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1. Introduction

How to specify reference sensitivity for the B1+B3 combination is still unresolved. In this contribution, we provide an update to [1].
2. Discussion

Several contributions [1],[2],[3],[4],[5],[6] were presented in RAN4 #71 to define reference sensitivity for the B1+B3 combination.  The most challenging configuration is an uplink PCC in the lowermost portion of Band 3 transmitting while simultaneously trying to receive on a downlink SCC in the upper portion of Band 1.  The worst case edge-to-edge separation is only 40 MHz from 1920 MHz to 1880 MHz.  Due to improved quadplexer performance compared to original simulations, it has been agreed that PCC assignment in Band 3 should be possible.  However, it is also under investigation whether there may be some additional degradation incurred as a result.

2.1. Quadplexer performance

Quadplexer simulation results were presented by several companies.  These are summarized below.  Data from [5] as not included since simulation curves reported only at room temperature were provided and similarly data from [7] was not included since its data was only reported at room temperature and total insertion loss rather than additional insertion loss was provided.
	
	Additional IL
	Rx 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
	
	40
	
	

	R4-143006
	1.9
	1.3
	
	
	
	50
	
	

	R4-143006
	0.8
	0.9
	1.2
	1.9
	
	46
	
	

	R4-143006
	0.3
	0.7
	0.7
	0.5
	
	40
	
	

	R4-143958
	0.7
	0.7
	0.5
	0.8
	60
	60
	60
	60

	R4-143958
	0.5
	0.3
	0.5
	0.5
	50
	50
	50
	50

	R4-143958
	0.3
	0.5
	0.2
	0.5
	52
	50
	50
	50

	R4-143958
	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


Based on this data, we propose to then take a shared pain approach to derive Tx and Rx relaxations.  In accordance with the method described in [9] for other class A3 combinations propose the following

Proposal:  TIB/RIB
Table: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_1A-3A
	1
	0.411 → 0.4

	
	3
	0.263 → 0.3


Table: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_1A-3A
	1
	-0.014 → 0.0

	
	3
	0.0925 → 0.1


Proposal:  We propose to assume a cross-band isolation from B1 Tx to B3 Rx of 48 dB for the purpose of computing reference sensitivity.

2.2. Reference sensitivity degradation
In [8], it was requested that the worst case scenario be studied where the separation between Band 1 uplink and Band 3 downlink is only 40 MHz.  The worst case is further elaborated by defining the uplink carrier in Band 1 to be 20 MHz with the downlink carrier in Band 3 as 5 MHz.  However, there were comments from other operators regarding the desire for more comprehensive specifications which would include other channel bandwidths for downlink, as well as specifying the UL-DL gap where there is no longer degradation to reference sensitivity.

We first consider the uplink allocation restriction to minimize PA spectral regrowth, followed by a consideration of narrow and large Tx-Rx frequency separation.

2.2.1. Uplink allocation restriction

To minimize the effect of Tx spectral regrowth from the Band 1 PA corrupting the reference sensitivity measurement in Band 3 downlink, we propose to reduce the uplink allocation.  We propose to reduce the allocation size to 25 RB's to reduce the influence of PA spectral regrowth, and we propose to locate these 25 RB's on the lowest portion of the channel closest to Band 3's downlink.  Note that this contradicts the uplink configuration for Band 1 since the Tx-Rx separation for Band 1 is very large and can accommodate full allocation.  However, as indicated in [1], we propose that CA_1A-3A be included as a reference sensitivity exception where specific treatment can be accommodated by the specification.
For allocations where the gap between Tx and Rx is larger, the uplink allocation can also be increased.  For example, for a gap of 60 MHz between uplink and downlink, it is possible to support an uplink allocation of 40 RB's.

Proposal:  Uplink allocation is 25 RB with 40 MHz gap.  Uplink allocation is 40 RB with 60 MHz gap.  
2.2.2. Narrow Tx-Rx frequency separation

To compute the reference sensitivity degradation at 40 MHz gap, we follow the approach outlined in [1].  We assume a cross-band isolation of 48 dB and 25 RB uplink located at the lower edge of the Band 1 carrier as described above.  We compute a reference sensitivity degradation as shown in Table 2.2.2-1.  While we have computed reference sensitivity for four different bandwidth combinations, it remains to be agreed which of these will be included in the specification.
Proposal:  MSD

Table 2.2.2-1.  Reference sensitivity for 40 MHz UL-DL separation

	Band 1 UL channel bandwidth (MHz)
	Band 1 UL channel center frequency (MHz)
	Band 1 UL RB allocation (RB's)
	Band 3 DL channel bandwidth (MHz)
	Band 3 DL channel center frequency (MHz)
	Reference sensitivity (dBm)
	MSD (dB)

	20
	1930
	25
	5
	1877.5
	-94.0
	3.0

	10
	1925
	25
	10
	1875
	-92.4
	1.6

	15
	1927.5
	25
	15
	1872.5
	-90.5
	1.7

	20
	1930
	25
	20
	1870
	-89.2
	1.8


2.2.3. Large Tx-Rx frequency separation

As the frequency separation between Tx and Rx increases, the active noise contribution diminishes.  At a sufficiently large separation, the active noise becomes negligible compared to the thermal noise in the receiver and therefore, the reference sensitivity is now dictated by the passive loss only; that is,the additional insertion loss of the quadplexer.  To give guidance on how much Tx-Rx separation is needed, we can look at the existing NC intra-band CA specifications for bands in the same frequency range.  For CA_3A-3A, observing Table 7.3.1A-3 in 36.101, we see that no reference sensitivity degradation for active noise is specified for the case of 100+25RB when the Wgap is 12.5 MHz for an uplink allocation of 30 RB's.  A Wgap of 12.5 MHz corresponds to an uplink-downlink gap of 57.5 MHz in Band 3.  It was proposed in [1] that 65 MHz separation is needed to eliminate reference sensitivity degradation, but this analysis suggests that some tightening can be achieved.  

Upon more detailed study, we propose that 60 MHz separation can be met without reference sensitivity relaxation.  We propose that this can be satisfied with an uplink allocation of 40 RB's.  This can be met for any bandwidth combinations in Band 1 and Band 3.
2.3. Specification handling

Specification of reference sensitivity for Band 3 of CA_1A-3A, when uplink is on Band 1, must capture three elements

1. Uplink configuration is 25 RB's in Band 1, located closest to the downlink of Band 3,

2. When the edge-to-edge Tx-Rx separation is less than 60 MHz, Band 3 refsens is relaxed by 3.2 dB in the worst case
3. When the edge-to-edge Tx-Rx separation is greater than 60 MHz, Band 3 refsens is relaxed by the quadplexer insertion loss.  In this case, RIB = 0.3 for IL = 0.76 dB.
Also, based on the reported insertion losses, we propose TIB = 0.5 dB in Band 1 and TIB = 0.4 dB in Band 3.


We propose to capture these requirements as reference sensitivity exceptions, similar to harmonic exceptions.  The specific details are still be resolved including 


Should the requirement should only be specified at the worst case UL-DL separation of 40 MHz, or should there 
also be an additional requirement at a larger separation; i.e., 60 MHz, where no MSD is allowed

Should only a single UL configuration of 25 RB's be specified, or should there be a separate UL configuration of 40 
RB's at the larger offset?


How many and which bandwidth combinations should be specified?

3. Conclusion
In this contribution, we analyze the specifications for reference sensitivity for CA_1A-3A.  We provide proposals for several of the key parameters for reference sensitivity including quadplexer performance assumptions, UL configuration, channel arrangement, MSD, and Tx and Rx relaxations.
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<< Start of Text Proposal for 36.851 >>

6.3.4.1.3
∆TIB and ∆RIB values

Quadplexer simulation results were presented by several companies.  These are summarized below.

	
	Additional IL
	Rx 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
	
	40
	
	

	R4-143006
	1.9
	1.3
	
	
	
	50
	
	

	R4-143006
	0.8
	0.9
	1.2
	1.9
	
	46
	
	

	R4-143006
	0.3
	0.7
	0.7
	0.5
	
	40
	
	

	R4-143958
	0.7
	0.7
	0.5
	0.8
	60
	60
	60
	60

	R4-143958
	0.5
	0.3
	0.5
	0.5
	50
	50
	50
	50

	R4-143958
	0.3
	0.5
	0.2
	0.5
	52
	50
	50
	50

	R4-143958
	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


Based on this data, we propose to then take a shared pain approach to derive Tx and Rx relaxations.  In accordance with the method described in [R4-143574] for other class A3 combinations propose the following

Following relaxations are allowed for the UE which supports inter-band carrier aggregation of Band 1 and Band 3.

Table 6.3.4.1.3-1: IB,c 

	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB] 



	CA_1A-3A
	1
	0.4

	
	3
	0.3


Table 6.3.4.1.3-2: RIB 

	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB] 



	CA_1A-3A
	1
	0.0

	
	3
	0.1


6.3.4.1.4
Reference sensitivity
It was requested that the worst case scenario be studied where the separation between Band 1 uplink and Band 3 downlink is only 40 MHz.  The worst case is further elaborated by defining the uplink carrier in Band 1 to be 20 MHz with the downlink carrier in Band 3 as 5 MHz.  However, there were comments from other operators regarding the desire for more comprehensive specifications which would include other channel bandwidths for downlink, as well as specifying the UL-DL gap where there is no longer degradation to reference sensitivity.

We first consider the uplink allocation restriction to minimize PA spectral regrowth, followed by a consideration of narrow and large Tx-Rx frequency separation.

6.3.4.1.4.1
Uplink allocation restriction

To minimize the effect of Tx spectral regrowth from the Band 1 PA corrupting the reference sensitivity measurement in Band 3 downlink, we propose to reduce the uplink allocation.  We propose to reduce the allocation size to 25 RB's to reduce the influence of PA spectral regrowth, and we propose to locate these 25 RB's on the lowest portion of the channel closest to Band 3's downlink.  Note that this contradicts the uplink configuration for Band 1 since the Tx-Rx separation for Band 1 is very large and can accommodate full allocation.  However, we propose that CA_1A-3A be included as a reference sensitivity exception where specific treatment can be accommodated by the specification.
For allocations where the gap between Tx and Rx is larger, the uplink allocation can also be increased.  For example, for a gap of 60 MHz between uplink and downlink, it is possible to support an uplink allocation of 40 RB's.

6.3.4.1.4.2
Narrow Tx-Rx frequency separation
To compute the reference sensitivity degradation at 40 MHz gap, we follow the approach outlined in [R4-142947].  We assume a cross-band isolation of 48 dB and 25 RB uplink located at the lower edge of the Band 1 carrier as described above.  We compute a reference sensitivity degradation as shown in Table 6.3.4.1.4.2-1.  While we have computed reference sensitivity for four different bandwidth combinations, it remains to be agreed which of these will be included in the specification.

Table 6.3.4.1.4.2-1.  Reference sensitivity for 40 MHz UL-DL separation

	Band 1 UL channel bandwidth (MHz)
	Band 1 UL channel center frequency (MHz)
	Band 1 UL RB allocation (RB's)
	Band 3 DL channel bandwidth (MHz)
	Band 3 DL channel center frequency (MHz)
	Reference sensitivity (dBm)
	MSD (dB)

	20
	1930
	25
	5
	1877.5
	-94.0
	3.0

	10
	1925
	25
	10
	1875
	-92.4
	1.6

	15
	1927.5
	25
	15
	1872.5
	-90.5
	1.7

	20
	1930
	25
	20
	1870
	-89.2
	1.8


6.3.4.1.4.3
Large Tx-Rx frequency separation
As the frequency separation between Tx and Rx increases, the active noise contribution diminishes.  At a sufficiently large separation, the active noise becomes negligible compared to the thermal noise in the receiver and therefore, the reference sensitivity is now dictated by the passive loss only; that is,the additional insertion loss of the quadplexer.  To give guidance on how much Tx-Rx separation is needed, we can look at the existing NC intra-band CA specifications for bands in the same frequency range.  For CA_3A-3A, observing Table 7.3.1A-3 in 36.101, we see that no reference sensitivity degradation for active noise is specified for the case of 100+25RB when the Wgap is 12.5 MHz for an uplink allocation of 30 RB's.  A Wgap of 12.5 MHz corresponds to an uplink-downlink gap of 57.5 MHz in Band 3.  It was proposed in [R4-142947] that 65 MHz separation is needed to eliminate reference sensitivity degradation, but this analysis suggests that some tightening can be achieved.  

Upon more detailed study, we propose that 60 MHz separation can be met without reference sensitivity relaxation.  We propose that this can be satisfied with an uplink allocation of 40 RB's.  This can be met for any bandwidth combinations in Band 1 and Band 3.

<< End of Text Proposal >>
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