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1.  Introduction 
The WI of B41+B42+B42 (3DL/1UL) was approved in RAN#64 [1].  In the course of discussion on CA UE architecture in RAN4#73, concerns were expressed on the performance of RF filters, especially on cross-band isolation. This contribution addresses the issue based upon data provided by filter vendors. 
Note that this paper addresses UE architecture for simultaneous Tx-Rx only.

2.  Architecture and Filter Data
In this paper, we discuss a configuration using a common triplexer which separates low, high and 3.5MHz. The configuration assumed is depicted in figure.1, based on [2].
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Figure. 1 Simultaneous Tx-Rx Architecture for B41+B42(+B42) CA
As agreed [3] and captured in TR [4], it is expected at least 15dB isolation (under ETC condition) be attained in the triplexer. Normally TDD RF chain has a band pass filter (BPF) which suppresses/blocks unwanted emission regardless of supporting CA or not. Cross-band isolation is thus the sum of attenuations of the filters in the path (i.e. triplexer and BPF). 
The following table summarizes the cross-band isolation obtained by 3 vendors.
	Item
	Vendor A
	Vendor B
	Vendor C
	Note

	Triplexer cross-band isolation between B41 and B42
	15dB
	15dB
	15dB
	

	B41 BPF attenuation at B42 (3400-3600) region
	32dBa)
	20dB
	15dB
	a): value for twin B41 BPF (100MHz pass band), choosing a pass band closer to B42

	B42 BPF attenuation at  B41(2496-2690) region
	35 – 40dB
	40dB
	25dB
[Tentative]
	B42 filters here assume 400MHz passband (3400-3800MHz).

	Cross-band isolation at 3400-3600MHz
	47dB
	35dB
	30dB
	

	Cross-band isolation at 2496-2690MHz
	50 – 55dB
	55dB
	40dB
[Tentative]
	


Note: All the values are the worst (min/max) values under ETC conditions. 
Table. 1 Filter performance data and possible cross-band isolation

3.  Possible isolation and expected impacts
Table.1 shows that the worst case cross-band isolation is 30dB at 3.4-3.6GHz, fairly lower than conventional values. This comes from a fact that the attenuation of B41 filter at other 3GPP bands is not sufficient (15 -20dB) in case of a single BPF covering the whole pass band (194MHz). Note that similar value (20dB) is reported for another FBAR filter [5]. As indicated in Vendor A column, twin filter solution for B41 BPF seems to give adequate attenuation in the region of 3.4 – 3.6GHz. (Note that in 2496 – 2690MHz region, on the contrary, it seems that sufficient cross-band isolation can be achieved.)

If we pick up BPF and triplexer from different vendors, the value could be at most 35dB (ETC) as long as a single B41 BPF is concerned. So we take 35dB isolation as a baseline of the following discussion. 
At least two possible issues can be considered relevant to that: desensitization and blocking.
3.1 
Desensitization

The lack of cross band isolation in B42 region might cause desensitization due to noise/distortion generated by B41Tx chain leaking into B42 Rx frequency. Two possibilities can be considered: 
1) The effect of spectrum regrowth caused by B41Tx can be ignored due to large inter-band separation (minimum 710MHz) ,
2) Concerning so-called wide band noise, here we assume -135dBm/Hz (in 3.4 - 3.6GHz region) at B41 PA output, which is deduced from B7 PAs. The noise goes through the triplexer + B41 BPF (35dB) and some other components to reach the input of B42 LNA. Contribution of the other components in IL is assumed to be 3dB here as a conventional value. 
Band 42 single band REFSENS is compromised by 1dB relative to Band 38 (or Band 1). This seems to come from extra insertion loss considering difficulties of RF components in very high frequency [6]. This could mean that, not only wanted signals in B42, the wide band noise could be attenuated by another 1dB, to pass the BPFs or SWs in between.
So the expected wide band noise power at B42 Rx is -174dBm/Hz (-135dBm - 35dB - 3dB - 1dB). Assuming 9dB NF with thermal noise level of -174dBm/Hz (this means noise floor = -165dBm/Hz), the desense due to the wide band noise can be 0.5dB ({(-165dBm) + (-174dBm)}/(-165dBm) = 12% increase (= 0.5dB) over the noise floor).
[Observation-1]  With a single BPF of B41, B42 REFSENS will be degraded by 0.5dB due to wide band noise leakage in case of B41+B42 CA. 

3.2 
B41 Rx Blocking by B42 Tx
The shortage of cross-band isolation in B42 region could cause “out of band” blocking type of problem. When the attenuation of B42 region at B41 filter is fairly poor, B42 Tx signal (somewhere in 3400-3600MHz) can be visible as a strong (and remote) blocker from B41 Rx of the same UE. 
Out of band blocking requirement is defined relevant to the difference in the signal levels between wanted and interferer as CW and more than 710MHz separation requires more than 95% throughput under -15dBm CW interferer (at an antenna connector) and (-99dBm + 6dB) wanted signal in 5MHz for instance. Similar to the calculation above, roughly -11dBm (28dBm - 35dB - 3dB - 1dB) B42 signal will be visible at B41 Rx LNA input as a blocker. This is fairly higher than current requirement in terms of power level then there is no wonder if problems exist. Thus we need to check to what extent the blocking of this type is harmful. So, 
[Observation-2]  With the estimated cross-band isolation of 35dB at 3.4 – 3.6GHz, there might be problems in B41 Rx due to “out of band blocking” type of jamming from B42 Tx signal. 

4.  Consideration on inter-band CA including Band 41
As pointed out in B1+B41 CA firstly, inter-band CA including Band 41 might be problematic since B41filters couldn’t always provide sufficient attenuation toward other 3GPP bands. Band 41 BPF is quite challenging because of its wide pass band and steep slope required for the protection of 2.4GHz ISM almost next to its pass band. Twin filter implementations might mitigate the pain but at the cost of some constraints in intra-band CA configuration that may cause market fragmentation. So in general, we’d better be careful to handle inter-band CA with Band 41.
Specific to B41+B42 CA, if the blocking scenario mentioned above is proved to be harmful, limiting UL to B41 is one way to escape from the situation, upon confirmation that the possible desense in B42 Rx caused by B41Tx is not serious. It sounds like acceptable as coverage is offered by B41 in this combination. Considering non-simultaneous Tx-Rx architecture/operation could be an alternative way to tackle the issues.
 [Observation-3] We should be careful about inter-band CA including Band 41 in general.

5.  Conclusion 
This paper investigates possible cross band isolation in B41+B42+B42 CA with simultaneous Tx-Rx architecture based on filter data and identifies the following (potential) problems:

1) 0.5dB desense is expected in B42 Rx due to wide band noise leakage from B41 Tx.

2) A blocking type of jamming might be a concern in B41 Rx from B42 Tx signal.
3) As a general observation, we should be careful about inter-band CA including Band 41.

Further checking of both filter performance and possible impacts are really needed to conclude the architectural choice for this CA combination. 
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