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1 Introduction
This document discusses the ACLR requirements for LTE-A UE supporting CA. We first review the LTE-A co-existence scenarios approved previously then analyze the method of ACLR definition to satisfy the co-existence requirements. Simulation results are presented to evaluate the definition and MPR to meet Rel-8 ACLR requirement. A text proposal is provided which shall be captured in section 6.6.2.3 of LTE-A UE TR [1] on Adjacent Channel Leakage Ratio.
2 Discussion
Table 1 summarizes the simulation scenarios for LTE-A coexistence studies from [4]. The rationales of the proposed scenarios are listed below:

-
Aggressor system should be LTE-A with contiguous CA larger than 20 MHz. It is noted that the scenario, in which the total channel bandwidth in contiguous CA is equal to or smaller than 20 MHz, has already been covered in the LTE coexistence studies. Based on the LTE-A deployment scenarios, the aggregated bandwidth of 40MHz is chosen for simulation.

-
Victim system should be LTE-A, LTE, and UMTS. It is noted that UL coexistence between LTE (aggressor) and UMTS (victim) was one of the worst-case scenarios in the LTE co-existence studies. It means that the scenario in which UMTS is victim system should also be considered for LTE-A co-existence studies. 

Table 1 Summary of simulation scenarios
	Scenario #
	Aggressor system
	Victim system
	Simulation frequency
	Environment
	ISD
	Cell Range
	Priority

	1
	DL: 40 MHz, UL: 40 MHz LTE-A
	10 MHz LTE
	2000 MHz
	Urban Area
	750 m
	500 m
	High

	2
	DL: 40 MHz, UL: 40 MHz LTE-A
	DL: 40 MHz, UL: 40 MHz LTE-A
	2000 MHz
	Urban Area
	750 m
	500 m
	High

	3
	DL: 40 MHz, UL: 40 MHz LTE-A
	5 MHz UTRA/ 1.6MHz UTRA TDD
	2000 MHz
	Urban Area
	750 m
	500 m
	High


The coexistence simulation results from companies have been captured in 36.942. The consensus has been reached that the ACIR can be maintained as R8 which will not cause any co-existence problems. From the simulation scenarios and ACIR results, we can get some observations about ACLR definition below:
1) For uplink 40MHz LTE-A system, the ACLR for the adjacent 10MHz or other LTE system can not inferior to 30dB.
2) For uplink 40MHz LTE-A system, the ACLR for the adjacent 40MHz LTE-A system can not inferior to 30dB.

3) For uplink 40MHz LTE-A system, the ACLR1&2 for the adjacent UTRA system can not inferior to 33 and 36dB.
The ACLR definition must cover above three observations. The ACLR for UTRA system have been reached a consensus last meeting [1], so in this contribution, we mainly discussed the ACLR for LTE-A and LTE system. 10MHz and 20MHz Channel BW is selected for victim LTE system; minimum carrier spacing and 1MHz guard band is selected for aggressor 40MHz LTE-A system. Table 2 summarizes the beginning and end of the frequency offset of rectangular filter used to measure the adjacent channel power (ACP) from the CA channel edge.
Table 2 The beginning and end of the rectangular filter used to measure the ACP

	Aggregated Channel Bandwidth
	Adjacent Channel Bandwidth
	Adjacent Channel measurement Bandwidth
	the beginning of the filter from the channel edge
	the end of the filter from the channel edge

	38.3 MHz
	10 MHz
	9 MHz
	0.5 MHz
	9.5 MHz

	38.3 MHz
	20 MHz
	18 MHz
	1 MHz
	19 MHz

	38.3 MHz
	38.3 MHz
	36.3 MHz
	1 MHz
	37.3 MHz


From Table 2, we can see that the adjacent channel region for 38.3MHz include the adjacent channel region for 20MHz; the adjacent channel region for 20MHz include most of the adjacent channel region for 10MHz except the region [0.5MHz: 1MHz] from the channel edge. This small region has little impact on the ACP. So the ACP for 20MHz is less than the ACP for 38.3MHz; and it is still expected that the ACP for 10MHz is less than the ACP for 20MHz. From the co-existence simulation results, the ACLR requirements for adjacent 10M, 20M, 40MHz are both 30dBc. That is, if the ACLR for LTE-A system can be satisfied, the ACLR for LTE system can also be satisfied because the ACP for LTE system is less than the ACP for LTE-A system. Therefore, for the scenario 1# and 2#, only observation 2 is needed for ACLR definition. We propose to define the ACLR requirement only for adjacent LTE-A system (adjacent channel has Aggregated channel bandwidth) and for adjacent UTRA system.
Some simulations are done to evaluate the ACLR requirements for 38.3MHz carrier aggregation. In our simulation, we use LTE UL signal source with QPSK modulation at 2GHz centre frequency with full RB allocation. The IQ imbalance and carrier leakage are 25dBc and there is no CIM3. The E-UTRA/UTRA ACLR performance is measured following the definition in Table 2. Table 3 is the ACLR performance with different output power:
Table 3 ACLR Performance for 40MHz Carrier Aggregation
	ACLR
	LTE-AACLR1
	LTEACLR1 for 20MHz
	LTEACLR1 for 10MHz

	Specifications
	30 dB
	30dB
	30dB

	Performance

2 dB MPR
	32.9 dB
	33.7 dB
	35.5 dB

	Performance

1 dB MPR
	28.6 dB
	29.3 dB
	31.2 dB

	Performance

0 dB MPR
	25 dB
	25.8 dB
	27.7 dB


From the ACLR simulation results in Table 3, we can see that the simulation results are in support of our analysis above. The ACLR for LTE-A system is harder to satisfy than the LTE system, so only ACLR for LTE-A system need to be defined. 
3 Conclusion

We propose to adopt the ACLR requirement only for adjacent LTE-A system (adjacent channel has Aggregated channel bandwidth) and for adjacent UTRA system.
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5 Text proposal
<Start of TP>
6.6.2.3
Adjacent Channel Leakage Ratio 

Depending on the adjacent channel bandwidth (single or multiple CC) it may be necessary to investigate the impact of ALCR with different number of CC for the following; 

1) CA_X    (Intra band  contiguous CA)
R4-102739; Way forward:

Adopt REL-8/9 ACLR requirements for REL-10 carrier aggregation

· UTRAACLR1 
= 33 dBc
· UTRAACLR2 
= 36 dBc
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

6.6.2.3A
ACLR for intra-band contiguous CA
According to the guideline presented in ITU-R SM.1539 and SM.1541, the out-of-band domain for Carrier Aggregation can be defined as aggregated channel bandwidth plus additional 5MHz. Regarding the location and bandwidth of the adjacent band, it is suggested in SM.1541 to be equivalent to the noise bandwidth of the adjacent band receiver (clause 1.3.1.2 in SM.1541). SM.1541 also suggests using the transmitter occupied bandwidth as the bandwidth of the adjacent band if the adjacent band receiver is unknown. In LTE Rel-8, E-UTRAACLR1 is defined according to the E-UTRA carrier channel bandwidth. 

Based on the discussion above, it is suggested to define the E-UTRAACLR1 according to the aggregated channel bandwidth. ACLR requirements for Carrier Aggregation are specified for two scenarios for an adjacent channel equal to  aggregated channel bandwidth and /or UTRA channel as shown in Figure 1 below:

[image: image1]
Figure 6.6.2.3A-1: Adjacent Channel Leakage requirements for contiguous Carrier Aggregation
The ACLR requirements for different aggregated channel bandwidth could be different. It’s suggested to specify E-UTRAACLR1 for 40MHz intra-band contiguous CA in Rel-10 time frame and leave the ACLR requirements for other  aggregated channel bandwidth for future release. Below are the ACLR requirements for E-UTRA carrier aggregation in tabulated format:

Table 6.6.2.3A-1: ACLR general requirements for E-UTRA contiguous Carrier Aggregation
	 Aggregated channel bandwidth
BWChannel_CA (in MHz)
	20MHz< BWChannel_CA<=40MHz
	[Other Aggregated channel bandwidth]

	E-UTRAACLR1
	[30] dB
	[TBD]

	Measurement bandwidth
	BWConfig_CA
	BWConfig_CA

	Adjacent channel centre frequency offset (in MHz)
	BWChannel_CA
/
- BWChannel_CA
	BWChannel_CA
/
- BWChannel_CA


The UTRA ACLR requirements in case of carrier aggregation could also be defined according to different aggregated channel bandwidth. Table 6.6.2.3A-2 is the UTRA ACLR definition. We also suggested specifying the UTRA ACLR requirements for 40 MHz intra-band contiguous CA in the Rel-10 time frame and leaving the ACLR requirements for other aggregated channel bandwidth for future release. 
Table 6.6.2.3A-2: Requirements for UTRA ACLR for contiguous Carrier Aggregation
	 Aggregated channel bandwidth
BWChannel_CA  (in MHz)
	20MHz< BWChannel_CA <=40MHz
	[Other Aggregated channel bandwidth]

	UTRAACLR1
	33 dB
	[TBD] dB

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

/

- BWChannel_CA /2-BWUTRA/2
	BWChannel_CA /2+BWUTRA/2

/

- BWChannel_CA /2-BWUTRA/2

	UTRA ACLR2
	36 dB
	[TBD] dB

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

/

- BWChannel_CA /2-3*BWUTRA/2
	+ BWChannel_CA /2+3*BWUTRA/2

/

- BWChannel_CA /2-3*BWUTRA/2

	E-UTRA  channel Measurement bandwidth
	BWConfig_CA
	BWConfig_CA

	UTRA 5MHz channel Measurement bandwidth
	3.84 MHz
	3.84 MHz


<Next Section>

Annex B

Release 10 draft specification

6.6.2.3
Adjacent Channel Leakage Ratio 

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.  ACLR requirements are specified for two scenarios for an adjacent E -UTRA and /or UTRA channel as shown in Figure 6.6.2.3 -1. In case of contiguous Carrier Aggregation, the E-UTRAN channel contains the component carriers aggregated contiguously, and ΔfOOB follows the definition in clause 6.6.3 for Carrier Aggregation.
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Figure 6.6.2.3-1: Adjacent Channel Leakage requirements

6.6.2.3.1
Minimum requirement E-UTRA 

E-UTRA Adjacent Channel Leakage power Ratio (E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing.  The assigned E-UTRA channel power and adjacent E-UTRA channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.6.2.3.1-1 and Table 6.6.2.3.1-2. If the measured adjacent channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 6.6.2.3.1-1 and Table 6.6.2.3.1-2. 
Table 6.6.2.3.1-1:  General requirements for E-UTRAACLR
	
	Channel bandwidth / E-UTRAACLR1   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	E-UTRAACLR1
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB
	30 dB

	E-UTRA channel Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz

	Adjacent channel centre frequency offset (in MHz)
	+1.4

/

-1.4
	+3.0

/

-3.0
	+5

/

-5
	+10

/

-10
	+15

/

-15
	+20

/

-20


Table 6.6.2.3.1-2: ACLR general requirements for E-UTRA contiguous Carrier Aggregation
	 Aggregated channel bandwidth
BWChannel_CA (in MHz)
	20MHz< BWChannel_CA<=40MHz

	E-UTRAACLR1
	[30] dB

	Measurement bandwidth
	BWConfig_CA

	Adjacent channel centre frequency offset (in MHz)
	BWChannel_CA
/
- BWChannel_CA


6.6.2.3.2
Minimum requirements UTRA 

UTRA Adjacent Channel Leakage power Ratio (UTRAACLR) is the ratio of the filtered mean power centred on the assigned E-UTRA channel frequency to the filtered mean power centred on an adjacent(s) UTRA channel frequency. 

UTRA Adjacent Channel Leakage power Ratio is specified for both the first UTRA adjacent channel (UTRAACLR1) and the 2nd UTRA adjacent channel (UTRAACLR2). The UTRA channel power is measured with a RRC bandwidth filter with roll-off factor =0.22. The assigned E-UTRA channel power is measured with a rectangular filter with measurement bandwidth specified in Table 6.6.2.3.2-1 and in Table 6.6.2.3.2-2.  If the measured UTRA channel power is greater than –50dBm then the UTRAACLR shall be higher than the value specified in Table 6.6.2.3.2-1 and in Table 6.6.2.3.2-2.

Table 6.6.2.3.2-1: Requirements for UTRAACLR1/2
	
	Channel bandwidth  / UTRAACLR1/2   / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	UTRAACLR1
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB
	33 dB

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

-0.7-BWUTRA/2
	1.5+BWUTRA/2
/

-1.5-BWUTRA/2
	+2.5+BWUTRA/2
/

-2.5-BWUTRA/2
	+5+BWUTRA/2
/

-5-BWUTRA/2
	+7.5+BWUTRA/2
/

-7.5-BWUTRA/2
	+10+BWUTRA/2
/

-10-BWUTRA/2

	UTRAACLR2
	-
	-
	36 dB
	36 dB
	36 dB
	36 dB

	Adjacent channel centre frequency offset (in MHz)
	-
	-
	+2.5+3*BWUTRA/2
/

-2.5-3*BWUTRA/2
	+5+3*BWUTRA/2
/

-5-3*BWUTRA/2
	+7.5+3*BWUTRA/2
/

-7.5-3*BWUTRA/2
	+10+3*BWUTRA/2
/

-10-3*BWUTRA/2

	E-UTRA  channel Measurement bandwidth
	-
	-
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz

	UTRA 5MHz channel Measurement bandwidth*
	-
	-
	3.84 MHz
	3.84 MHz
	3.84 MHz
	3.84 MHz

	UTRA 1.6MHz channel measurement bandwidth**
	-
	-
	1.28 MHz
	1.28MHz
	1.28MHz
	1.28MHz

	*   Note:  Applicable for E-UTRA FDD co-existence with UTRA FDD in paired spectrum.

**  Note:  Applicable for E-UTRA TDD co-existence with UTRA TDD in unpaired spectrum.


Table 6.6.2.3.2-2: Requirements for UTRA ACLR for contiguous Carrier Aggregation
	 Aggregated channel bandwidth
CA_BWChannel(in MHz)
	20MHz<CA_BWChannel <=40MHz

	UTRAACLR1
	33 dB

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

/

- BWChannel_CA /2-BWUTRA/2

	UTRA ACLR2
	36 dB

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

/

- BWChannel_CA /2-3*BWUTRA/2

	E-UTRA  channel Measurement bandwidth
	CA Transmission bandwidth configuration

	UTRA 5MHz channel Measurement bandwidth
	3.84 MHz


<End of TP>
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