements.
2. SEM requirement is defined per carrier aggregation bandwidth class.
In this contribution, we present some RF simulation results for unwanted emission for 20+20 MHz LTE-A CA by agreed way forward.
2 Discussion

Transmit PSD of 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 were used as proposed in [5]. Also we use minimum channel spacing with 1 MHz guard band as channel arrangement for 2x20 MHz LTE-A CA in this RF simulation since this is the most challenging scenario in the agreed way forward. 

The worst case unwanted emission pattern in the previous study is that 2 RB are assigned at each channel edge with equal power case. Therefore we evaluate the required MPR value that is required to meet ACLR, SEM and SE through RF simulation for 2 clustered RB allocations at each channel edge with variable size.

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 table 1.
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.



In figure 2, simulation result for required MPR to meet UTRAACLR and all ACLR requirements including E-UTRAACLR according to various RB sizes are presented respectively. From simulation results in figure 2, we can find that up to 2.2 dB MPR is required to meet all ACLR requirements for almost all of RB allocation size.

For SEM of LTE-A CA, we use two different proposed SEM. One is SEM described in agreed way forward [4] and the other is SEM proposed in [6]. Table 2 summarizes the two different SEMs used for reference.
	Table 2.  Used SEM requirements for RF simulation
∆fOOB
[MHz]
	SEM20MHz
	SEMR4-101706
	SEMway forward
	Measurement Bandwidth

	± 0-1
	-21
	-24
	-24
	30 kHz

	± 1-2.5
	-10
	-10
	-10
	1 MHz

	± 2.5-5
	-10
	-10
	-10
	1 MHz

	± 5-20
	-13
	-13
	-13
	1 MHz

	± 20-25
	-25
	-25
	-13
	1 MHz

	± 25-40
	
	
	-13
	1 MHz

	± 40-45
	
	
	-25
	1 MHz

	± 45-50
	
	
	
	1 MHz



In figure 2, simulation results for required MPR values to meet the two used SEM are presented. In left side simulation result of figure 2, we can find that up to 3.2 dB MPR is required to meet SEM of agreed way forward. But if we exclude some worst case RB allocation pattern, the required MPR value will be less than 2 dB in most cases. In right side of figure 2, we can find that up to 17 dB MPR is required to meet SEM of [6]. Since this SEM is more stringent requirement than SEM of agreed way forward, we can observe that there is large amount of difference in terms of required MPR.

For SE requirement, we use general spurious emission requirements defined in table 6.6.3.1-2 of TS36.101 is used for simulation. In figure 3, we can find that large MPR value up to 11.5 dB is required to meet SE requirement.


In LTE-A RF requirements, all unwanted emission requirements including ACLR, SEM and SE have to be satisfied at the same time. In figure 4, required MPR value to meet all unwanted emission requirement is presented if SEM of agreed way forward is used. From the simulation result, we can find that up to 11.5 dB large MPR value is required. But if some RB allocation pattern is excluded, required MPR value would be reduced to certain reasonable range. For example, if we limit minimum RB size per cluster to 20 RB, we can meet all unwanted emission requirements with up to 3 dB MPR. Also if we limit minimum RB size per cluster to 30 RB, required MPR value is lowered to 2.5 dB for almost cases.

In figure 5, required MPR value to meet all unwanted emission requirement is presented if SEM of [6] is used. From simulation result, we can see that up to 17 dB large MPR value is required. Also, if we compare figure 5 with figure 4, we can find that the high MPR area is more widely spread mainly due to more stringent SEM in figure 5 compared to one in figure 4.

In table 3, summarized RF simulation results are given. From these results, we can find that SEM of agreed way forward is more feasible than SEM of [6] in terms of required MPR. 

Table 3.  Summarized result for required MPR 
	
	Max. MPRrequired[dB]

	ACLR
	2.2

	SEMR4-101706
	17

	SEMway forward
	3.5

	SEgeneral
	11.5

	ACLR, SEMR4-101706 and SEgeneral 
	17/51/62

	ACLR, SEMway forward and SEgeneral
	11.5/31/2.52

	1 : required MPR if limit minimum RB size per cluster to 20 RB
2 : required MPR if limit minimum RB size per cluster to 30 RB


3 Conclusions


In this contribution, we presented some simulation results for unwanted emission to make progress of LTE-A CA UE Tx RF requirements. From all simulation results, if we use SEM of agreed way forward, required MPR value to meet all unwanted emission requirements would be up to 11.5 dB. However, if we limit some RB allocation pattern, much smaller MPR value is sufficient to meet unwanted emission requirements. Although there can exist many schemes to reduce required MPR such as RB position based scheduling, we expect that the simplest way is the adoption of some limitation for minimum RB size per cluster. 
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Figure 1.  Required MPR to meet ACLR requirements
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Figure 2.  Required MPR to meet given SEM
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Figure 3. Required MPR to meet given SEgeneral
[image: image6.emf]0

50

100

0

50

100

0

2

4

6

8

10

12

# of RB in CC1

Required MPR to meet ACLR, SEM

way forward

 and SE

general

# of RB in CC2

MPR

required

 [dB]

0 20 40 60 80 100

0

10

20

30

40

50

60

70

80

90

100  

# of RB in CC1

 

# of RB in CC2

1

2

3

4

5

6

7

8

9

10

11


Figure 4.  Required MPR to meet ACLR, SEMway forward and SEgeneral
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Figure 5.  Required MPR to meet ACLR, SEMR4-101796 and SEgeneral
























































































































































































































