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1. Introduction

Previously [1], we had suggested that based on very poor filter performance, the B41+B42 CA combination will suffer poor sensitivity performance for network deployments that allow simultaneous cross band Tx-Rx overlap.  Here we provide additional technical analysis details to further validate this claim.
2. Discussion

One commonly assumed B41+B42 CA architecture relies on the common triplexer to help enable bands up to 3.5GHz on a common UE antenna.  The common triplexer provides cross band isolation of 15dB.  In addition, the B41 filter provides only 20dB attenuation over B42, and the B42 filter provides 30dB attenuation over B41.  So in summary, here are the total cross band Isolation values:

B41 to B42 cross band ISO:  20 + 15 = 35dB

B42 to B41 cross band ISO:  30 + 15 = 45dB
In addition, our other key technical assumptions to compute the sensitivity include the following:


Out of band IP2 (B41):  +50 dBm


Out of band IP2 (B42):  +45 dBm


LNA Noise Figure (B41):  5.5dB (driven by severe LNA compression, discussed further below)


LNA Noise Figure (B42):  3.0 dB


Total Rx path front end loss (both bands):  6.5dB 

Transceiver noise (Tx and Rx):  -151 dBc/Hz


PA gain reduction in alternate band:  10dB below self-band


PA Rx band noise:  -130dBm/Hz

Impact of Out of band IP2, Reciprocal Mixing and Noise Figure
Out of band IP2 is a key performance parameter for this CA combination.  For a variety of technical reasons, including noise figure optimization and minimizing gain variation, the LNA designed for high and ultra-high bands (2.5 GHz and 3.5 GHz) tend to be fairly broad-band, and only roll off slightly even over such large frequency offsets.  The dominant IP2 comes from the down-converter. B42 IP2 performance is slightly worse than B41 due to differing optimizations at 3.5GHz.
It is worth noting that in the case of B42 Tx and B41 Rx (and cross band Tx/Rx overlap at the UE), the Tx Band isolation is only 35dB, and hence the Tx level hitting the B41 Rx path will be exceedingly high (up to -10.5dBm, computed as up to 24.5dBm B42 Tx input to triplexer – 15dB triplexer ISO – 20dB B41 filter attenuation over B42).  Hence the IM2 performance will have the most significant impact.  B41 IP2 assumed is 50dBm.  In addition to IM2, reciprocal mixing will play the next significant role.  It’s also worth noticing that due to the very significant gain compression experienced by the B41 LNA (due to -10.5dBm input level), its noise figure degrades to 5.5dB.  Table 1 shows the overall MSD for this CA combination assuming cross band Tx/Tx overlap at the UE for B42 Tx, B41 Rx.
Table 1:  MSD due to UE cross Tx/Rx overlap for B42 Tx and B41 Rx

	B42 PCC,B41 SCC
	
	
	

	BW Combo
	B41 CA sensitivity (dBm)
	B41 refsens (dBm)
	B41 MSD (dB)

	5+10
	-88.0
	-95.0
	7.0

	10+10
	-88.0
	-95.0
	7.0

	15+10
	-88.0
	-95.0
	7.0

	20+10
	-88.0
	-95.0
	7.0

	5+15
	-87.0
	-93.2
	6.2

	10+15
	-87.0
	-93.2
	6.2

	15+15
	-87.0
	-93.2
	6.2

	20+15
	-87.0
	-93.2
	6.2

	5+20
	-86.2
	-92.0
	5.8

	10+20
	-86.2
	-92.0
	5.8

	15+20
	-86.2
	-92.0
	5.8

	20+20
	-86.2
	-92.0
	5.8


Impact of Tx Noise
The combined effect of the PA Rx band noise and transceiver noise yield a Tx noise of ~ -128 dBm/Hz at the PA output.  While this in and of itself isn’t too bad (for instance narrow duplex low frequency LTE bands have higher noise at PA output), what is most impactful is the effect of very poor Rx band isolation with B41 is Tx and B42 is Rx, which is only 35dB.  Hence, in the case of cross band Tx/Rx overlap at UE, we expect to have Tx noise dominated degradation.  Note, as we will see, this impact is not as dominant as the IP2 effect in the opposite direction (B42 Tx, and B41 Rx), since the Tx noise effect is linear, while the IP2 effect is nonlinear.  Table 2 shows the overall MSD for this CA combination assuming cross band Tx/Tx overlap at the UE for B41 Tx, B42 Rx.
Table 2:  MSD due to UE cross Tx/Rx overlap for B41 Tx and B42 Rx

	B41 PCC, B42 SCC
	
	
	

	BW Combo
	B42 CA Sensitivity (dBm)
	B42 refsens (dBm)
	B42 MSD (dB)

	10+5
	-95.8
	-99.0
	3.2

	15+5
	-95.8
	-99.0
	3.2

	20+5
	-95.8
	-99.0
	3.2

	10+10
	-93.0
	-96.0
	3.0

	15+10
	-93.0
	-96.0
	3.0

	20+10
	-93.0
	-96.0
	3.0

	10+15
	-91.2
	-94.2
	3.0

	15+15
	-91.2
	-94.2
	3.0

	20+15
	-91.2
	-94.2
	3.0

	10+20
	-90.0
	-93.0
	3.0

	15+20
	-90.0
	-93.0
	3.0

	20+20
	-90.0
	-93.0
	3.0


Summary and TIB and RIB recommendation
Table 1 shows that B41 receive sensitivity due to B42 Tx is most impacted due to cross band Tx/Rx overlap at the UE, with the dominant effect being IP2 due to only 35dB cross band Tx ISO.  Up to 7dB MSD will be required due to Tx/Rx cross band overlap at the UE.
Table 2 shows that the effect on B42 receive due to B41 Tx is smaller, and we see that ~3dB MSD is required.  The dominant effect is Tx noise due to the same 35 dB ISO, this time as cross Rx Band ISO.
Since the assumption used here is common triplexer at the primary antenna, the additional loss for CA is just the loss of the triplexer.  The loss of the common triplexer is 1.3dB for B42, and 0.95dB for B41.   By the shared pain approach following similarity of other band combinations with Band 42, Table 3 shows our recommendation:

Table 3:  Recommended TIB and RIB
Band

TIB and RIB
42


0.8 dB

41


0.5 dB
3. Conclusion
Based on single antenna implementation analysis of B41 plus B42 CA combination for unsynchronized networks, we provided detailed estimates of sensitivity degradation to both bands in CA mode.
B42 TX, B41 RX:  Up to 7dB degradation in B41 UE sensitivity, mostly dominated by IM2 noise

B41 TX, B42 RX:  ~3dB degradation in B42 UE sensitivity, mostly dominated by Tx noise
Options to deal with this include:
1) Avoid cross band Tx/Rx overlap at UE by network synchronization, similar to B39+B41 CA combination.  This completely avoids MSD and hence provides best network coverage.  This also allows UL to be on either band.
2) Keep UE Tx (PCC) to B41 only and do DL CA.  This option avoids the more severe IP2 based degradation due to B42 Tx into the B41 Rx.  MSD is then only needed on B42 Rx chain, and hence is limited to ~3dB.
3) Keep full flexibility and accept the MSD performance degradations in both degradations (which is up to 7dB on B41 Rx chain).
Our preference is Option 1 above, which is to follow the precedent of B39+B41 and network synchronize the 2 TDD networks to avoid Tx/Rx cross overlap at the UE.  This option avoids MSD for the UE while also allowing UL on both bands.  The other options either have large MSD (Option 3), or else less severe MSD and limit UL to only one band (Option 2).
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