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1 Background
In this contribution we discuss the specification of requirements for Category B combinations with harmonics problems such as the Band 17 + Band 4 or Band 12 + Band 4 combinations.

The impact on the MOP and reference sensitivity is analyzed in detail in [1] assuming a transceiver architecture with and without a harmonic filter to suppress the 3rd harmonics falling in Band 12, respectively. Two different methods then immediately present themselves:

1. 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. assume no harmonic filter and accept that desense could happen, recognising that this may not be a common scenario [2] and that the primary downlink is not affected.
In this paper we look at the desensitization for these two options, and consider an implementation-agnostic specification as a third option:
3. allow a later maximum desensitization (order of 20 dB) that do not mandate a harmonic filter, and allow a TX degradation for the use of a harmonics filter. 
The TX degradation must be small for bands not combined, and considered on a case-by-case basis. 
2 Filter or desense?

The degradation of the reference sensitivity when the UE is configured for CA could be specified by means of a maximum sensitivity degradation regardless of filter solutions in the front end: either a RIB or an MSD (Maximum Sensitivity Degradation). The latter is displayed in Table 1 for Band 17 + Band 4. Each row refers to the uplink band with both downlinks active. When the uplink is active in Band 4 the MSD for Band 4 should be zero, whereas a large MSD may have to be accepted of the uplink is active for Band 17 without any harmonic suppression. 

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

	CA_17A-4A
	17
	
	
	
	n/a
	
	
	FDD

	
	4
	
	
	
	TBD1
	
	
	FDD

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


Using a harmonic filter, we obtain MSD = RIB = 2 dB at a 1 dB penalty of the MOP (22 dBm) for the 5 + 5 MHz case, thus verifying the result in [1]. This requires a substantial filter rejection at the harmonic frequency that mandates a harmonic filter. 
In order to make the specifications more implementation agnostic, and recognizing that significant desensitization would not be common and the primary downlink is not affected (Item 2 above), it could be reasonable to specify a larger MSD not to mandate the use of a harmonic filter. To give a numerical example: MSD would be of the order of 20 dB for the 5 + 5 MHz case with an assumed front-end rejection around 60 dB in Band 4, but without a penalty on the MOP. 
Combining these two cases, a third option for the specification presents itself:
1. specify a substantial MSD (of the order of 20 dB) to allow implementations without a harmonic filter
2. specify an allowed relaxation of the MOP to allow implementations with a harmonic filter, which may also affect other bands not combined,
which would be an implementation-agnostic specification. 
The harmonic filter may also necessitate a relaxation when the UE is tested in a fall-back mode (Rel-8/9) due to diplexer attenuation. The legacy requirements must then be amended by an additional table (or use of RIB):
Table 5: MSD for UE(s) supporting carrier aggregation [downlink in either band]
	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

	CA_17A-4A
	17
	
	
	
	TBD
	
	
	FDD

	
	4
	
	
	
	TBD
	
	
	FDD

	Note 1: 


3 Other changes to the specification

The reference sensitivity and the MOP requirements are not the only ones affected by the harmonics problem. The ACS and blocking requirements with CA active may also need modification for combinations with harmonics, see Figure 1. The Rel-8/9 ACS test is carried out with wanted signal levels larger than REFSENS + 14 dB, a modification of the wanted signal level with the MSD allowed Band 4 but with the Band 17 transmitter at Pcmax – 4 dB, hence the wanted signal level may have to be adjusted to e.g.
REFSENS + MSD [with TX at Pcmax – 4 dB] + 14 dB


[image: image1]
Figure 1: the ACS test for combinations with harmonic relation
For UE(s) supporting one UL, we propose that
· ACS for the upper band is verified with the uplink configured in the lower band when CA is active

The blocking requirements may also similar changes: the wanted signal level even lower then, equal or larger to REFSENS + 6 dB depending on the channel bandwidth for the Rel-8/9 tests.

Hence the classification of the combinations is not only relevant for discussing the impact of the insertion loss.
4 In the specification

In what follows we show how the proposed changes would look like in the specification of the REFSENS: note that the combinations and minimum requirements below are only provided as examples (the example based on an earlier Rel-10 version of the specification but the principle is the same for the Rel-11 version). Moreover, we only consider the 10+10 MHz combination. The changes for TX requirements need further study and are not included.
< start of changes >

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
	
	-99.2
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-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

	…
	
	
	
	
	
	
	

	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

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	-94
	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
	
	
	-99
	-96
	-94.2
	-93
	TDD

	42
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	43
	
	
	[-100]
	[-97]
	[-95.2]
	[-94]
	TDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 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.


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 UE(s) supporting CA_12A-4A and CA_17A-4A, the allowed Maximum Sensitivity Degradation (MSD) is specified in Table 7.3.1-1a. 
Table 7.3.1-1a: allowed MSD for UE(s) supporting inter-band CA 

	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

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

	12
	n/a
	n/a
	n/a
	n/a
	
	
	FDD

	17
	
	
	n/a
	n/a
	
	
	

	…
	
	
	
	
	
	
	

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 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.


7.3.1A

Minimum requirements (QPSK) for CA

For CA bandwidth class A 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.

For the UE that supports inter band CA the reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink component carriers active.. The UE shall meet the requirements specified in chapter 7.3.1.

For CA bandwidth class C the throughput of each component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in 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 CA reference receive sensitivity requirement must be met. The PCC allocation follows table 7.3.1-2. SCC and PCC transmission forms a contiguous allocation. 

PCC and SCC TX–RX frequency separations are as defined in Table 5.7.4-1.

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

	CA Band / Aggregated channel bandwidth / NRB / Duplex mode

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

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

	
	n/a
	n/a
	75
	55
	100
	30
	

	CA_40C
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	TDD

	
	100
	50
	75
	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 clause 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).


For UE(s) that support inter-band CA with one active uplink, Table 7.3.1A-2 specifies the allowed MSD of the sensitivity as specified in Table 7.3.1-1 for the applicable uplink band with allocations specified in Table 7.3.1-2. 
Table 7.3.1A-2: MSD for inter-band CA
	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

	CA_12A-4A
	12
	
	
	
	n/a
	
	
	FDD

	
	4
	
	
	
	TBD
	
	
	FDD

	CA_17A-4A
	17
	
	
	
	TBD
	
	
	FDD

	
	4
	
	
	
	n/a
	
	
	FDD


< end of changes  >

5 Proposal for the specification of Category B combinations
We propose to introduce the concept of MSD to specify combinations with harmonics problem for all receiver requirements. Moreover, other than the two options
1. assume that the UE always uses a harmonic filter in the front end: the desensitization would be moderate but any allowed TX degradation due to harmonic filter may influence other low bands supported by the UE,  

2. do not assume a harmonic filter and accept that desense could happen, recognising that this may not be a common scenario, and that the primary downlink is not affected.

we propose to consider a third implementation-agnostic option:

3. allow a later maximum desensitization (order of 20 dB) that do not mandate a harmonic filter, and allow a MOP degradation for the use of a harmonics filter. 
The latter MOP degradation would also be considered for bands not combined, but should be considered on a case-by-case basis and kept to a minimum not to impact legacy services. 
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