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Summary

This contribution discusses the REFSENS requirement for intra-band non-contiguous CA in Band 5, and proposes uplink configuration for REFSENS.
1
Introduction
A WID of LTE-A CA of intra-band non-contiguous in Band 5 was approved in the RAN #68[1]. The objectives of this new WID are as following.

· Specify RF requirements for the intra-band non-contiguous band combination: B5
· Specify requirements to support single UL and two DL with bandwidth combinations:
	CA operating / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_5A-5A
	5
	
	
	Yes
	Yes
	
	

	
	5
	
	
	Yes
	Yes
	
	


· Add conformance testing in RAN5 specifications (to follow at a later stage).

This contribution discusses the REFSENS requirement for intra-band non-contiguous CA in Band 5, and proposes uplink configuration for REFSENS.
2
Simulation and discussion
The simulation results in this section was submitted to the last RAN4 meeting [3].

The following figure shows the Band 5 spectrum.
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Figure 2-1: Band 5 spectrum

Non-contiguous CA_5B is a 2DL/1UL CA. Each CC can be of 5 MHz or 10 MHz, so there are four DL combinations, 5+5, 5+10, 10+5, and 10+10 MHz. Following 36.101 specification [2] on REFSENS, DL SCC is placed closer to UL spectrum compared to DL PCC. Since the duplex gap is only 20 MHz, the REFSENS of DL SCC will be degraded. Simulations are conducted to find out the interference from UL PCC on DL SCC.
Simulation assumptions in this study are listed below.

· Counter IM3 rejection: 60 dBc
· Carrier leakage rejection: 25 dBc
· I/Q imbalance (Image suppression): 25 dBc
· Duplexer attenuation: 50 dB
· Noise floor: -130 dBm/Hz at the PA output
· PA operating point: UTRA_ACLR1, UTRA_ACLR2, and E-UTRA_ACLR satisfied at full output power (22dBm at antenna port) for full RB allocations with 20MHz bandwidth using QPSK. Post-PA loss of 4 dB is assumed.
· As the default configuration, the UL resource blocks are located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth.
The Following table shows the simulation results of Band 5 UL TX (5 MHz PCC) leakage on Band 5 DL RX (5 MHz SCC and 5 MHz PCC), which covers the case of CA 5+5 MHz.
Table 2-1: Band 5 UL TX interference on Band 5 DL RX (5+5 MHz)
	PCC 5MHz TX

844-849MHz
	SCC 5MHz RX

869-874MHz

(Gap 15MHz)
	SCC 5MHz RX

874-879MHz

(Gap 10MHz)
	SCC 5MHz RX

879-884MHz

(Gap 5MHz)
	SCC 5MHz RX

884-889MHz

(Gap 0MHz)
	PCC 5MHz RX

889-894MHz

	RB
	Interference in dBm
	Interference in dBm
	Interference in dBm
	Interference in dBm
	Interference in dBm

	25
	-106.2
	-107.2
	-108.2
	-109.1
	-109.9

	24
	-106.4
	-107.3
	-108.3
	-109.2
	-109.9

	20
	-106.5
	-107.7
	-108.7
	-109.6
	-110.4

	18
	-106.8
	-108.0
	-109.2
	-110.2
	-110.9

	16
	-107.1
	-108.4
	-109.6
	-110.6
	-111.4

	15
	-107.2
	-108.6
	-109.8
	-110.8
	-111.6

	12
	-108.1
	-109.5
	-110.8
	-111.7
	-112.3

	10
	-108.7
	-110.2
	-111.3
	-112.1
	-112.6

	9
	-108.7
	-110.4
	-111.6
	-112.4
	-112.8

	8
	-109.2
	-111.0
	-112.0
	-112.6
	-112.9

	6
	-110.0
	-111.6
	-112.5
	-112.9
	-113.1

	5
	-110.2
	-111.8
	-112.6
	-112.9
	-113.1

	4
	-110.7
	-112.2
	-112.8
	-113.1
	-113.2

	3
	-111.0
	-112.4
	-112.9
	-113.1
	-113.2

	2
	-111.3
	-112.6
	-112.9
	-113.1
	-113.3

	1
	-111.4
	-112.6
	-112.9
	-113.1
	-113.3


The Following table shows the simulation results of Band 5 UL TX (10 MHz PCC) leakage on Band 5 DL RX (5 MHz SCC and 10 MHz PCC) , which covers the case of CA 10+5 MHz.

Table 2-2: Band 5 UL TX interference on Band 5 DL RX (10+5 MHz)

	PCC 10MHz TX

839-849MHz
	SCC 5MHz RX

869-874MHz

(Gap 10MHz)
	SCC 5MHz RX

874-879MHz

(Gap 5MHz)
	SCC 5MHz RX

879-884MHz

(Gap 0MHz)
	PCC 10MHz RX

884-894MHz
	5MHz RX

889-894MHz

(reference)

	RB
	Interference in dBm
	Interference in dBm
	Interference in dBm
	Interference in dBm
	Interference in dBm

	25
	-105.5
	-106.7
	-107.7
	-105.8
	-109.2

	24
	-105.9
	-106.9
	-107.7
	-105.8
	-109.2

	20
	-106.1
	-107.1
	-107.9
	-106.2
	-109.6

	18
	-106.2
	-107.3
	-108.1
	-106.5
	-109.9

	16
	-106.4
	-107.3
	-108.4
	-106.6
	-110.0

	15
	-106.3
	-107.3
	-108.2
	-106.6
	-110.2

	12
	-106.3
	-107.5
	-108.6
	-107.0
	-110.5

	10
	-106.3
	-107.5
	-108.4
	-107.1
	-110.7

	9
	-106.3
	-107.5
	-108.4
	-107.1
	-110.7

	8
	-106.0
	-107.1
	-108.4
	-107.2
	-110.9

	6
	-105.7
	-106.9
	-108.3
	-107.3
	-111.0

	5
	-105.6
	-106.5
	-108.1
	-107.2
	-110.9

	4
	-105.5
	-106.6
	-107.9
	-107.2
	-111.0

	3
	-105.6
	-106.7
	-108.0
	-107.3
	-111.2

	2
	-105.6
	-106.5
	-107.9
	-107.3
	-111.2

	1
	-105.4
	-106.2
	-107.5
	-107.2
	-111.1


The Following table shows the simulation results of Band 5 UL TX (5 MHz PCC) leakage on Band 5 DL RX (10 MHz SCC and 5 MHz PCC) , which covers the case of CA 5+10 MHz.
Table 2-3: Band 5 UL TX interference on Band 5 DL RX (5+10 MHz)
	PCC 5 MHz TX

844-849MHz
	SCC 10MHz RX 869-879MHz

(Gap 10MHz)
	SCC 10MHz RX 874-884MHz

(Gap 5MHz)
	SCC 10MHz RX 879-889MHz

(Gap 0MHz)
	PCC 5MHz RX 889-894 MHz

	RB
	Interference in dBm
	Interference in dBm
	Interference in dBm
	Interference in dBm

	25
	-103.7
	-104.7
	-105.7
	-109.9

	24
	-103.8
	-104.7
	-105.7
	-109.9

	20
	-104.1
	-105.2
	-106.2
	-110.4

	18
	-104.3
	-105.6
	-106.6
	-110.9

	16
	-104.7
	-106.0
	-107.1
	-111.4

	15
	-104.8
	-106.1
	-107.3
	-111.6

	12
	-105.8
	-107.1
	-108.2
	-112.3

	10
	-106.4
	-107.7
	-108.7
	-112.6

	9
	-106.5
	-108.0
	-109.0
	-112.8

	8
	-107.0
	-108.4
	-109.3
	-112.9

	6
	-107.7
	-109.0
	-109.7
	-113.1

	5
	-108.0
	-109.2
	-109.8
	-113.1

	4
	-108.4
	-109.5
	-109.9
	-113.2

	3
	-108.7
	-109.6
	-110.0
	-113.2

	2
	-108.9
	-109.7
	-110.0
	-113.3

	1
	-109.0
	-109.7
	-110.0
	-113.3


The Following table shows the simulation results of Band 5 UL TX (10 MHz PCC) leakage on Band 5 DL RX (10 MHz SCC and 10 MHz PCC) , which covers the case of CA 10+10 MHz.

Table 2-4: Band 5 UL TX interference on Band 5 DL RX (10+10 MHz)

	PCC 10 MHz TX

839-849MHz
	SCC 10MHz RX 869-879MHz

(Gap 5MHz)
	SCC 10MHz RX 874-884MHz

(Gap 0MHz)
	PCC 10MHz RX 884-894 MHz

	RB
	Interference in dBm
	Interference in dBm
	Interference in dBm

	25
	-103.1
	-104.2
	-105.8

	24
	-103.4
	-104.3
	-105.8

	20
	-103.6
	-104.5
	-106.2

	18
	-103.7
	-104.7
	-106.5

	16
	-103.8
	-104.8
	-106.6

	15
	-103.8
	-104.7
	-106.6

	12
	-103.9
	-105.0
	-107.0

	10
	-103.8
	-104.9
	-107.1

	9
	-103.7
	-104.7
	-107.1

	8
	-103.5
	-104.7
	-107.2

	6
	-103.2
	-104.5
	-107.3

	5
	-103.0
	-104.2
	-107.2

	4
	-103.1
	-104.2
	-107.2

	3
	-103.1
	-104.3
	-107.3

	2
	-103.0
	-104.1
	-107.3

	1
	-102.8
	-103.8
	-107.2


DL SCC is closer to UL PCC than DL PCC to UL PCC. The above simulation results confirm that the interference from UL PCC to DL SCC is higher than the inference from UL PCC to DL PCC. It is anticipated that DL SCC REFSENS will be degraded..
The following figure shows Band 2 spectrum. The duplex gap in Band 5 is the same as that in Band 2, which is 20 MHz. Following 36.101 specification [2] on REFSENS, DL SCC is placed closer to UL spectrum compared to DL PCC to UL spectrum. So, for both Band 5 and Band 2, the lowest DL SCC is 20 MHz away from UL spectrum.
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Figure 2-2: Band 2 spectrum

TR 36.101 (Table 7.3.1A-3) has defined uplink configuration for intra-band non-contiguous CA_2, which is copied in the following table.
Table 2-5: Intra-band non-contiguous CA_2 with one uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_2A-2A
	25RB+25RB 
	30.0 < Wgap ≤ 50.0 
	121
	5.3
	FDD

	
	
	0.0 < Wgap ≤ 30.0 
	251
	0
	

	
	25RB+50RB 
	25.0 < Wgap ≤ 45.0 
	121
	4.4
	

	
	
	0.0 < Wgap ≤ 25.0 
	251
	0
	

	
	25RB+75RB 
	20.0 < Wgap ≤ 40.0 
	121
	4.2
	

	
	
	0.0 < Wgap ≤ 20.0 
	251
	0
	

	
	25RB+100RB 
	15.0 < Wgap ≤ 35.0 
	121
	3.8
	

	
	
	0.0 < Wgap ≤ 15.0 
	251
	0
	

	
	50RB+25RB 
	15.0 < Wgap ≤ 45.0 
	121
	5.9
	

	
	
	0.0 < Wgap ≤ 15.0 
	321
	0
	

	
	50RB+50RB 
	10.0 < Wgap ≤ 40.0 
	121
	4.6
	

	
	
	0.0 < Wgap ≤ 10.0 
	321
	0
	

	
	50RB+75RB 
	5.0 < Wgap ≤ 35.0 
	121
	4.1
	

	
	
	0.0 < Wgap ≤ 5.0 
	321
	0
	

	
	50RB+100RB 
	0.0 < Wgap ≤ 30.0 
	121
	4.0
	

	
	75RB+25RB 
	10.0 < Wgap ≤ 40.0 
	1212
	6.7
	

	
	
	0.0 < Wgap ≤ 10.0 
	361
	0
	

	
	75RB+50RB 
	5.0 < Wgap ≤ 35.0 
	1212
	5.4
	

	
	
	0.0 < Wgap ≤ 5.0 
	361
	0
	

	
	75RB+75RB 
	0.0 < Wgap  ≤ 30.0 
	1212
	4.6
	

	
	75RB+100RB 
	0.0 < Wgap ≤ 25.0 
	1212
	4.2
	

	
	100RB+25RB 
	0.0 < Wgap ≤ 35.0 
	1613
	7.2
	

	
	100RB+50RB 
	0.0 < Wgap ≤ 30.0 
	1613
	5.8
	

	
	100RB+75RB 
	0.0 < Wgap ≤ 25.0 
	1613
	5.0
	

	
	100RB+100RB 
	0.0 < Wgap ≤ 20.0 
	1613
	4.6
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.


Given the similarity of Band 5 and Band 2 duplex gap, we can leverage what have been defined for Band 2 and apply those to Band 5 with different Wgap value. Following table is the proposal for Band 5.

Table 2-6: Intra-band non-contiguous CA_5 with one uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_5B-5B
	25RB+25RB 
	0.0 < Wgap ≤ 15.0
	121
	5.3
	FDD

	
	25RB+50RB
	0.0 < Wgap ≤ 10.0
	121
	4.4
	

	
	50RB+25RB 
	0.0 < Wgap ≤ 10.0
	121
	5.9
	

	
	50RB+50RB
	0.0 < Wgap ≤ 5.0
	121
	4.6
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.


3
Conclusion

This contribution discusses the REFSENS requirement for intra-band non-contiguous CA in Band 5, and proposes to accept the uplink configuration for intra-band non-contiguous CA_5 REFSENS, which is shown in Table 2-6.

It is noted that in TS36.101, Case (b) in the following figure is chosen to specify the UL configuration for intra-band non-contiguous CA REFSENS. However, practically Case (a) in the following figure is chosen in real deployment scenario to limit the UL interference to its DL SCC. No additional RFSENS requirement is needed for Case (a).
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Figure 3-1: PCC and SCC arrangements for 2DL and 1 UL intra-band non-contiguous CA
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