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Introduction
In RAN4 #80 very good progress was made on the specification of MSD for CA involving Band 46. In this contribution, following the way forward agreed in [1] we propose simplifications and improvements of the way REFSENS exception is specified for LAA CA combos.
Discussion
Handling MSD for CA combinations including Band 46 is a very challenging task. Due to the very large chunk of spectrum covered by LAA band (5150-5925MHz), most of the B46 combos are affected by harmonic coming from the license component carrier falling into 5GHz band. Moreover, the impact of several harmonic orders (from 2 to 8) needs to be taken into account. Given the huge number of combinations and harmonic orders, RAN4 decided to specify in TS 36 101 an exception for band 46 REFSENS test (when desense due harmonic coming from transmitter operating in license carrier is present). At the same time the MSD value for the specific CA combination is captured in the CA technical reports.
In RAN4 #80 there was a very good progress on this matter. A way forward was approved with major agreements on the specification of the “gap” determining the REFSENS exclusion region for the case of 2nd, 4th, 6th, 7th and 8th harmonic order (3rd harmonic case was already included in the spec). The outcome of this WF was ratified in Rel 13 and Rel 14 CRs to TS 36.101 [2][3][4]. It is worth noticing that in the approved way forward the following statement was introduced:
“More simplification (including a new table) will be considered in RAN4#80bis”
The sentence is mainly related to how specifying the Band 46 REFSENS exclusion region in a clear and simple way and at the same time take into account the different possible UL configuration for the transmitting component carrier. Currently the REFSENS exclusion region is specified through two notes in Table 7.3.1A-0eA. Below we report the note included in Release 13 specifications:
…
NOTE 5:	The requirements do not apply when there is at least one individual RE within the uplink transmission bandwidth of the lower band for which the transmitter harmonic is within the downlink transmission bandwidth of the higher band and a range FHD from lower and higher frequency of the uplink transmission bandwidth multiplied by the harmonic order. Negative FHD reduces the REFSENS exclusion range while positive FHD extends the range. The value FHD depends on the E-UTRA configuration: FHD = [30] MHz for the E-UTRA configuration which has 2nd harmonic issue. FHD = 15 MHz for the E-UTRA configuration which has 3rd harmonic issue. For band combinations including more than one licensed band with band 46, the value FHD depends on which licensed band is used for uplink transmission.
NOTE 6:   The value FHD in NOTE 5 shall be scaled as FHD *(NRB/100) according to the uplink configuration defined in Table 7.3.1A-0eB.
…
In summary:
· A gap compared to the “just missed” harmonic condition is provided for the harmonic order, the specific license component carrier is not specified.
· Different gaps for different UL configurations are taken into account by linearly scaling the gap value provided for the 100 RB configuration.
In order to improve the current description we propose to directly specify the exclusion region instead of the gap compared to the just missed condition. To achieve that we propose to update the notes in 7.3.1A-0eA and make a reference to a new table, namely 7.3.1A-0eC. It is worth noticing that this represents mainly an editorial change since the proposed exclusion region is directly derived based on the gap and linear scaling already specified, as suggested by the following formula:
Exclusion Region = {[Harmonic Order] x [NRB/100] x UL Channel Bandwidth + 2 x [GAP100] x [NRB/100]}/2
where NRB is the transmission bandwidth configuration, GAP100 represents the gap needed in case of NRB=100RBs as specified in current specification, and the center of the exclusion region is obtained by multiplying the center frequency of the UL channel by the harmonic order. 
Based on the above calculation a full table of Band 46 Exclusion region is provided below: 
Table 1. REFSENS measurement exclusion region 
	Licensed Component Carriers / E-UTRA Band / Harmonic order / Channel BW in UL

	Licensed Component Carriers
	Harmonic order
	5MHz
	10MHz
	15MHz
	20MHz

	1
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	2
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	3
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	4
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	5
	7
	+/- [10]
	+/- [20]
	
	

	7
	2
	+/- [12.5]
	+/- [25]
	+/- [37.5]
	+/- [50]

	8
	6
	+/- [10]
	+/- [20]
	
	

	11
	4
	+/- [12.5]
	+/- [25]
	
	

	[13]
	7
	+/- [10]
	+/- [20]
	
	

	19
	7
	+/- [10]
	+/- [20]
	+/- [30]
	

	21
	4
	+/- [12.5]
	+/- [25]
	+/- [37.5]
	

	[26]
	7
	+/- [10]
	+/- [20]
	+/- [30]
	

	28
	7
	+/- [10]
	+/- [20]
	+/- [30]
	+/- [40]

	28
	8
	+/- [10]
	+/- [20]
	+/- [30]
	+/- [40]

	39
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	41
	41
	+/- [12.5]
	+/- [25]
	+/- [37.5]
	+/- [50]

	66
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45



In the next section we provide detailed change to TS 36.101 specification.
Proposed change to TS 36.101
Below the proposed modification to 36.101 (the change refers to Rel 14, corresponding change will be introduced to Rel 13 specifications).
<Start of Changes>
For band combinations including operating band 46 (Table 5.5-1), the requirements are specified in Table 7.3.1A-0eA, and Table 7.3.1A-0eB and Table 7.3.1A-0eC.
Table 7.3.1A-0eA: Reference sensitivity QPSK PREFSENS
	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_1A-5A-7A-46C
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	5
	
	
	-98
	-95
	
	
	

	
	7
	
	
	
	-95
	-93.2
	-92
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-5A-46A
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	5
	
	
	-98
	-95
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-5A-46D
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	5
	
	
	-98
	-95
	
	
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-7A-46A
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	7
	
	
	
	-95
	-93.2
	-92
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-7A-46D
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	7
	
	
	
	-95
	-93.2
	-92
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-46A 
CA_1A-46D 
CA_1A-46E
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	-102.74
	-99.74
	-97.94
	-96.74
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-46C
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	-102.74
	-99.74
	-97.94
	-96.74
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-5A-46C5
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	5
	
	
	-98
	-95
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-5A-7A-46A1
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	5
	
	
	-98
	-95
	
	
	FDD

	
	7
	
	
	
	-95
	-93.2
	-92
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_1A-7A-46C1
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	7
	
	
	
	-95
	-93.2
	-92
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_2A-46A 
CA_2A-46A-46A 
CA_2A-46A-46C
CA_2A-46D
CA_2A-46A-46D
	2
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	
	
	
	-100.74
	-97.74
	-95.94
	-94.74
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_2A-46C
	2
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	
	
	
	-100.74
	-97.74
	-95.94
	-94.74
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_3A-46A 
CA_3A-46D 
CA_3A-46E
	3
	
	
	-97
	-94
	-92.2
	-91
	FDD

	
	46
	
	
	
	-93
	
	-90
	TDD

	CA_3A-46C
	3
	
	
	-97
	-94
	-92.2
	-91
	FDD

	
	46
	
	
	
	-93
	
	-90
	TDD

	CA_4A-46A 
CA_4A-46A-46A
CA_4A-46A-46C
CA_4A-46D 
CA_4A-46A-46D
	4
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_4A-46C
	4
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_5A-7A-46A
	5
	
	
	-98
	-95
	
	
	FDD

	
	7
	
	
	
	-95
	-93.2
	-92
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_5A-7A-46C1
	5
	
	
	-98
	-95
	
	
	FDD

	
	7
	
	
	
	-95
	-93.2
	-92
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_5A-7A-46D
	5
	
	
	-98
	-95
	
	
	FDD

	
	7
	
	
	
	-95
	-93.2
	-92
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_5A-46A
	5
	
	
	-98
	-95
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_5A-46C
	5
	
	
	-98
	-95
	
	
	FDD

	
	46
	
	
	-93
	
	
	-90
	TDD

	CA_5A-46D
	5
	
	
	-98
	-95
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_5A-46E
	5
	
	
	-98
	-95
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_7A-46A 
CA_7A-46C 
CA_7A-46D 
CA_7A-46E
	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	
	
	
	
	-100.74
	-97.74
	-95.94
	-94.74
	

	
	46
	
	
	
	-93
	
	-90
	TDD

	CA_8A-46A
	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_13A-46A
	13
	
	
	-97 
	-94
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_19A-46A
	19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_19A-46C
	19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_19A-46D
	19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_19A-46E
	19
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_21A-46A
	21
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_21A-46C
	21
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_21A-46D
	21
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_21A-46E
	21
	
	
	-100
	-97
	-95.2
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_26A-46A
	26
	
	-99.7
	-97.57
	-94.57
	
	
	FDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_28A-46C
	28
	
	
	-98.5
	-95.5
	-93.7
	-91
	FDD

	
	46
	
	
	
	-93
	
	-90
	TDD

	CA_40A-46A
	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	
	46
	
	
	
	
	
	-90
	TDD

	CA_41A-46A
	41
	
	
	-98
	-95
	-93.2
	-92
	TDD

	
	
	
	
	-100.74
	-97.74
	-95.94
	-94.74
	

	
	46
	
	
	
	
	
	-90
	TDD

	CA_42A-46A
	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	
	
	
	
	-100.74
	-97.74
	-95.94
	-94.74
	

	
	46
	
	
	
	
	
	-83
	TDD

	CA_46A-66A CA_46A-46A-66A
CA_46A-46C-66A 
CA_46A-46D-66A
CA_46D-66A
	46
	
	
	
	
	
	-90
	TDD

	
	66
	
	
	-99.5
	-96.5
	-94.7
	-93.5
	FDD

	CA_46C-66A
	46
	
	
	
	
	
	-90
	TDD

	
	66
	
	
	-99.5
	-96.5
	-94.7
	-93.5
	FDD

	NOTE 1:	The transmitter shall be set to PUMAX 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:	The signal power is specified per port.
NOTE 4:	Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.
NOTE 5:	The requirements do not apply when there is at least one individual RE within the uplink transmission bandwidth of the lower band for which the transmitter harmonic is within the downlink transmission bandwidth of the higher band and a range FHD from lower and higher frequency of the uplink transmission bandwidth multiplied by the harmonic order reference sensitivity exclusion region specified in Table 7.3.1A-0eC. Negative FHD reduces the REFSENS exclusion range while positive FHD extends the range. FHD = [30] MHz for the E-UTRA configuration which has 2nd harmonic issue. FHD = 15 MHz for the E-UTRA configuration which has 3rd harmonic issue. FHD = [10] MHz for the E-UTRA configuration which has 4th harmonic issue. FHD = [-20] MHz for the E-UTRA configuration which has 6th harmonic issue. FHD = [-30] MHz for the E-UTRA configuration which has 7th harmonic issue. FHD = [-40] MHz for the E-UTRA configuration which has for 8th harmonic issue. For band combinations including more than one licensed band with band 46, the value FHD depends on which licensed band is used for uplink transmission.
NOTE 6: 	The value FHD in NOTE 5 shall be scaled as FHD *(NRB/100) according to the uplink configuration defined in Table 7.3.1A-0eB.
NOTE 7:	7 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.



Table 7.3.1A-0eB: Uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	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_1A-5A-7A-46C
	1
	
	
	25
	50
	75
	100
	FDD

	
	5
	
	
	25
	25
	25
	25
	

	
	7
	
	
	25 
	50
	75
	75
	

	CA_1A-5A-46A
	1
	
	
	25
	50
	75
	100
	FDD

	
	5
	
	
	25
	25
	25
	25
	FDD

	CA_1A-5A-46D
	1
	
	
	25
	50
	75
	100
	FDD

	
	5
	
	
	25 
	25
	25
	25
	

	CA_1A-7A-46A
	1
	
	
	25
	50
	75
	100
	FDD

	
	7
	
	
	25
	25
	25
	25
	FDD

	CA_1A-7A-46D
	1
	
	
	25
	50
	75
	100
	FDD

	
	7
	
	
	25 
	50
	75
	75
	

	CA_1A-46A 
CA_1A-46D 
CA_1A-46E
	1
	
	
	25 
	50 
	75 
	100 
	FDD

	CA_1A-46C
	1
	
	
	25 
	50 
	75 
	100 
	FDD

	CA_1A-5A-46C
	1
	
	
	25
	50
	75
	100
	FDD

	
	5
	
	
	25 
	25
	25
	25
	FDD

	CA_1A-5A-7A-46A1
	1
	
	
	25
	50
	75
	100
	FDD

	
	5
	
	
	25
	25
	25
	25
	FDD

	
	7
	
	
	25 
	50
	75
	75
	FDD

	CA_1A-7A-46C1
	1
	
	
	25
	50
	75
	100
	FDD

	
	7
	
	
	25 
	50
	75
	75
	FDD

	CA_2A-46A 
CA_2A-46A-46A
CA_2A-46A-46C
CA_2A-46D 
CA_2A-46A-46D
	2
	
	
	25
	50
	501
	501
	FDD

	CA_2A-46C
	2
	
	
	25
	50
	501
	501
	FDD

	CA_3A-46A 
CA_3A-46D 
CA_3A-46E
	3
	
	
	25 
	50 
	501
	501
	FDD

	CA_3A-46C
	3
	
	
	25 
	50 
	501
	501
	FDD

	CA_4A-46A 
CA_4A-46A-46A
CA_4A-46A-46C
CA_4A-46A-46D
CA_4A-46D
	4
	
	
	25 
	50 
	75 
	100 
	FDD

	CA_4A-46C
	4
	
	
	25 
	50 
	75 
	100 
	FDD

	CA_5A-7A-46C1
	5
	
	
	25
	25
	25
	25
	FDD

	
	7
	
	
	25 
	50
	75
	75
	FDD

	CA_5A-7A-46D
	5
	
	
	25
	25
	25
	25
	FDD

	
	7
	
	
	25 
	50
	75
	75
	

	CA_5A-46A
	5
	
	
	25 
	251
	
	
	FDD

	CA_5A-46C
	5
	
	
	25 
	251 
	251
	251
	FDD

	CA_5A-46D
	5
	
	
	25
	251
	251
	251
	FDD

	CA_5A-46E
	5
	
	
	25 
	251
	251
	251
	FDD

	CA_5A-7A-46A
	5
	
	
	25
	25
	25
	25
	FDD

	
	7
	
	
	25 
	50
	75
	75
	FDD

	CA_7A-46A 
CA_7A-46D 
CA_7A-46E
	7
	
	
	25 
	50 
	75
	751
	FDD

	CA_8A-46A
	8
	6 
	15
	25 
	251
	
	
	

	CA_13A-46A
	13
	
	
	25
	50
	
	
	FDD

	CA_19A-46A
	19
	
	
	25 
	251
	251
	
	FDD

	CA_19A-46C
	19
	
	
	25 
	251 
	251
	
	FDD

	CA_19A-46D
	19
	
	
	25 
	251
	251
	
	FDD

	CA_19A-46E
	19
	
	
	25 
	25 1
	251
	
	FDD

	CA_21A-46A
	21
	
	
	25 
	251 
	251
	
	FDD

	CA_21A-46C
	21
	
	
	25 
	251 
	251
	
	FDD

	CA_21A-46D
	21
	
	
	25 
	251 
	251
	
	FDD

	CA_21A-46E
	21
	
	
	25 
	25 1
	251
	
	FDD

	CA_26A-46A
	26
	
	
	25 
	25
	
	
	FDD

	CA_40A-46A
	40
	
	
	25
	50 
	75 
	100 
	TDD

	CA_41A-46A
	41
	
	
	25
	50 
	75 
	100 
	TDD

	CA_42A-46A
	42
	
	
	25
	50 
	75 
	100 
	TDD

	CA_46A-66A 
CA_46A-46A-66A
CA_46A-46C-66A 
CA_46A-46D-66A 
CA_46D-66A
	66
	
	
	25 
	50 
	75 
	100 
	FDD

	CA_46C-66A
	66
	
	
	25 
	50 
	75 
	100 
	FDD

	NOTE 1:	refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).



Table 7.3.1A-0eC specifies the Band 46 reference measurement exclusion region for different licensed component carriers and channel bandwidth. The UL configurations to be adopted for the test are specified in Table 7.3.1A-0eB. 
Table 7.3.1A-0eC: Band 46 Reference sensitivity measurement exclusion region in MHz.
	Licensed Component Carriers / E-UTRA Band / Harmonic order / Channel BW in UL

	Licensed Component Carriers
	Harmonic order
	5MHz
	10MHz
	15MHz
	20MHz

	1
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	2
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	3
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	4
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	5
	7
	+/- [10]
	+/- [20]
	
	

	71
	2
	+/- [12.5]
	+/- [25]
	+/- [37.5]
	+/- [50]

	8
	6
	+/- [10]
	+/- [20]
	
	

	11
	4
	+/- [12.5]
	+/- [25]
	
	

	[13]
	7
	+/- [10]
	+/- [20]
	
	

	19
	7
	+/- [10]
	+/- [20]
	+/- [30]
	

	21
	4
	+/- [12.5]
	+/- [25]
	+/- [37.5]
	

	[26]
	7
	+/- [10]
	+/- [20]
	+/- [30]
	

	28
	7
	+/- [10]
	+/- [20]
	+/- [30]
	+/- [40]

	28
	8
	+/- [10]
	+/- [20]
	+/- [30]
	+/- [40]

	39
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	41
	41
	+/- [12.5]
	+/- [25]
	+/- [37.5]
	+/- [50]

	66
	3
	+/- 11.25
	+/- 22.5
	+/- 33.75
	+/- 45

	NOTE 1:   Even though UL harmonic does not fall directly into Band 46 the exclusion region still applies.
NOTE 2:   The center of the exclusion region is obtained by multiplying the UL channel center frequency by the harmonic order.




<End of Changes>
CRs implementing the proposed changes to TS 36.101 specification are provided in [5][6].
Conclusions
Following the WF on MSD for Band 46 agreed in RAN4 #80 [1], in this contribution we proposed a simplification and improvement on the way TS 36.101 handles the Band 46 REFSENS exemption due to harmonic coming from license carriers. Based on the proposed changes, we make the following proposal:
Proposal 1: to implement the changes to TS 36 101 proposed in section 2.1.   
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