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1 Background
In this companion paper to [1] we propose receiver RF requirements for UE(s) supporting Class A1-A3 with one uplink active (this document is a revision of [8] with changes highlighted in yellow). The agreed relaxation of the reference sensitivity for constituent bands of any low-high band combination without harmonic relation (A1) supported by the UE is 

· ΔRIB = 0 dB

with
· single UL assumed,
· low band < 1 GHz,
· high band > 1.7 GHz,

· carrier frequencies up to Band 7,
· and applicable for 5, 10, 15 and 20 MHz bandwidths. 

It is also agreed to add below the “∆TIB” and “∆RIB” tables in TR 36.807 and in the corresponding updates to TS 36.101: “The values in the table reflect what can be achieved with the present state of the art technology. They shall be reconsidered when the state of the art technology progresses.” 

Supporting multiple band combinations is FFS. The specification of minimum requirements for inter-band combinations in 36.101 should be implementation agnostic and allow support of multiple combinations not to further increase market fragmentation. The large number of region- and operator-specific bands already necessitates implementation of multiple front-end versions for devices detrimental to global circulation, and the introduction of carrier aggregation capability should not further increase the number of required customer-specific implementations. 

Just as for the proposal for MOP in [1], we recognize that operating bands have different technical characteristics and propose to

· treat the impact of increased IL on REFSENS for operating bands on a case-by-case basis

· allow relaxation ΔRIB of REFSENS for support of A1 combination (low band < 1 GHz and high band > 1.7 GHz) regardless of operational mode for a very limited set of combinations of bands and bandwidths 

· allow a moderate maximum sensitivity degradation MSDIB (5-10 dB) for the low band creating harmonics for A2 combinations that also requires a reasonable front-end isolation at the high band 
· treat A3 combinations (including DB-DC-HSDPA and 4C-HSDPA) on a case-by case basis

by assuming the same reference architectures for setting requirements as in [1] that allow support of multiple combinations of all types, but without mandating any particular implementation 
We also propose changes for the ACS, narrow-band and in-band blocking requirements and supply a proposal for the outstanding requirements for out-of-band blocking with its exceptions for spurious response. This would complete the test configurations for the RF receiver requirements for inter-band CA with one active uplink.
2 Reference sensitivity 

For the reference sensitivity in single-band operation, we propose to specify relaxations RIB per carrier-aggregation class A1-A3 similar to the allowed relaxations for MOP proposed in [1].  The minimum mean power applied to both of the UE antenna ports is then given by REFSENS + RIB (dBm). The proposed relaxations for reference sensitivity are fewer that those for the MOP requirements and only apply to certain bandwidths, E-UTRA CA, DC-DB-HSDPA and 4C-HSDPA configurations. We propose to specify the MOP requirements in the following way

· for A3 combinations supported, allow a MOP relaxation RIB,1 for each constituent band, use the maximum value of the RIB,1 for any constituent band that is part of several A3 combinations (overlapping band),
· in exceptional cases, allow a bandwidth-specific relaxation for some bands if the UE supports certain A1 and A2 combinations

· treat mid-bands in Class “A5” either as an A1 or and A3 combination (depending on scenario).

For a UE supporting multiple combination of classes A1/A2 and A3 the total relaxation RIB = RIB,1  + RIB,2  is allowed if constituent band of a configuration is allowed a relaxation for both the A1/A2 and A3 combination for a given bandwidth.
The modified requirements apply also for CA for Class A1 and A3. For Class A2 combinations (with harmonics problem), we propose to specify the allowed relaxation when the UE is configured for CA as a maximum sensitivity degradation (MSD).
2.1 Single-band operation for UE(s) supporting A1
The reference architecture for setting the MOP requirements for multiple A1 combinations is shown in Figure 1: this can also be used for considering modification for REFSENS. In general, the margins available for REFSENS requirements are sufficient for absorbing the increased IL by an antenna diplexer (mid-bands in the 1.5 GHz need special consideration).
· For UE(s) supporting one or multiple A1 combinations of E-UTRA bands (high band > 1.7 GHz and low band < 1 GHz), we propose to follow the way forward [2] 
· RIB = 0 dB

· except for combinations including Band 18 and 19 for which RIB > 0 dB for the 15 MHz bandwidth.
Exceptions may also be needed for the 1.4 MHz bandwidth for some bands due to IP2, changes made recently may have to be revisited due to the higher insertion loss incurred by a diplexer (TBD).

 For UE(s) supporting the DB-DC-HSDPA or 4C-HSDPA combinations of type A1, we likewise propose
· RIB = 0 dB 

as the existing configurations do not include the bands referred to above.  


[image: image19.bmp]
Figure 1: reference architecture for setting requirements for a UE supporting Class A1 combinations.
2.2 Support of Class A2
For supporting of combinations with harmonics problems, one could [3]

1. either assume that the UE always uses a harmonic filter in the front end: the desensitization would then be moderate but any allowed TX degradation due to harmonic filter may influence other (low) bands supported by the UE,  

2. or assume no harmonic filter and accept that desense could happen, recognizing that this may not be a common scenario [4][5] and that the primary downlink is not affected.

In [1] we propose allow a relaxation only for the low band of the particular A2 combination supported, but not for other bands supported due to harmonic filtering. This would correspond to a reference architecture for setting the minimum requirement as shown in Figure 2. 

[image: image2]
Figure 2: reference architecture for setting requirements for a UE supporting Class A1 and A2 combinations.
For the specification of the reference sensitivity when the UE is configured for CA, only could
1. either specify a substantial MSD (of the order of 20 dB) to allow implementations without a harmonic filter for improved MOP performance

2. or specify a smaller MSD (order of single dB) that effectively mandates an harmonic filter with its IL penalty for the low band but ensures a moderate sensitivity degradation under all circumstances.
The proposal for MOP in [1] and the reference architecture in Figure 2 allows both options. To give a numerical example for CA_17A-4A: MSDIB would be of the order of 20 dB for the 5 + 5 MHz case without an harmonic filter but with assumed front-end rejection around 60 dB in Band 4. Using a harmonic filter, we obtain MSDIB = 2 dB at a 1 dB penalty of the MOP (22 dBm) for Band 17 with a harmonic filter before and after the switch (the latter not assumed in the reference architecture in Figure 2), thus verifying the result in [6]. 

An MSDIB > 0 dB is allowed when the uplink is active in the low band, displayed in Table 1 for Band 17 + Band 4. Each row refers to the uplink band with both downlinks active. 

Table 1: MSDIB for inter-band CA with one uplink band [two downlinks active]
	Channel bandwidth

	E-UTRA Configuration
	Uplink band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	CA_17A-4A
	17
	
	
	TBD1
	TBD1
	
	
	FDD

	
	4
	
	
	n/a
	n/a
	
	
	FDD

	Note 1: “larger” due to harmonics (only specified for the uplink configured in Band 17)


Alternatively, for A2 combinations, the sensitivity test in CA-mode could be carried out at PCMAX_L – 4 dB that would also supply a reference level for the wanted signal level in all receiver tests (see Section 3.1). The noise factor of the receiver is already verified for single-band operation at full transmitter power. The drawback is that the maximum sensitivity degradation that could occur would not be specified.
For single-band operation we propose that for UE(s) supporting one or multiple A2 combinations of E-UTRA bands (high band > 1.7 GHz and low band < 1 GHz),

· RIB = 0 dB like for the A1 combinations.

2.3 MSD for A2 combinations configured for CA
The MSD value is largely depending in the isolation that can be achieved in the front-end, except in the case the overall isolation requirement at the high band approaches values of the order of 80 dB and higher. Table 2 shows the estimated isolation required in the front-end to achieve a specific MSD requirements.
Table 2: MSD for inter-band CA with one uplink band [two downlinks active]
	MSD [dB]
	Isolation on main branch [dB]

	18
	65

	14
	70

	10
	75

	4
	80


An MSD value in the range 5-10 dB could be reasonable compromise between network impact and the isolation requirement at the high band. The MSD requirement should be feasible without mandating harmonic filtering after the switch (the reference architecture in Figure 2), which means that
· a moderate MOP penalty on the low band (see the proposal in [1]),

· that MOP requirements on other bands supported by the UE are not penalized,
· the propagation properties of the lower band can still be exploited despite a moderate MOP penalty,
· that the Scell desensitization penalty is reduced across the cell (the Pcell DL is not affected).
2.4 Support of Class A3 combinations

The IL penalty and resulting RIB for the constituent bands of A3 combinations is determined on a case by case basis, assuming each A3 combination implemented using either a quadplexer or as part of a multiplexer. The reference architecture proposed for setting the minimum requirements for multiple A3 combinations together with A1 combinations is shown in Figure 3 (same as proposed in [1] for MOP requirements). If the UE supports multiple A3 combinations with overlapping constituent bands (e.g. Band 4 for supported combinations Band 2 + Band 4 and Band 4 + Band 7), then

· the RIB for the overlapping band is given by its maximum relaxation for the A3 combinations supported

not to unduly constrain other implementations by which multiple A3 combinations would be supported by multiplexers; two quadplexers are assumed in Figure 3, only one possible implementation.

[image: image3]
Figure 3: reference architecture for a UE supporting multiple A3 and one or more A1 combinations.

The relaxation should apply regardless of operational mode (CA or non-CA) and also in case UTRA combinations are supported. For the DB-DC-HSDPA configuration II+IV the UTRA relaxation is 1 dB. For a relaxation of this order, a RIB > 0 dB may be motivated in single-band operation for the E-UTRA bands 2 and 4 if this UTRA configuration is supported. For Band 2 the increased IL may require a modification of the sensitivity requirement for the 1.4 MHz due to IP2. 
Table 3 shows the proposed format of the MSD for Class A3 support for single-band operations with DB-DC-HSDPA includes as an example. RIB > 0 dB may be required for the 1.4 MHz and 3 MHz requirements in bands 2 and 4 and for the large allocation in Band 2. 
Table 3: RIB for UE(s) supporting carrier aggregation for single-band operation
	Channel bandwidth

	E-UTRA CA Configuration
	Uplink band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	[TBD]
	
	
	
	
	
	
	
	FDD

	
	
	
	
	
	
	
	
	FDD

	DB-DC-HSDPA Configuration
	Uplink band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	2
	2
	TBD
	TBD
	
	
	TBD
	TBD
	FDD

	
	4
	TBD
	TBD
	
	
	
	
	FDD

	Note 1:


The same requirements should apply when the UE is configured for CA.
2.5 Changes of REFSENS in 36.101 (Rel-11)
The following changes are proposed:
· the total relaxation allowed for any given operating band and bandwidth combination is RIB = RIB,1 + RIB,2 is specified in 7.3.1 (single-band operation)
· RIB,1 applies for Class A3 combinations of both E-UTRA and UTRA configurations
· the maximum value of RIB,1 applies for operating bands part of several A3 combinations 
· RIB,2 applies A1 and A2 combinations of both E-UTRA and UTRA configurations 
· for A2 combinations a maximum sensitivity degradation MSDIB is specified in clause 7.3.1A for CA
7.3
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.

7.3.1

Minimum requirements (QPSK) 

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-signal 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
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	22
	
	
	-97
	-94
	-92.2
	-91
	FDD

	23
	-104.7
	-101.7
	-100
	-97
	
	
	FDD

	24
	
	
	-100
	-97
	
	
	FDD

	25
	-101.2
	-98.2
	-96.5
	-93.5
	-91.7
	-90.5
	FDD

	26
	-102.7
	-99.7
	-97.56
	-94.56
	-92.76
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-98
	-95
	-93.2
	-92
	TDD

	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5
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:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.
Note 6:
6  indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.


The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1-1 shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3.1-2.

Note: Table 7.3.1-2 is intended for conformance tests and does not necessarily reflect the operational conditions of the network, where the number of uplink and downlink allocated resource blocks will be practically constrained by other factors. Typical receiver sensitivity performance with HARQ retransmission enabled and using a residual BLER metric relevant for e.g. Speech Services is given in the Annex X (informative).



	
	
	


	
	
	

	
	
	


For the UE that supports any of the E-UTRA CA configurations, DB-DC-HSDPA configurations and dual-band 4C-HSDPA configurations given in Table 7.3.1-1a, the reference sensitivity as specified in Table 7.3.1-1 may be modified by RIB,1 as specified in Table 7.3.1-1afor applicable E-UTRA bands and channel bandwidths.  
Table 7.3.1-1a: Allowed RIB,1  for UE(s) that supports inter-band carrier aggregation, DB-DC-HSDPA or dual-band 4C-HSDPA [single-band operation for A3] 

	Channel bandwidth

	E-UTRA Configuration
	E-UTRA band
	1.4 MHz (dBm)
	3 MHz (dBm)
	5 MHz (dBm)
	10 MHz (dBm)
	15 MHz (dBm)
	20 MHz (dBm)
	Duplex Mode

	TBD
	
	
	
	
	
	
	
	

	

	DC-DB-HSDPA Configuration
	E-UTRA band
	1.4 MHz (dB)
	3 MHz (dB)
	5 MHz (dB)
	10 MHz (dB)
	15 MHz (dB)
	20 MHz (dB)
	Duplex Mode

	2
	2
	TBD
	TBD
	n/a
	n/a
	n/a
	TBD
	FDD

	
	4
	TBD
	TBD
	n/a
	n/a
	n/a
	n/a
	FDD

	

	4C-HSDPA Configuration
	E-UTRA band
	1.4 MHz (dB)
	3 MHz (dB)
	5 MHz (dB)
	10 MHz (dB)
	15 MHz (dB)
	20 MHz (dB)
	Duplex Mode

	II-1-IV-2, II-2-IV-1, II-2-IV-2
	2
	TBD
	TBD
	n/a
	n/a
	n/a
	TBD
	FDD

	
	4
	TBD
	TBD
	n/a
	n/a
	n/a
	n/a
	FDD

	NOTE 1:
For E-UTRA bands that are part of more than one of the E-UTRA and UTRA band combinations listed, the maximum RIB,1 value applies.
NOTE 2:



For the UE that supports at least one of the E-UTRA CA configurations, DB-DC-HSDPA configurations and dual-band 4C-HSDPA configurations listed in NOTE 1 of Table 7.3.1-1b, the reference sensitivity as specified in Table 7.3.1-1 may be modified by RIB,2 as specified in Table 7.3.1-1bfor applicable E-UTRA bands and channel bandwidths.  

Table 7.3.1-1b: Allowed RIB,2 for UE(s) that supports inter-band carrier aggregation, DB-DC-HSDPA or dual-band 4C-HSDPA [single-band operation for A1 and A2] 

	Channel bandwidth

	E-UTRA band
	1.4 MHz (dB)
	3 MHz (dB)
	5 MHz (dB)
	10 MHz (dB)
	15 MHz (dB)
	20 MHz (dB)
	Duplex Mode

	18
	n/a
	n/a
	n/a
	n/a
	TBD
	
	

	19
	n/a
	n/a
	n/a
	n/a
	TBD
	
	

	NOTE 1:
The modification is allowed for the E-UTRA CA configurations CA_5A-1A […], the DB-DC-HSDPA configurations […] and the dual-band 4C-HSDPA configurations […] specified in [25.101].


For the UE that supports one or multiple of the E-UTRA CA, DB-DC-HSDPA and dual-band 4C-HSDPA configurations given in Table 7.3.1-1a and Table 7.3.1-1b, the total modification of the reference sensitivity as specified in Table 7.3.1-1 allowed for any applicable E-UTRA band and channel bandwidth combination is RIB = RIB,1 + RIB,2 (dB).
<text omitted > 
7.3.1A

Minimum requirements (QPSK) for CA

For inter-band carrier aggregation with uplink assigned to one E-UTRA band 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-signal 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 downlink component carriers active and either of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1. 
For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0, the reference sensitivity as specified in Table 7.3.1-1 may be modified by the maximum sensitivity degradation MSDIB specified in Table 7.3.1A-0for applicable E-UTRA bands and channel bandwidths.  
Table 7.3.1A-0: MSDIB for inter-band CA with one active uplink

	Channel bandwidth

	E-UTRA CA Configuration
	Uplink band
	1.4 MHz (dB)
	3 MHz (dB)
	5 MHz (dB)
	10 MHz (dB)
	15 MHz (dB)
	20 MHz (dB)
	Duplex Mode

	CA_12A-4A
	12
	
	
	TBD
	TBD
	
	
	FDD

	
	4
	
	
	n/a
	n/a
	
	
	FDD

	CA_17A-4A_
	12
	
	
	TBD
	TBD
	
	
	FDD

	
	4
	
	
	n/a
	n/a
	
	
	FDD


For intra-band contiguous carrier aggregation the throughput of each component carrier 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-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1A-1. Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band contiguous carrier aggregation reference sensitivity requirement shall be met. The PCC and SCC allocations follow Table 7.3.1-2 and form a contiguous allocation where TX–RX frequency separations are as defined in Table 5.7.4-1. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2.

Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity

	CA configuration / CC combination / NRB_agg / Duplex mode

	CA configuration
	100RB+50RB
	75RB+75RB
	100RB+75RB
	100RB+100RB
	Duplex Mode

	CA_1C
	n/a
	n/a
	PCC
	SCC
	n/a
	n/a
	PCC
	SCC
	FDD

	
	n/a
	n/a
	75
	55
	n/a
	n/a
	100
	30
	

	CA_40C
	PCC
	SCC
	PCC
	SCC
	n/a
	n/a
	PCC
	SCC
	TDD

	
	100
	50
	75
	75
	n/a
	n/a
	100
	100
	

	CA_41C
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	TDD

	
	100
	50
	75
	75
	100
	75
	100
	100
	

	NOTE 1:
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 2: 
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2.5.
NOTE 3: 
The UL resource blocks in both PCC and SCC shall be confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


7.3.1B
Minimum requirements (QPSK) for UL-MIMO
< end of changes  >

3 ACS
For ACS we propose to modify the core requirements to be applicable with the uplink active in any of the uplink bands. The A2 combinations need special consideration due to the harmonics (also for the blocking requirements).
3.1 UL in lower and upper band
In the current version of 36.101 the ACS requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The impact of TX noise will then be negligible but the impact of cross-modulation is not verified when the uplink is active in the band under test. Figure 4 shows the configuration of the ACS test for the A2 combination CA_12A-4A implemented with a diplexer (only one possible implementation). The cross modulation of the adjacent interferer (ACI) depends on the isolation at the TX that may be different in the lower and upper band.

[image: image4]
Figure 4: configuration of the ACS test for carrier aggregation.

When the uplink is active in Band 12 then the reference sensitivity may be degraded by the 3rd harmonic (red in Figure 4). The wanted and interferer signal level is based on the reference sensitivity. To account for the harmonics we propose that
· if the allowed MSDIB is of the order of 10 dB as discussed in Section 2.3, the wanted and interferer levels are modified when the uplink is active in the lower band 
· if the allowed MSDIB is of the order of 3 dB, the levels are not modified (then the desensitization can be neglected with the transmitter 4 dB below maximum output power).
The impact of cross-modulation would also be verified in this case. The core requirement for the ACS test should be applicable regardless of uplink band, but the uplink may be assigned in one of the uplink bands in the test specification, e.g.  to the band for which the downlink is tested to limit the test time and avoid the modification above for the A2 combinations.
The ACS, blocker and inter-modulation tests are carried out with the uplink power set to 4 dB below PCMAX_L with implies a reduction of the sensitivity degradation due to harmonics. If the PA operating point is below the compression point, then the third harmonics is 

HD3 ~ 3Pout
which means that a 4 dB reduction of the output power corresponds to a 12 dB reduction of the harmonic product. If an MSDIB of about 10 dB is allowed, corresponding to an isolation of 75 dB at the high band (Table 2), then the sensitivity degradation will be of the order of 2 dB when the transmitter power is reduced by 4 dB. If, on the other hand, an MSDIB ~ 2-3 dB, corresponding to a tight isolation requirement at the high band (Table 2), the degradation at 4 dB back-off could possibly be neglected.
In case the allowed MSDIB is “large” then the wanted and interferer levels should therefore be modified 
1. by an amount MHD that results from harmonic distortion (HD) from the uplink transmitter at a 4 dB power back-off 
This implies a specification of MHD for each A2 combination. Alternatively, the sensitivity in CA-mode could be carried out at PCMAX_L – 4 dB that would supply a reference level for the wanted signal level in all receiver tests for A2 combinations as discussed Section 2.2. Then MSDIB = MHD.
3.2 Changes of ACS in 36.101
The changes for ACS in clause 7.5.1A:
· the uplink may be active in any of the bands of the E-UTRA CA configuration

· an exception to the test configuration is allowed for A2 combinations when the uplink is active in the lower band, with the modified test parameters TBD.

An example text for the exception is also shown below (not included in the Rel-11 version of the CR in [7]).
7.5.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the UE shall meet the requirements specified in subclause 7.5.1 for each component carrier while both downlink carriers are active. [For the UE that supports any of the E-UTRA CA configurations CA_12A-4A and CA_17A-4A, the test parameters in Table 7.5.1-2 may be modified (TBD) when the uplink is active in the lower E-UTRA band.]
< start example text for the exception >
For the UE that supports any of the E-UTRA CA configurations listed in NOTE 3 of Table 7.5.1A-0a, the test parameters in Table 7.5.1-2 may be modified as given in Table 7.5.1A-0a and Table 7.5.1A-0b for the applicable bandwidths when the uplink is active in the lower E-UTRA band. 
Table 7.5.1A-0a: Modification of test parameters for adjacent channel selectivity for carrier aggregation, Case 1
	RX Performance
	Units
	Channel bandwidth 

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

	Power in transmission bandwidth configuration
	dBm
	REFSENS + MHD + 14 dB

	Pinterferer
	dBm
	n/a
	n/a
	REFSENS + MHD + 45.5dB
	REFSENS + MHD + 45.5dB
	n/a
	n/a

	BWinterferer
	MHz
	n/a
	n/a
	5
	5
	n/a
	n/a

	Finterferer (offset)
	MHz
	n/a
	n/a
	5+0.0025

/

-5-0.0025
	7.5+0.0075

/

-7.5-0.0075
	n/a
	n/a

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 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 and set-up according to Annex C.3.1
NOTE 3:
The modification is allowed for the E-UTRA CA configurations CA_12A-4A and CA_17A-4A when the uplink is active in Band 12 and Band 17, respectively.
NOTE 4:
The margin for harmonic distortion MHD is specified in Table 7.3.1A-0b.  


Table 7.5.1A-0b: margin for harmonic distortion
	E-UTRA CA Configuration
	MHD [dB]

	CA_12A-4A
	TBD

	CA_17A_4A
	TBD


< end example text for the exception >
For intra-band contiguous carrier aggregation the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.5.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. The UE shall fulfil the minimum requirement specified in Table 7.5.1A-1 for an adjacent channel interferer on either side of the aggregated downlink signal at a specified frequency offset and for an interferer power up to -25 dBm. The throughput of each carrier 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-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.1.1A-1 and 7.6.1.1A-2. 

Table 7.5.1A-1: Adjacent channel selectivity

	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	B
	C
	D
	E
	F

	ACS
	dB
	
	24
	
	
	


Table 7.5.1A-2: Test parameters for Adjacent channel selectivity, Case 1

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	
	
	REFSENS + 14 dB
	
	
	

	PInterferer
	dBm
	
	Aggregated power + 22.5 dB


	
	
	

	BWInterferer 
	MHz
	
	5
	
	
	

	FInterferer (offset)


	MHz
	
	2.5 + Foffset
/

-2.5 - Foffset
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 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 and set-up according to Annex C.3.1 
NOTE 3:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and  shall be further adjusted to 
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Table 7.5.1 A-3: Test parameters for Adjacent channel selectivity, Case 2

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	
	-50.5
	
	
	

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	
	5
	
	
	

	FInterferer (offset)


	MHz
	
	2.5+ Foffset

/

-2.5- Foffset


	
	
	

	NOTE 1:
The transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5A.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1

NOTE 3:
5. The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and  shall be further adjusted to 
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7.5.1B
Minimum requirements for UL-MIMO

4 In-band blocking requirements
The in-band requirements should be specified just like the ACS proposed above, but the impact of cross-modulation is less of a concern except perhaps for Case 1. The core requirement should be applicable with the uplink active in any of the uplink band. It is also proposed that the standard interferer levels are not changed since the allowed modifications of the reference sensitivity are small if allowed at all for A1 and A3 combinations. For A2 the wanted signal level should be modified by the amount MHD (see section 3.1) measured with the transmitter at PCMAX_L – 4 dB active in the lower band. The modification should be small, for otherwise the requirement may become too relaxed since the blocker level is fixed. 
For the test specifications, it may be sufficient to verify the requirement with the uplink active in the E-UTRA band containing the downlink component carrier under test for the A2 combinations (e.g. Band 4 for CA_12A-4A), and in general for all types of configurations since cross-modulation is not the issue like for ACS. This would reduce the test time.
The changes for ACS in clause 7.5.1A:

· the uplink may be active in any of the bands of the E-UTRA CA configuration

· an exception to the test configuration is allowed for A2 combinations when the uplink is active in the lower band, with the modified test parameters TBD.
· the modification by RIB for the interfering signal is removed, the standard in-band blocker levels are maintained.
Table 7.6.1.1-2: In-band blocking

	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2
	Case 3
	Case 4

	
	 PInterferer
	 dBm
	-56
	-44
	-30
	 [-30]

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2
	-BW/2 – 15

&

-BW/2 – 9
	-BW/2 – 10

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 18, 19, 20, 21, 22, 23,

25, 26, 33, 34, 35, 36, 37, 38, 39, 40, 41
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	

	12
	FInterferer
	MHz
	(Note 2)
	FDL_low – 10

to

FDL_high + 15
	
	FDL_low – 10



	17
	FInterferer
	MHz
	(Note 2)
	FDL_low – 9

to

FDL_high + 15
	FDL_low – 15

and

FDL_low – 9


	

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 

NOTE 4:
Case 3 and Case 4 only apply to assigned UE channel bandwidth of 5 MHz 



7.6.1.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the UE shall meet the requirements specified in subclause 7.6.1.1 for each component carrier while both downlink carriers are active. [For the UE that supports any of the E-UTRA CA configurations CA_12A-4A and CA_17A-4A, the test parameters in Table 7.6.1.1-1 may be modified (TBD) when the uplink is active in the lower E-UTRA band.]
For intra-band contiguous carrier aggregation the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.6.1.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. The UE shall fulfil the minimum requirement in presence of an interfering signal specified in Tables 7.6.1.1A-1 and Tables 7.6.1.1A-2 being on either side of the aggregated signal. The throughput of each carrier 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-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.1.1A-1 and 7.6.1.1A-2. 

Table 7.6.1.1A-1: In band blocking parameters

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm


	REFSENS + CA Bandwidth Class specific value below

	
	
	
	12
	
	
	

	BWInterferer 
	MHz
	
	5
	
	
	

	FIoffset, case 1 
	MHz
	
	7.5
	
	
	

	FIoffset, case 2 
	MHz
	
	12.5
	
	
	

	NOTE 1: 
The transmitter shall be set to 4dB below PCMAX_L as defined in subclause 6.2.5A
NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 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 and set-up according to Annex C.3.1


5 Out-of band blocking requirements

For the out-of-band blocking test we likewise propose that the core requirement should be applicable with the uplink in any of the bands of the configuration. We also propose that the interferer levels should be the same as for single-band operation, that is, the standard OOBB levels. 
For the exceptions for spurious response we propose 
· that for each band of the E-UTRA CA configuration (i.e. two presently), allow the same number of exceptions are for single band operation,
similar to DB-DC-HSDPA. This means that the number of exceptions would be doubled in total for each assigned frequency channel. Moreover, 
· an exception to the test configuration is allowed for A2 combinations when the uplink is active in the lower band, with the modified test parameters TBD.

For the test specifications, the requirement may be verified with the uplink active in the E-UTRA band containing the downlink component carrier under test to avoid exceptions for the A2 combinations and reduce test time for this time-consuming test.

The changes are shown below.

7.6.2.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the UE shall meet the requirements specified in subclause 7.6.2.1 for each component carrier while both downlink carriers are active. [For the UE that supports any of the E-UTRA CA configurations CA_12A-4A and CA_17A-4A, the test parameters in Table 7.6.2.1-1 may be modified (TBD) when the uplink is active in the lower E-UTRA band.]
For Table 7.6.2.1-2 in frequency range 1, 2 and 3, up to 
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exceptions per E-UTRA band supported in the E-UTRA CA configuration are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of resource blocks in the downlink transmission bandwidth configuration (see Figure 5.6-1). For these exceptions the requirements of clause 7.7 are applicable.

For Table 7.6.2.1-2 in frequency range 4, up to 
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exceptions per E-UTRA band supported in the E-UTRA CA configuration are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
[image: image10.wmf]RB

N

 is the number of resource blocks in the downlink transmission bandwidth configurations (see Figure 5.6-1) and 
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 is the number of resource blocks allocated in the uplink. For these exceptions the requirements of clause 7.7 are applicable.
For intra-band contiguous  carrier aggreagations the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.6.2.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. 

The UE shall fulfil the minimum requirement in presence of an interfering signal specified in Tables 7.6.2.1A-1 and Tables 7.6.2.1A-2 being on either side of the aggregated signal. The throughput of each carrier 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-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.1.1A-1 and 7.6.1.1A-2. 

For Table 7.6.2.1A-2 in frequency range 1, 2 and 3, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of aggregated resource blocks in the downlink transmission bandwidth configuration. For these exceptions the requirements of subclause 7.7 Spurious response are applicable.

For Table 7.6.2.1A-2 in frequency range 4, up to 
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exceptions are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1MHz step size, where 
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 is the number of aggregated resource blocks in the downlink transmission bandwidth configurations  and 
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 is the number of resource blocks allocated in the uplink. For these exceptions the requirements of subclause 7.7 spurious response are applicable.

Table 7.6.2.1A-1: Out-of-band blocking parameters

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission 

Bandwidth Configuration
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	
	9
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1A-1, with PCMAX_L as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.


6 Narrow-band blocking requirements

For narrow-band blocking the changes are similar to those proposed for in-band blocking:

7.6.3
Narrow band blocking

This requirement is measure of a receiver's ability to receive a E-UTRA signal at its assigned channel frequency in the presence of an unwanted narrow band CW interferer at a frequency, which is less than the nominal channel spacing.

7.6.3.1
Minimum requirements

The relative 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-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.6.3.1-1

Table 7.6.3.1-1: Narrow-band blocking

	Parameter
	Unit
	Channel Bandwidth

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

	Pw
	dBm
	PREFSENS + channel-bandwidth specific value below

	
	
	22
	18
	16
	13
	14
	16

	Puw (CW)
	dBm
	-55
	-55
	-55
	-55
	-55
	-55

	Fuw (offset for

f = 15 kHz)
	MHz
	0.9075
	1.7025
	2.7075
	5.2125
	7.7025
	10.2075

	Fuw (offset for

f = 7.5 kHz)
	MHz
	
	
	
	
	
	

	NOTE 1:
The transmitter shall be set a 4 dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
Reference measurement channel is specified in Annex 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. 



7.6.3.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the UE shall meet the requirements specified in subclause 7.6.3.1 for each component carrier while both downlink carriers are active. [For the UE that supports any of the E-UTRA CA configurations CA_12A-4A and CA_17A-4A, the test parameters in Table 7.6.3.1-1 may be modified (TBD) when the uplink is active in the lower E-UTRA band.]
For intra-band contiguous  carrier aggregation the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.6.3.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. The UE shall fulfil the minimum requirement in presence of an interfering signal specified in Table 7.6.3.1A-1 being on either side of the aggregated signal. The throughput of each carrier 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-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.1.1A-1 and 7.6.1.1A-2.

Table 7.6.3.1A-1: Narrow-band blocking

	Parameter
	Unit
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	 REFSENS + CA Bandwidth Class specific value below

	
	
	
	16
	
	
	

	Puw (CW)
	dBm
	
	-55
	
	
	

	Fuw (offset for

f = 15 kHz)
	MHz
	
	- Foffset – 0.2

/

+ Foffset + 0.2
	
	
	

	Fuw (offset for
f = 7.5 kHz)
	MHz
	
	
	
	
	

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in TS 36.101 Table 7.3.1A-1, with PCMAX_L as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is specified in Annex 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:
The Finterferer (offset) is relative to the center frequency of the adjacent CC being tested and  shall be further adjusted to 
[image: image17.wmf]ë

û

0075

.

0

015

.

0

0.5

 

 

0.015

F

interferer

+

+

MHz to be offset from the sub-carrier raster.


7 The wide-band intermodulation and spurious response tests
The changes proposed for wide-band intermodulation and spurious response are same as those proposed for in-band blocking.
8 Proposal

We propose that the 

· requirements for REFSENS, ACS, in-band blocking, out-of-band blocking and narrow-band blocking for UE supporting one or multiple combinations of Class A1-A3 with one active uplink are specified as described in Sections 2, 3, 4, 5 and 6, respectively.

The proposed changes are implemented in a CR to 36.101 [7]. This would complete the test configurations for the requirements for inter-band CA with one active uplink.
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