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1
Introduction
How to set the Rx requirements for 2 UL interband CA has been discussed in previous RAN4 meetings [1]-[6] without conclusion. In addition to what are the Rx requirements RAN4 needs to specify, another open issue is the Tx power level during the Rx tests. This contribution continues discussion on above mentioned topics.
2
Summary
2.1 Tx power in REFSENS test
For single uplink sensitivity tests the transmitter is set to PUMAX in other words to the maximum power the UE is able to transmit. This way the impact of own transmitter to sensitivity is strongest. If this principle is followed in 2 UL interband CA feature then both of the transmitters should be set to PCMAX_L – 3 dB (+20 dBm). There has been a proposal [1] to reduce the transmitter power level lower than  PCMAX_L – 3 dB in order to reduce the IMD4 and IMD5 impact to sensitivity but during the Ad-Hoc meeting in RAN4#70bis [6] there were many companies expressing that they want to see what is the worst case impact from own transmitter to own reception thus reducing the output power seems not to be acceptable.
Proposal 1: 2 uplink interband CA sensitivity requirement is defined with both transmitters set to PCMAX_L – 3 dB.
2.2 How to specify REFSENS

In last RAN4 meeting [7] proposed that RAN4 should consider of having quite simple way of specifying the MSD and not to go into same level of details that was specified for 1 UL interband CA Class A2. RAN 4 could consider that in MSD test same uplink allocations are used for as in single carrier REFSENS test for those bands, Table 7.3.1-2 in TS 36.101 as it would be very time consuming to define exact test case for maximum MSD and in any case for some band combinations the IMD would not overlap wanted signal totally or at all. In the Ad-Hoc meeting there were opinions that it is necessary to define the exact test case where the MSD is maximized, otherwise the MSD specification is pointless. 
Next we take a look options how RAN4 could specify worst case MSD in practice.
· Formulas: If RAN4 selects same way of specifying MSD for 2 UL as was chosed for 1 UL class A2 then a combinations of formula for carrier position and a table for ul allocation sizes is needed. Required formula for carrier positions depends on the IMD order causing the MSD, see Table 1.
Table 1 IMD formulas

	IMD order
	formula

	2nd harmonics frequency limits
	2*fx

	3rd harmonics frequency limits
	3*fx

	2nd order IMD products
	|fy – fx|

	Two-tone 3rd order IMD products
	|2*fx – fy|

	Two-tone 3rd order IMD products
	|2*fy – fx|

	Two-tone 4th order IMD products
	|3*fx – fy|

	Two-tone 4th order IMD products
	|3*fy – fx|

	Two-tone 4th order IMD products
	|2*fx – 2*fy|

	Two-tone 4th order IMD products
	|2*fy – 2*fx|

	Two-tone 5th order IMD products
	|fx – 4*fy| 

	Two-tone 5th order IMD products
	|4*fx – fy|

	Two-tone 5th order IMD products
	|2*fx – 3*fy|

	Two-tone 5th order IMD products
	|2*fy – 3*fy|


These formulas would be placed as a note in the actual MSD table. In addition to carrier center frequency formulas the ul allocation sizes for both carrier should be defined as those affect to width of the IMD component. If complete requirement coverage for MSD is expected the ul allocation table will be much more complicated as for 1 ul A2 as it is the combination of both uplink that matters now. Up to 6x6 = 36 ul allocation pairs would be needed. It seems inevitable that some kind of down selection in requirement setting would be needed as otherwise the requirement would be unnecessarily complex and cumbersome. One could consider simplifying the requirement in such a way that the aggressor ul channel bandwidth would be always 10 MHz as proposed in [7]. An example how the formula method could be captured into specifications is presented in Annex A.1.
· Tables: In addition to actual MSD requirement table, the worst case carrier positions and ul allocations per band combination could listed in a table format in the annex of TS 36.101 as an alternative to formulas. RAN5 would use that information when defining the test cases. This method would set the requirement and tests such way that worst case MSD is tested but keeps the requirement section simpler although the additional complexity would be in the table in annex. Example can be found in annex A2.
· Simplified method was proposed in [7] where the band being tested the MSD is specified for all channel bandwidths that belong to a CA configuration while the band not being tested is configured to 10 MHz channel bandwidth. Uplink of the band being tested (victim) and the uplink of the other band (aggressor) are allocated with same number of resource blocks as in single carrier test (Table 7.3.1-2). MSD is specified according to worst case allocations and it is up to RAN5 to select the applicaple test points.
2.3 Tx power in other receiver tests

For single carrier and downlink CA with one uplink carrier the own transmitter power during the Rx tests is set to 4dB below PCMAX_L. For consistency we propose that same principle is used when defining the uplink power for dual uplink interband CA receiver tests (other than REFSENS). For dual uplink this would mean setting the tx powers of both transmitters into PCMAX_L-7 dB.
Proposal 2: 2 uplink interband CA receiver requirements other than REFSENS are specified with both transmitters set to PCMAX_L – 7 dB.
2.4 Which Rx tests should be specified in addition to REFSENS
If Tx power for Rx tests is set to PCMAX_L – 7 dB we have shown [2] and proposed [3] that there is no need to repeat the Rx tests for dual uplink case other than OOB-blocking and for OOB-blocking the testing with 1UL/2DL can be then skipped. 
There has been views that these requirements need to be specified but testing can be largely omitted [1]. This is an alternative from test time point of view which is the major concern however if this route is selected RAN4 must give RAN5 clear instructions that for those band combinations that support 2 UL / 2 DL there is no need to test both cases 2UL / 2 UL and 1 UL / 2 UL, instead only 2UL / 2 DL should be tested. However it has been very problematic in RAN4 to give strong guidance to RAN5 as was seen when 2 UL UE to UE co-ex requirement was discussed and LS was sent. 
3
Proposal

In this contribution we have made two proposals.
Proposal 1: 2 uplink interband CA sensitivity requirement is defined with both transmitters set to PCMAX_L – 3 dB.
Proposal 2: 2 uplink interband CA receiver requirements other than REFSENS are specified with both transmitters set to PCMAX_L – 7 dB.
4
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Annex-A

A.1 Formula method, DRAFT CR
7.3.1A

Minimum requirements (QPSK) for CA
……..
For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signals as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1-2. The reference sensitivity is defined to be met with both of the downlink component carriers active and both of the uplink component carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with exceptions given in Table 7.3.1A-0f, exceptions are allowed for CA configurations listed in Table 7.3.1A-0f when the uplinks are active on both bands simultaneously. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0f with uplink parameters for both bands specified in Table Table 7.3.1A-0g.

Table 7.3.1A-0f: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	

	CA_2A-4A
	23
	-102.7
	-99.7
	-98
	-95
	-93.2
	-91
	Victim

	
	44
	-102.7
	-99.2
	-96
	-94
	-93.2
	-93
	Victim

	CA_3A-5A
	55
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	CA_3A-8A
	36
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	
	87
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	CA_3A-19A
	195
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	CA_3A-26A
	265
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	CA_5A-7A
	58
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	CA_7A-20A
	79
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	
	208
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	Victim

	NOTE 1:
Both transmitters shall be set to 3 dB below PCMAX_L as defined in subclause 6.2.5A.
NOTE 2:
These requirements apply when the 2nd or 3rd order harmonic distortion or 2nd, 3rd, 4th or 5th order intermodulation distortion generated by the aggressor and victim band uplinks wil coincide with victim band downlink. If the harmonic or intermodulation distortion generated by the two uplinks do not coincide totally with any possible frequency setting with victim reception channel bandwidth then aggressor and victim uplink frequencies are selected such that the distortion is as close as possible to victim reception channe bandwidth.
NOTE 3:   The requirements should be verified when fvictim, dl = 2*fvictim, ul – faggressor, ul
NOTE 4:   The requirements should be verified when fvictim, dl = 3*faggressor, ul – 2*victim, ul
NOTE 5:   The requirements should be verified when fvictim, dl = faggressor, ul – fvictim, ul
NOTE 6:   The requirements should be verified when fvictim, dl = 2*faggressor, ul

NOTE 7:   The requirements should be verified when fvictim, dl = 2*faggressor, ul – 3*victim, ul

NOTE 8:   The requirements should be verified when fvictim, dl = faggressor, ul – 2*fvictim, ul  
NOTE 9:   The requirements should be verified when fvictim, dl = 2*fvictim, ul – 3*faggressor, ul


Table 7.3.1A-0g: Uplink configuration for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	

	CA_2A-4A
	2
	6
	15
	25
	50
	50
	50
	Victim

	
	4
	50
	Agressor

	
	2
	50
	Agressor

	
	4
	6
	15
	25
	50
	75
	100
	Victim

	CA_3A-5A
	3
	
	Agressor

	
	5
	
	
	
	
	
	
	Victim

	CA_3A-8A
	3
	
	Agressor

	
	8
	
	
	
	
	
	
	Victim

	CA_3A-19A
	3
	
	Agressor

	
	19
	
	
	
	
	
	
	Victim

	CA_3A-26A
	3
	
	Agressor

	
	26
	
	
	
	
	
	
	Victim

	CA_5A-7A
	5
	
	
	
	
	
	
	Victim

	
	7
	
	Agressor

	CA_7A-20A
	7
	
	
	
	
	
	
	Victim

	
	20
	
	Agressor

	CA_7A-20A
	7
	
	Agressor

	
	20
	
	
	
	
	
	
	Victim

	NOTE 1:
Refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.
NOTE 2:
While testing the reference sensitivity of a band the uplink active on a band other than the band whose downlink is being tested shall have E-UTRA channel bandwidth of 10 MHz (aggressor).


……
A.2 Table method

7.3.1A

Minimum requirements (QPSK) for CA
……..
For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signals as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1-2. The reference sensitivity is defined to be met with both of the downlink component carriers active and both of the uplink component carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with exceptions given in Table 7.3.1A-0f, exceptions are allowed for CA configurations listed in Table 7.3.1A-0f when the uplinks are active on both bands simultaneously. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0f with uplink parameters for both bands specified in Annex –Z.z.z.z .

Table 7.3.1A-0f: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_2A-4A
	2
	-102.7
	-99.7
	-98
	-95
	-93.2
	-91
	FDD

	
	4
	-102.7
	-99.2
	-96
	-94
	-93.2
	-93
	

	CA_3A-5A
	5
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_3A-8A
	3
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	
	8
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	

	CA_3A-19A
	19
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_3A-26A
	26
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_5A-7A
	5
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_7A-20A
	7
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	
	20
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	

	NOTE 1:
Both transmitters shall be set to 3 dB below PCMAX_L as defined in subclause 6.2.5A.



…..
Annex –Z 

Table Z-1

	EUTRA CA Configuration
	Victim band
	Aggressor band
	fvictim [MHz]
	faggressor [MHz]
	ul allocations for victim band
	UL alloc. For aggressor band

	
	
	
	
	
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	10 MHz

	CA_2A-4A
	2
	4
	1850+ CH_BW/2
	1750
	6
	15
	25
	50
	50
	50
	50

	
	4
	2
	1750
	1883.3
	6
	15
	25
	50
	75
	100
	50

	CA_3A-5A
	5
	3
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CA_3A-8A
	3
	8
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	8
	3
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CA_3A-19A
	19
	3
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CA_3A-26A
	26
	3
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CA_5A-7A
	5
	7
	 
	 
	 
	 
	 
	 
	 
	 
	 

	CA_7A-20A
	7
	20
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	20
	7
	 
	 
	 
	 
	 
	 
	 
	 
	 


A.3 Simplified method
For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signals as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1-2. The reference sensitivity is defined to be met with both of the downlink component carriers active and both of the uplink component carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with exceptions given in Table 7.3.1A-0f, exceptions are allowed for CA configurations listed in Table 7.3.1A-0f when the uplinks are active on both bands simultaneously. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0f with uplink parameters for both bands specified in Table 7.3.1-2.

Table 7.3.1A-0f: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex mode

	CA_2A-4A
	2
	-102.7
	-99.7
	-98
	-95
	-93.2
	-91
	FDD

	
	4
	-102.7
	-99.2
	-96
	-94
	-93.2
	-93
	

	CA_3A-5A
	5
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_3A-8A
	3
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	
	8
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	

	CA_3A-19A
	19
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_3A-26A
	26
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_5A-7A
	5
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	CA_7A-20A
	7
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	FDD

	
	20
	FFS
	FFS
	FFS
	FFS
	FFS
	FFS
	

	NOTE 1:
Both transmitters shall be set to 3 dB below PCMAX_L as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
While testing the reference sensitivity of a band the uplink active on a band other than the band whose downlink is being tested shall have E-UTRA channel bandwidth of 10 MHz.


