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1. Introduction

In several RAN4 meetings, the reference sensitivity for CA_1-3 has been intensively discussed. The discussion, however, is still under discussion. In this contribution, taking into account the frequency separation between the upper edge of channel bandwidth for Band 3 and the lower edge of channel bandwidth for Band 1, we discuss uplink configuration for Band 1 which will not to cause reference sensitivity degradation in Band 3. Finally, we propose to reflect two cases as reference sensitivity into TS 36.101. One is for the frequency separation ≥ 60 MHz. The other is for the frequency separation ≥ 40 MHz and < 60 MHz.
2. Discussion

2.1. Frequency separation ≥ 60 MHz
As illustrated in Figure 2.1-1, implementation difficulty not to cause reference sensitivity degradation in Band 3 is likely to be dependent on the frequency separation between the lower edge of the channel bandwidth for Band 1 and the upper edge of the channel bandwidth for Band 3. 
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Figure 2.1-1:  Frequency separation

In the last RAN4#71 meeting, assuming the frequency separation of 65 MHz as illustrated in Figure 2.1-2, no reference sensitivity degradation for channel bandwidth of 5 MHz for Band 3 and channel bandwidth of 20 MHz for Band 1 with the uplink configuration of up to 25RB was proposed [1].  Note that the combination of channel bandwidths was selected since it is considered to be the most challenging combination among the possible 16 combinations. Our understanding is, however, different from the proposal in [1] and we commented that the 60 MHz frequency separation with the uplink configuration of up to 50 RB is one of the reasonable selections in the meeting. In the following, we aim to provide its justification by evaluating the currently specified requirements for LTE Band 2 and CA_3-3. 
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Figure 2.1-2:  Frequency separation proposed in [1]

2.1.1. Comparison with CA_1-3 and LTE Band 2
Our understanding is that LTE band 2 would be a suitable example to refer to the impact of the frequency separation on the reference sensitivity as summarized in Table 2.1.1-1 since the frequency separation becomes 60 MHz when assuming a channel bandwidth of 20 MHz. In addition, its absolute frequency is quite close to those for Band 1 UL and Band 3 DL.
Table 2.1.1-1: Frequency separation for Band 2 

	Operating bands
	Frequency separation

(MHz)
	channel bandwidth
(MHz)
	Uplink configuration
(RB)
	REFSENS
(dBm)

	2
	60
	20
	50
	-92

	(Ref)3
	75
	20
	50
	-91


From the above Table 2.1.1-1, it can be seen that with the 60 MHz frequency separation, Band 2 for the 20 MHz channel bandwidth does not have reference sensitivity degradation in terms of the currently captured requirement in TS 36.101. Note that the reference sensitivity for Band 2 is more stringent than that for Band 3 by one dB.  Therefore, there would be a possibility that the uplink configuration of 50 RB for CA_1-3 can be maintained even for the case that the channel bandwidth of Band 3 is smaller than 20 MHz. It should be also noted that terminals supporting LTE Band 2 is commercially available. Thus, the above discussion would be quite realistic one in terms of feasibility. 
· Observation 1: At least the case illustrated in Figure 2.1.1-1 would be feasible for CA_1-3 without causing reference sensitivity degradation. 
· Note that one dB margin would be able to be considered when we assume other combinations such as 5 MHz of channel bandwidth for Band 3 and 20 MHz channel bandwidth for Band 1.
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Figure 2.1.1-1:  Frequency separation and uplink configuration expected from Band 2 requirements

2.1.2. Comparison with CA_1-3 and CA_3-3
There is another similar and appropriate requirement in CA_3-3 in TS 36.101 to be taken into account when discussing the CA_1-3 requirement.  The below Table 2.1.2-1 is excerpted from Table 7.3.1A-3 in TS 36.101, which includes a part of requirements for CA_3-3. 
Table 2.1.2-1: Intra-band non-contiguous CA uplink configuration for reference sensitivity

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

	CA_3A-3A
	100RB+25RB 
	15.0 < Wgap ≤ 50.0 
	1611
	6.5 
	FDD

	
	
	0.0 < Wgap ≤ 15.0 
	321
	0
	

	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.

NOTE 11:
11 refers to the UL resource blocks shall be located at RBstart=50. 


From Table 2.1.2-1, it can be seen that with the 55 MHz frequency separation, SCC of 5 MHz channel bandwidth for Band 3 does not have reference sensitivity degradation as far as the uplink configuration is up to 32 RB for PCC of 20 MHz channel bandwidth. Thus, it would be natural that if the frequency separation is 60 MHz, the uplink configuration which does not cause the degradation can be more than 32 RB.  The situation is illustrated in Figure 2.1.2-1.
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Figure 2.1.2-1:  Frequency separation and uplink configuration expected from CA_3-3 requirements

· Observation 2: At least the case illustrated in Figure 2.1.2-1 would be feasible for CA_1-3 without causing reference sensitivity degradation. 
· Note that if the frequency separation is not 55 but 60 MHz, the uplink configuration for Band 1 can be more than 32 RB thanks to additional 5 MHz frequency separation.
2.1.3. Uplink configuration with 60MHz frequency separation
From the Observation 2, the uplink configuration for Band 1 which does not cause reference sensitivity degradation should be at least 32 RB with the 55 MHz frequency separation. From the Observation 1, the reference sensitivity of Band 2 is one dB tighter than that of Band 3 for 20 MHz channel bandwidth. These two factors may be able to provide a margin for CA_1-3 to satisfy the reference sensitivity of channel bandwidth of 5 MHz for Band 3 with the 60 MHz frequency separation and its uplink configuration of 50 RB for channel bandwidth of 20 MHz for Band 1. 
In [2], there is some data on how much reference sensitivity of Band 3 for channel bandwidth of 5 MHz is more sensitive than that for 20 MHz. The below Table 2.4-1 summarizes this aspect.

Table 2.1.3-1: B3 Rx degradation for channel bandwidth of 5 and 20 MHz for Band 3
	B3 Rx degradation [dB] 

	CA_1A-3A
	20MHz B1 Tx allocation size of 50 [RB]

	
	20 MHz DL for B3
	5 MHz DL for B3
	difference

	Tx-Rx isolation 
[dB]
	40
	12.8
	15.4
	2.6

	
	45
	2.6
	3.5
	0.9

	
	50
	0.9
	1.3
	0.4

	
	55
	0.3
	0.4
	0.1


Note that this simulation was conducted under the condition that the frequency separation is 40 MHz.
From the above Table 2.1.3-1, it can be seen that if the Tx-Rx isolation is more than or equal to 45 dB, the difference is less than one dB. In order to confirm whether if at least 45 dB isolation is possible or not, we check the data on quadplexer for CA_1-3 as summarized in Table 2.1.3-2. From the data, even we selected the averaged isolation from Band 1 Tx to Band 3 Rx, at least 48 dB is feasible. Note that in our understanding, the range of the data is quite wide so that Median may be more suitable to be selected in this case. If we selected Median, then, 50 dB is feasible.
Table 2.1.3-2: Quadplexer data from some companies
	
	Additional IL
	Isolation

	
	B1 Tx
	B1 Rx
	B3 Tx
	B3 Rx
	B1 Tx to B1 Rx
	B1 Tx to B3 Rx
	B3 Tx to B3 Rx
	B3 Tx to B1 Rx

	R4-143259
	1.4
	1.1
	0.7
	0.9
	No data
	40
	No data
	No data

	R4-143006
	1.9
	1.3
	No data
	No data
	No data
	50
	No data
	No data

	
	0.8
	0.9
	1.2
	1.9
	No data
	46
	No data
	No data

	
	0.3
	0.7
	0.7
	0.5
	No data
	40
	No data
	No data

	R4-143958
	0.7
	0.7
	0.5
	0.8
	60
	60
	60
	60

	
	0.5
	0.3
	0.5
	0.5
	50
	50
	50
	50

	
	0.3
	0.5
	0.2
	0.5
	52
	50
	50
	50

	
	0
	0.1
	0.2
	0.5
	52
	50
	50
	50

	R4-142947
	0.5
	0.3
	0.5
	0.5
	55
	50
	50
	50

	Average
	0.71
	0.66
	0.56
	0.76
	53.8
	48.4
	52
	52

	Median
	0.5
	0.7
	0.5
	0.5
	52
	50
	50
	50


Therefore, we believe that if the frequency separation is 60 MHz, the difference would become even smaller since it is less affected by the Tx noise from Band 1. Note that unfortunately, the simulation data do not consider phase noise. Our understanding is, however, that the impact of phase noise from Tx on sensitivity would become even smaller if the frequency separation is not 40 MHz but 60 MHz. 
· Observation 3: The impact of the size of channel bandwidth for Band 3 on its sensitivity would be less than one dB with the frequency separation is 60 MHz.
2.1.4. Summary
From the Observations 1, 2 and 3, we propose the following.
· Proposal: The following aspect shall be specified in the CA_1-3 requirement as illustrated in Figure 2.1.4-1.
· No reference sensitivity degradation with 60 MHz frequency separation between the upper edge of channel bandwidth for Band 3 and the lower edge of channel bandwidth for Band 1 if uplink configuration of Band 1 is up to 50 RB regardless of its combinations of the channel bandwidth for the two bands.
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Figure 2.1.4-1:  Proposed frequency separation and uplink configuration to be considered for development of CA_1-3 requirements
2.2. Frequency separation is ≥ 40 MHz and < 60 MHz
2.2.1. Uplink configuration for channel bandwidth of 5 MHz for B3
As shown in the Table 2.2.1-1, CA_2-2 has the requirements with the frequency separation of 40 MHz.  For every aggregated channel bandwidth where PCC is 5 MHz, no relaxation is required with the frequency separation of 40 MHz regardless of the size of channel bandwidth of SCC.  Therefore, it can be seen that no MSD is required for the case where Band 1 channel bandwidth is 5 MHz regardless of the size of Band 3 channel bandwidth.

· Observation 4: With 40 MHz frequency separation, no MSD is required for the case where Band 1 channel bandwidth is 5 MHz regardless of the size of Band 3 channel bandwidth.
Table 2.2.1-1: Intra-band non-contiguous CA uplink configuration for reference sensitivity

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

	CA_2A-2A
	25RB+25RB
	0.0 < Wgap ≤ 30.0 
	251
	0
	40

	
	25RB+50RB
	0.0 < Wgap ≤ 25.0 
	251
	0
	40

	
	25RB+75RB
	0.0 < Wgap ≤ 20.0 
	251
	0
	40

	
	25RB+100RB
	0.0 < Wgap ≤ 15.0 
	251
	0
	40

	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.


2.2.2. Uplink configuration for channel bandwidth of 10, 15 and 20 MHz for B3
To discuss this scenario, we refer to two contributions [2, 3]. The Figure 1 in [1] shows the relationship between uplink configuration for CA_3-3 and Wgap which does not cause reference sensitivity degradation.  From this Figure 1 in [3], we can calculate the number of uplink configuration not to cause reference sensitivity degradation with the frequency separation of 40 MHz. The result is summarized in Table 2.2.2-1.

Table 2.2.2-1: Intra-band non-contiguous CA uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth
(MHz) 
	Required Wgap [MHz] to obtain 40MHz frequency separation
	UL PCC allocation
	ΔRIBNC (dB)

	
	PCC
	SCC
	
	
	

	CA_3A-3A
	5
	5
	45
	251
	0

	
	
	10
	40
	251
	0

	
	
	15
	35
	251
	0

	
	
	20
	30
	251
	0

	
	10
	5
	40
	271
	0

	
	
	10
	35
	271
	0

	
	
	15
	30
	271
	0

	
	
	20
	25
	251
	0

	
	15
	5
	35
	271
	0

	
	
	10
	30
	271
	0

	
	
	15
	25
	271
	0

	
	
	20
	20
	271
	0

	
	20
	5
	30
	271
	0

	
	
	10
	25
	271
	0

	
	
	15
	20
	271
	0

	
	
	20
	15
	271
	0

	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.


From the result, it can be said that at least for uplink configuration of 25 RB for Band 1 with the frequency separation of 40 MHz, the currently specified Band 3-3 reference sensitivity requirements can be met without degradation. Note that in [3], 47 dB isolation from Band 3 Tx to Band 3 Rx is considered as minimum. In addition, from the Table 2.1.3-2, at least 48 dB isolation is feasible.
In addition, the result is quite similar to the data in [2] where the following results summarized in Table 2.2.2-2 are provided. From the data, it can be seen that the impact of B1 Tx allocation size and its channel bandwidth on desensitization is highly affected by isolation. If the isolation is more than 45 dB, the desensitization impact may be ignored from requirements point of view. Note that as mentioned earlier, the results do not take phase noise into account. Thus, the results for channel bandwidth of 10, 15 and 20 MHz may be affected by phase noise if the isolation is not sufficient. Note that the results of Table 2.2.2-1 has already consider phase noise aspects.
Table 2.2.2-2: B3 Rx desensitization for 5 MHz channel bandwidth
	B3 Rx desensitization (dB), 5 MHz DL for B3

	CA_1A-3A
	B1 Tx allocation size of 25(RB)

/

B1 channel bandwidth (MHz)

	
	5 
	10
	15
	20

	Tx-Rx isolation (dB)
	40
	6.6
	8.4
	8.4
	9.3

	
	45
	0.8
	1.4
	1.4
	1.5

	
	50
	0.1
	0.1
	0.1
	0.16

	
	55
	0
	0
	0
	0


From the Observation 4, Table 2.2.2-1 and Table 2.2.2-2, we observe the followings.

· Observation 5: With the 40 MHz frequency separation, MSD for 10, 15 and 20 MHz channel bandwidth and its uplink configuration of 25 RB for Band 1 would not be required.
2.2.3. Summary
Based on the Observations 4 and 5, we propose the following.

Proposal 2: For the frequency separation to be ≥ 40 MHz and < 60 MHz, in principle, no MSD is required under the condition that the uplink configuration of Band 1 is up to 25 RB regardless of the bandwidth combinations of Band 1 and Band 3..

2.3. How to define the requirements
We believe that accommodating the two Proposals 1 and 2 is essential to make maximum use of this CA configuration as much as possible from operators’ point of view. From the specification point of view, we aim to reuse the exiting requirements as much as possible. In this case, we reuse the Table 7.3.1A-0a and Table 7.3.1A-0b in TS36.101. Note that with respect to the 5 MHz channel bandwidth for Band 1, our understanding is this does not cause reference sensitivity degradation regardless of channel bandwidth for Band 3 and the frequency separations. Therefore, the channel bandwidth of 5 MHz for Band 1 is not reflected into Table 7.3.1A-0b.
----------------------------------------------------------Example [4] ---------------------------------------------------------------------

2.3.1. 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 all downlink component carriers active and either of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions. 

For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions to the aforementioned requirements are allowed when the uplink is active within a specified frequency range as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a and Table 7.3.1A-0b.

Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)
	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_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_4A-12A5,6
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5,6
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	CA_1A-3A7
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	3
	
	
	[-97] 
	[-94]
	[-92.2]
	[-91]
	

	CA_1A-3A8
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	3
	
	
	-97 
	-94
	-92.2
	-91
	

	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:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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NOTE 7:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.
NOTE 8:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.


Table 7.3.1A-0b: Uplink configuration (exceptions)
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	CA_1A-3A3
	1
	
	
	N/A
	[25]
	[25]
	[25]
	FDD

	CA_1A-3A4
	1
	
	
	N/A
	50
	50
	50
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.
NOTE 3:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.
NOTE 4:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.


----------------------------------------------------------Example----------------------------------------------------------------------
3. Conclusion
In this contribution, we evaluate the conditions not to cause reference sensitivity degradation of Band 3 for CA_1-3 according to the frequency separation. As a result, we obtained in total six observations and based on them we propose the followings. Accordingly, the proposalz is incorporated into the CR of [4] in the RAN4#72.

For the frequency separation is ≥ 60 MHz, 

· Proposal 1: The following aspect shall be specified in CA_1-3 requirement as illustrated in the Figure 3-1
· No reference sensitivity degradation with 60 MHz frequency separation between the upper edge of channel bandwidth for Band 3 and the lower edge of channel bandwidth for Band 1 whose uplink configuration is 50 RB regardless of its combinations of the channel bandwidth for the two bands.
[image: image10.jpg]Relationship b/w Uplink configuration and frequency separation

CA_1-3
5MHz '\ 60MHz Upmq

1805 1880 1920 1940 1980 MHz

Band 3 DL Band 1 UL





Figure 3-1:  Proposed frequency separation and uplink configuration from CA_3-3 requirements

For the frequency separation is ≥ 40 MHz and < 60 MHz, 

· Proposal 2: For the frequency separation to be ≥ 40 MHz and < 60 MHz, in principle, no MSD is required under the condition that the uplink configuration of Band 1 is up to 25 RB regardless of the bandwidth combinations of Band 1 and Band 3.
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