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1. Introduction

The specifications for non-contiguous intra-band carrier aggregation with 1UL/2DL component carriers were agreed [1] 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 initial analysis for the CA_3A-3A reference sensitivity.

2. Discussion

For non-contiguous intra-band carrier aggregation, it was agreed that the specifications for reference sensitivity would be defined for discrete sub-block gap ranges between the PCC and SCC.  For each bandwidth configuration, the PCC uplink allocation is potentially reduced to minimize the impact of Tx spectral regrowth and possibly shifted in location to avoid baseband harmonics and counter intermodulation products.  Additionally, a reference sensitivity relaxation value RIBNC may be included to account for additional degradation due to Tx and Rx phase noise or other baseband noise terms that are not addressed by reducing and moving the uplink.  

For configuration CA_3A-3A, the duplex gap for the band which represents the minimum spacing between the upper edge of the uplink PCC channel and the lower edge of the downlink SCC channel is 20 MHz.  Considering that the bandwidths to be supported for this CA configuration include 5, 10, 15, and 20 MHz channels, the reference sensitivity will require similar treatment as was done for CA_25A-25A.  
The following bandwidth configurations exist

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

	CA_3A-3A
	25RB+25RB
	TBD < Wgap ≤ 65.0
	TBD
	TBD
	FDD

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	25RB+50RB
	TBD < Wgap ≤ 60.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	50RB+25RB
	TBD < Wgap ≤ 60.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	50RB+50RB
	TBD < Wgap ≤ 55.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	25RB+75RB
	TBD < Wgap ≤ 55.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	75RB+25RB
	TBD < Wgap ≤ 55.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	50RB+75RB
	TBD < Wgap ≤ 50.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	75RB+50RB
	TBD < Wgap ≤ 50.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	75RB+75RB
	TBD < Wgap ≤ 45.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	25RB+100RB
	TBD < Wgap ≤ 50.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	100RB+25RB
	TBD < Wgap ≤ 50.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	50RB+100RB
	TBD < Wgap ≤ 45.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	100RB+50RB
	TBD < Wgap ≤ 45.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	75RB+100RB
	TBD < Wgap ≤ 40.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	100RB+75RB
	TBD < Wgap ≤ 40.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	
	100RB+100RB
	TBD < Wgap ≤ 35.0
	TBD
	TBD
	

	
	
	0.0 < Wgap ≤ TBD
	TBD
	TBD
	

	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=TBD.


PCC uplink allocation

The uplink allocation size is determined by computing the normalized separation between Tx and Rx to ensure that the Tx spectral regrowth does not corrupt the reference sensitivity measurement.  The results for the first four channel bandwidth configurations are depicted in Figure 1.  We can see that for the largest sub-block gap sizes, the uplink allocation should be reduced to 12 RB’s.  In addition to the size restriction, there may be an adjustment needed for the location of the uplink to avoid baseband spurious and intermodulation products from landing in the Rx band.  This is referenced by Note 4 in the table shown above and is FFS.
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Figure 1.  Uplink allocation length vs. sub-block gap for reference sensitivity
Reference sensitivity relaxation
In this section, we provide a rough analysis for the widest sub-block gap representing the worst case separation between Tx and Rx.  We consider only 5 and 10 MHz channels in the following
	Parameter
	Value

	LNA noise figure
	5 dB

	Rx IIP2
	45 dBm

	Rx LO phase noise
	-141 dBc/Hz  

	Tx LO phase noise
	-141 dBc/Hz

	Duplexer Rx isolation
	46.5 dB

	Duplexer Tx isolation
	51 dB

	Primary/diversity antenna isolation
	10 dB

	Combiner algorithm
	MRC


Rx and Tx LO phase noise was estimated to be slightly better than in [2] due to the increased Tx-Rx separation of 5 MHz.  The isolation values were obtained by taking the average of two SAW-based Band 3 duplexers.
With these parameters, we estimate that for the 5 MHz SCC DL channel, the reference sensitivity will be -91 dBm compared to the specified value of -97 dBm when operating single carrier.  For the 10 MHz SCC DL channel, the reference sensitivity is estimated to be -88.1 dBm compared to the specified value of -94 dBm. 

Thus, we see a reference sensitivity degradation of approximately 6 dB for 5 and 10 MHz due to these additional noise contributors for NC intra-band CA in Band 3 with large sub-block gap.  
Note that we have only analyzed the case of 25RB+25RB and 50RB+50RB channel bandwidths.  Also, we note that the analysis may be refined in the future.  The Rx and Tx LO phase noise estimates are conservative in this analysis because other Tx signal noise sources have not been included.  Thus, the analysis may be refined in the future to more accurately reflect the noise source contributors as well as the contribution due to LO phase noise.  
3. Conclusion
A very preliminary analysis has been conducted to determine the reference sensitivity for the non-contiguous CA_3A-3A configuration.  Similar to CA_25A-25A, this configuration suffers from a very close Tx-Rx separation for large sub-block gap sizes.  Thus, careful consideration must be paid to analyzing the impact to reference sensitivity.  Furthermore, there are many channel bandwidth options available for this configuration, each of which will require study.  This contribution provides an initial look at the 5 and 10 MHz channel bandwidth options.
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