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Introduction
Initial Considerations on 700-800-900 NR CA are provided in this contribution.
Discussion
The objectives of SI [1] are as follows:
· Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous reception on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor
· The following band combinations will be considered. And the feasibility study on three band combination will start after the completion of feasibility study of all the fallback band combinations.
· CA_n8-n20-n28 with uplink configurations of CA_n8-n20, CA_n8-n28, CA_n20-n28, and the fallback modes 
· CA_n5-n8 with uplink configuration of CA_n5-n8, and the fallback modes
Note1: Spectrum restrictions should be studied to solve overlap of band n5 downlink and band n8 uplink
Note2: The current filter is used as the baseline. Further study whether or not to have new solutions.
· CA_n5-n28 (full range) with uplink configuration of CA_n5-n28.

Summary of band combinations considered in the SI
	Configuration
	Uplink configuration
	Supported operators

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom

	CA_n5-n28
	CA_n5-n28
	Spark NZ



· The following aspects need be studied
· UE architecture including n-plexing, PA
· Study feasibility of low band wideband antenna
· Performance due to impacts including inter-modulation products
· Method to manage the inter-modulation product impacts
Note: Revisit in RAN#98 whether additional aspects need to be added.

· Power class 3 (PC3) is considered in this study
· Identify potential impacts to relevant RAN4 requirements.

3GPP status
Table 1 shows the specification status of the NR CA combinations part of this SI. The only fully completed (DL and UL CA) combination is CA_n20A-n28A which is a fallback combination of CA_n8A-n20A-n28A.
Table 1 3GPP specification status
	[bookmark: _Hlk110943439]Configuration
	Uplink bands
	NR DL CA
	NR UL CA

	CA_n8-n20
	n8, n20
	Yes
	No

	CA_n8-n28
	n8, n28
	Yes
	No

	CA_n20-n28*
	n20, n28
	Yes
	Yes

	CA_n8-n20-n28
	n8, n20, n28
	No
	No

	CA_n5-n8
	n5, n8
	No
	No

	CA_n5-n28
	n5, n28
	Yes
	No

	*n28 restricted to 703-733/758-788MHz



Initial Considerations
The purpose of this study is to investigate the feasibility and solutions to enable simultaneous transmission on two UL bands and simultaneous reception on two or three bands for the band combination of 700, 800 and 900MHz spectrum for smart phone form factor. 
LB-LB band combinations have been specified in 3GPP since the dawn of LTE CA but they have not been deployed that often. Perhaps to most often mentioned reasons are related to LB antenna challenges, especially in smartphone form factor. 
The assumption in all studies should be 2RX for each of the bands.
Observation 1: The assumption in all studied is 2RX for each of the bands
RF FE architecture
On high very level, FDD band has a PA, a duplexer and a diversity receive filter in RFFE to have the baseline 1TX/2RX capability. PA’s are typically shared among bands within the same frequency range. When FDD bands are aggregated, there are multiple options how to arrange the filters, e.g. by using multiplexers (triplexers, quadplexers and so on). When transmitting simultaneously on 2 band, two PA’s are needed. There are several aspects to be accounted when searching for a feasible solution for LB-LB-(LB) UL CA not only on paper but in practice. Antenna interface configuration is also a very important factor as discussed in section 2.2.2. 
Observation 2: There are several LB-LB-(LB) CA RF FE architecture alternatives to be analyzed, whose feasibility then depends a lot on the LB antenna interface configuration 
Antenna interface configuration
We note that in the past, in most LB-LB CA cases only DL CA was specified. In that case the antenna(s) can be tuned for good UL coverage by optimizing antenna efficiency at UL frequency, at the cost of degraded antenna efficiency at DL frequency especially for the DL CA band. 
The simultaneous transmission on two UL bands makes antenna aspects even more important to investigate; In this case it would be very important to have good efficiency on both UL bands.
The number of LB antennas is also a very important factor. Traditionally, smartphones have been assumed to have 2 LB antennas, one for PRX and one for DRX. For FWA type of devices, also 3 LB antenna configuration has been assumed for at least DC_8A-20A_n28A. It is arguably easier to accommodate 3 LB capable antennas into FWA form factor than into smartphone form factor, so the feasibility of 3 antenna form factor for smartphones must be investigated.
Antenna interface configuration has an essential impact to RF FE architecture; With 2 LB antenna’s there are less options than with 3 LB antennas, however it must be remembered that 3 antennas for LB is not necessarily available in smartphone.
[bookmark: _Hlk110953572]Observation 3: The feasible number of LB antennas in smartphone must be investigated thoroughly, and special attention must be paid on feasible number of UL capable LB antennas 

Intermodulations
Intermodulation studies have been carried out for a long time in 3GPP, so in procedural level there is nothing new for LB-LB. For LB-LB the bands are relatively close to each other, so the IMD type is either IMD3 (2x-y) or IMD5 (3x-2y).
Method of managing intermodulation products could be related to overall RF FE architecture and/or to more thoroughly considered RF parameters resulting in smaller MSD.
Observation 4: Method of managing intermodulation products could be related to overall RF FE architecture and/or to more thoroughly considered RF parameters resulting in smaller MSD
CA_n8-n20-n28
[bookmark: _Hlk110948894]The frequency domain illustration of this combination is shown below. Please note that n28 is shown both as per band as well as per split-bands. Green color depicts UL, and red color depicts DL for each of the bands.



Figure 1 CA_n8-n20-n28 frequencies

For this configuration, the fallbacks need to be studied first. Here is a recap of the fallbacks and their statuses in 3GPP:
Table 2 CA_n8-n20-n28 fallback status
	Configuration
	Uplink configuration
	NR DL CA
	NR UL CA

	CA_n8A-n20A
	CA_n8A-n20A
	Yes
	No

	CA_n8A-n28A
	CA_n8A-n28A
	Yes
	No

	CA_n20A-n28A*
	CA_n20A-n28A*
	Yes
	Yes

	*n28A restricted to 703-733/758-788MHz



As seen, both DL CA and UL CA for CA_n20A-n28A are already completed in 3GPP, however the n28 frequency range is restricted to lowest 30MHz within band n28. If the entire n28 frequency range were included, then there would be an overlap between n20 DL and n28 DL.
One of the key factors impacting feasibility is the relative antenna bandwidth which is shown in table 3. In this calculation it has been assumed the entire frequency range to be covered with an antenna, which may or may not be the outcome after further studies. 
Table 3 Relative antenna BW
	Configuration
	Lowest frequency
	Highest frequency
	Relative BW

	CA_n8A-n20A
	791MHz
	960MHz
	19.3%

	CA_n8A-n28A
	703MHz
	960MHz
	30.9%

	CA_n20A-n28A*
	703MHz
	862MHz
	21.7%

	*n28A restricted to 703-733/748-778MHz



As seen from Table 2, UL CA_n8A-n20A and UL CA_n8A-n28A UL CA are not specified in 3GPP, so they must be studied. For LB-LB cases there are no harmonics, instead intermodulations are quite usual which are shown in Table 4.
Table 4 Fallback Intermodulations
	Case
	Victim
	IMD’s
	Victim
	IMD’s

	n8A-n20A
	n8
	IMD3 (2*n8 TX-n20 TX=n8 RX)
IMD5 (3*n8 TX-2*n20 TX=n8 RX)
	n20
	IMD3 (2*n20 TX-n8 TX=n20 RX)
IMD5 (3*n20 TX-2*n8 TX=n20 RX)

	n8A-n28A
	n8
	-
	n28
	-



Observation 5: CA_n8A-n20A has both IMD3 and IMD5 for both DL bands. CA_n8A-n28A has no IMD’s
CA_n5-n8
The frequency domain illustration of this combination is shown below. Green color depicts UL, and red color depicts DL for each of the bands.


Figure 2 CA_n5-n8 frequencies
This combination has overlapping n8 UL and n5 DL which certainly is a very specific case. Accounting the SI statement, that is to enable simultaneous transmission on 2 UL bands and simultaneous reception on two or three DL bands, there is no existing solution on how to handle this. Companies should suggest alternatives during the study and then the most feasible alternative should be eventually selected. While all aspects related to this combination can be studied in parallel, the solution how to address the overlap impacts to all of them. For instance, analyzing intermodulations and/or relative antenna BW would be very hypothetical at this point of time because transmitting and receiving simultaneously on 2 UL and 2 DL bands is not quite feasible due to UL/DL overlap. 
Observation 6: CA_n5-n8 has an overlap between n8 UL and n5 DL which is a very specific case. Different alternatives on how to address the overlap should be discussed during the study, recognizing it impacts to all aspects in this combination
CA_n5-n28
The frequency domain illustration of this combination is shown below. Green color depicts UL, and red color depicts DL for each of the bands.


Figure 3 CA_n5-n28 frequencies
In the SI, it was agreed to include the entire n28 band frequency range.
Relative antenna BW is shown in Table 6. In this calculation it has been assumed the entire frequency range to be covered with an antenna, which may or may not be the outcome after further studies.
Table 6 Relative antenna BW
	Configuration
	Lowest frequency
	Highest frequency
	Relative BW

	CA_n5A-n28A
	703MHz
	894MHz
	23.9%

	



Intermodulations are shown in Table 7.
Table 7 Intermodulations
	Case
	Victim
	IMD’s
	Victim
	IMD’s

	n5A-n28A
	n5
	-
	n8
	-



Observation 7: CA_n5A-n28A has no IMD’s

Conclusion
Initial considerations on 700-800-900 CA were provided with the following observations.
Observation 1: The assumption in all studied is 2RX for each of the bands
Observation 2: There are several LB-LB-(LB) CA RF FE architecture alternatives to be analyzed, whose feasibility then depends a lot on the LB antenna interface configuration 
Observation 3: The feasible number of LB antennas in smartphone must be investigated thoroughly, and special attention must be paid on feasible number of UL capable LB antennas 
Observation 4: Method of managing intermodulation products could be related to overall RF FE architecture and/or to more thoroughly considered RF parameters resulting in smaller MSD
Observation 5: CA_n8A-n20A has both IMD3 and IMD5 for both DL bands. CA_n8A-n28A has no IMD’s
Observation 6: CA_n5-n8 has an overlap between n8 UL and n5 DL which is a very specific case. Different alternatives on how to address the overlap should be discussed during the study, recognizing it impacts to all aspects in this combination
Observation 7: CA_n5A-n28A has no IMD’s

Reference
[1] [bookmark: _Hlk859252]RP-221464, “Revised WID: Study on enhancement for 700/800/900MHz band combinations for NR”, CATT 
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