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1. Introduction

The specifications for non-contiguous intra-band carrier aggregation with 1UL/2DL component carriers have been agreed using the configuration CA_25A-25A as a template.  One of the specifications requiring additional consideration is reference sensitivity due to the potential for very small Tx-Rx separation between the PCC UL and the SCC DL.  In this contribution, we provide an analysis for the CA_3A-3A reference sensitivity.

2. Discussion

Reference sensitivity for non-contiguous intra-band carrier aggregation in Band 3 has been discussed in [1] - [4] without agreement.  As we have learned, for non-contiguous intra-band carrier aggregation with 1UL/2DL, reference sensitivity requires additional consideration for bands where the uplink from the PCC may interfere with the downlink of the SCC due to close frequency spacing.  It was agreed in [5] to minimize the influence of Tx spectral regrowth noise on SCC reference sensitivity, the PCC uplink configuration would be reduced in number of RB's in a similar manner as was done in single carrier reference sensitivity.  Furthermore, the uplink allocation may be moved away from the downlink band in the case that reducing the uplink size is insufficient or in the case that baseband harmonics or intermodulation terms degrade the SCC downlink.  Lastly, a relaxation RIBNC may be allowed to account for additional factors such as LO phase noise and other transmitter noise terms that cannot be mitigated by reducing the size or adjusting the location of the PCC uplink allocation.  Given these principles, we evaluate the condition for CA_3A-3A.
As noted in previously referenced contributions, the CA_3A-3A configuration shares similar characteristics with the already defined CA_25A-25A configuration.  Both bands operate near 2 GHz with similar passband bandwidths and duplex gaps.  The duplex gap for CA_3A-3A is 20 MHz, compared to 15 MHz for CA_25A-25A, so it can be expected that CA_3A-3A might exhibit slightly improved performance.  However, one notable difference is that CA_3A-3A includes 15 and 20 MHz bandwidth options in addition to the 5 and 10 MHz that were defined for CA_25A-25A.
The general approach taken, consistent with CA_25A-25A, is

1. Determine the uplink restriction needed to contain wideband emissions

2. Check if the uplink allocation region allows CIM3/5 terms to reach the downlink.  If so, shift the uplink away from the downlink so that these baseband terms do not reach.

3. Recalculate the uplink allocation if the location has shifted now allowing a larger allocation.
4. Iterate on 2 and 3 as needed.

5. For the given size and location, evaluate the LO phase noise, IIP2, etc. to quantify DRNCIB as needed.
Wideband emissions

We first evaluate the uplink allocation size, assuming that the PCC uplink can be placed at the upper edge of the band, as a function of the sub-block gap.  The PCC uplink size in most cases must be reduced in order to minimize the effect of PA spectral regrowth corrupting the reference sensitivity measurement on the SCC downlink carrier.  Using a normalized Tx-Rx separation method similar to that described in [6], we evaluate the PCC uplink restriction needed.

Preliminary results are shown in Figure 1.  
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Figure 1.  Uplink allocation for wideband emissions.
Narrowband emissions

The above analysis on wideband emissions provides an indication of the required uplink size reduction, however, it does not illustrate the entire picture.  Due to the small duplex offset between the PCC uplink and the SCC downlink, it is also necessary to consider spurious products which may be formed by narrowband uplink transmissions.  For a maximum uplink bandwidth of 20 MHz and a duplex gap of 20 MHz, the CIM3 products do not reach the SCC receive band, but the CIM5 can depending on the sub-block gap size and the uplink allocation location.  Considering these CIM5 terms, we propose to shift the uplink allocation away from the downlink as was agreed when CA_25A-25A was defined.  In shifting the uplink allocation away from the downlink, we also recompute the uplink allocation size since the larger separation now affords a larger allocation.
The bandwidth combinations for which a shift of the uplink configuration is required are for 15 MHz and 20 MHz PCC with large sub-block gap.  In these cases, for 15 MHz PCC we recommend RBstart = 53 and L_CRB = 15.  For 20 MHz PCC we recommend RBstart= 67 and L_CRB = 16.

Reference sensitivity relaxation

Finally, we evaluate the necessary reference sensitivity relaxation due to factors which are not successfully mitigated by reducing the size or shifting the uplink allocation.  These factors can include LO phase noise, reciprocal mixing, receiver IM2, saturation, and noise figure, and other transmitter noise terms including DAC noise.  To evaluate the impact of these terms on reference sensitivity, we conduct a standard receiver analysis assuming duplexer Rx and Tx isolation of 47 dB and 53 dB taken from two SAW Band 3 filter implementations, maximum ratio combining with 10 dB separation between primary and diversity antennas.  We assume an Rx IIP2 of 45 dBm and Tx LO phase noise varying from -139.5 to -148 dBc/Hz depending on offset.
As reported in [1], we predict the reference sensitivity degradation to be between 5.3 and 5.7 dB depending on the bandwidth, for large sub-block gaps where the noise is greatest.  At smaller sub-block gap sizes, no degradation in reference sensitivity is observed for the computed uplink allocations.

Thus, we propose the following formulation for reference sensitivity

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

	CA_3A-3A
	25RB+25RB
	27.5 < Wgap ≤ 65.0
	121
	5.5
	FDD

	
	
	0.0 < Wgap ≤ 27.5
	251
	0
	

	
	25RB+50RB
	25.0 < Wgap ≤ 60.0
	121
	5.3
	

	
	
	0.0 < Wgap ≤ 25.0
	251
	0
	

	
	25RB+75RB
	22.5 < Wgap ≤ 55.0
	121
	5.7
	

	
	
	0.0 < Wgap ≤ 22.5
	251
	0
	

	
	25RB+100RB
	20.0 < Wgap ≤ 50.0
	121
	5.5
	

	
	
	0.0 < Wgap ≤ 20.0
	251
	0
	

	
	50RB+25RB
	22.5 < Wgap ≤ 60.0
	121
	5.5
	

	
	
	0.0 < Wgap ≤ 22.5
	301
	0
	

	
	50RB+50RB
	20.0 < Wgap ≤ 55.0
	121
	5.3
	

	
	
	0.0 < Wgap ≤ 20.0
	301
	0
	

	
	50RB+75RB
	17.5 < Wgap ≤ 50.0
	121
	5.7
	

	
	
	0.0 < Wgap ≤ 17.5
	301
	0
	

	
	50RB+100RB
	15.0 < Wgap ≤ 45.0
	121
	5.5
	

	
	
	0.0 < Wgap ≤ 15.0
	301
	0
	

	
	75RB+25RB
	17.5 < Wgap ≤ 55.0
	1513
	5.5
	

	
	
	0.0 < Wgap ≤ 17.5
	301
	0
	

	
	75RB+50RB
	15.0 < Wgap ≤ 50.0
	1513
	5.3
	

	
	
	0.0 < Wgap ≤ 15.0
	301
	0
	

	
	75RB+75RB
	12.5 < Wgap ≤ 45.0
	1513
	5.7
	

	
	
	0.0 < Wgap ≤ 12.5
	301
	0
	

	
	75RB+100RB
	10.0 < Wgap ≤ 40.0
	1513
	5.5
	

	
	
	0.0 < Wgap ≤ 10.0
	301
	0
	

	
	100RB+25RB
	12.5 < Wgap ≤ 50.0
	1614
	5.5
	

	
	
	0.0 < Wgap ≤ 12.5
	301
	0
	

	
	100RB+50RB
	10.0 < Wgap ≤ 45.0
	1614
	5.3
	

	
	
	0.0 < Wgap ≤ 10.0
	301
	0
	

	
	100RB+75RB
	7.5 < Wgap ≤ 40.0
	1614
	5.7
	

	
	
	0.0 < Wgap ≤ 7.5
	301
	0
	

	
	100RB+100RB
	5.0 < Wgap ≤ 35.0
	1614
	5.5
	

	
	
	0.0 < Wgap ≤ 5.0
	301
	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 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=33.

NOTE 5:
For the TDD intra-band non-contiguous CA configurations, the minimum requirements apply only in synchronized operation between all component carriers.

NOTE 6:
All combinations of channel bandwidths defined in Table 5.6A.1-3.

NOTE 7:
All applicable sub-block gap sizes.

NOTE 8:
The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1.
NOTE 9:
For the TDD intra-band non-contiguous CA configurations, the minimum requirements apply only in synchronized operation between all component carriers.
NOTE 10:
All combinations of channel bandwidths defined in Table 5.6A.1-3.
NOTE 11:
All applicable sub-block gap sizes.
NOTE 12:
The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1.
NOTE 13:
13 refers to the UL resource blocks shall be located at RBstart=53.

NOTE 14:
14 refers to the UL resource blocks shall be located at RBstart=67.


3. Conclusion
The reference sensitivity for CA_3A-3A has been evaluated in this contribution.  Due to reduced Tx-Rx spacing between the PCC uplink carrier and the SCC downlink carrier, the uplink allocation has been proposed to be reduced accordingly to be able to maintain reference sensitivity.  For 15 and 20 MHz PCC bandwidths, the uplink configuration must be shifted away from the downlink band to avoid baseband CIM terms.  Finally, the reference sensitivity degradation has been evaluated for the cases with large sub-block gap and therefore narrow Tx-Rx separation.
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