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Introduction
Analysis and proposals on CA_n5-n8 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.

WF from RAN4#104bis-e
Issue 2-1: Whether 2 antenna architecture is down selected for the requirements study
Issue 2-2: Which architecture is based for the UE RF requirement if two architectures are allowed?

GTW Agreement:
· Both 2 and 3 antenna architectures will be analysed in the study item
· It will be decided in WI phase which one of two UE architectures will be used to specify the requirements.
Issue 2-3: RF parameters for requirements analysis
· Proposals
The following parameters are needed for the feasibility study:
· n5 Tx filter attenuation at n8 Rx frequency range
· n5 Rx filter attenuation level at n8 Tx frequency range
· n8 Tx filter attenuation at n5 Rx frequency range
· n8 Rx filter attenuation level at n5 Tx frequency range
· antenna ISO
· RF front end loss
· Agreements
· Companies are encouraged to provide the RF parameters when the feasibility study is conducted.
· The parameters are not limited to above.

Issue 2-4: Whether the filter can be dedicated, based on the restricted frequency range.
· Proposals
· Option 1: Yes
· Option 2: No
· Agreements
· Both single band filter and dedicated filter can be used in the study.

Issue 2-5: Possible solutions for CA_n5-n8
· Proposals
· Option 1: n8 Tx restricted RBs
· Option 2: n8 TX power reduction
· Option 3: non-simultaneous Rx/Tx between n5 DL and n8 UL
· Option 4: restrict to n5 UL only for 1UL/2DL NR CA_n5-n8
· Agreements
· All of the solutions can be candidates at current stage. The detail solution for the corresponding RF architecture can be analyzed and discussed in future meetings.
· The above solutions are for full filters of n5/n8.

Issue 2-6: IMD for 2UL CA_n5-n8
· Proposals
· Option 1: No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
· Agreements
· No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
· MSD due to n5 DL and n8 UL overlapping is further studied in both 1UL and 2UL cases.
This does not prevent from agreeing on any solutions given in Issue 2-5.
General considerations
In our view, for this particular CA case it is very important to split the discussion according to RF filtering;
-Full band n5/n8 filters
-Dedicated RF filters for restricted frequency ranges
This is particularly important as it involves discussion on e.g. if new band(s) are specified or not. 
In our view the RF requirements should be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case.
Proposal 1: The RF requirements shall be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case
One of the key aspects in LB-LB CA feasibility in smartphone form factor is antenna efficiency which in other terms translates to TRP/TRS. To make the most of feasibility study, each RF reference architecture included in the TR should have a brief evaluation of expected antenna characteristics.
Proposal 2: Each RF reference architecture included in the TR must have a brief evaluation of expected antenna characteristics
Analysis
CA_n5-n8 with full band RF filters
The frequency domain illustration of this combination is shown below. Green color depicts UL, and red color depicts DL for each of the bands.
[image: ]
Figure 1 CA_n5-n8 frequencies

In RAN4#104-e, the following agreements were done to address the overlap between bands:
· UE should support the full range of spectrum for single band operations on both n5 and n8
· Use the following frequency ranges for further discussion for spectrum restriction to support uplink CA_n5-n8.
Table 1 Frequency restriction ranges for n5-n8
	
	UL
	DL

	Frequency 1 (800MHz)
	824MHz - 835MHz
	869MHz - 880MHz

	Frequency 2 (900MHz)
	904MHz - 915MHz
	949MHz - 960MHz



With full band RF filters, even when there is no overlap between the UL and DL spectrum, there are aspects that significantly impact the RF performance.
-n8 PA/Transceiver RX band noise is not attenuated by n8 Duplexer
-n8 TX leakage is not attenuated enough by n5 Duplexer/RX filter
Either of these two would prevent the usage of concurrent reception within 869...880 DL and 904…915 UL. The latter issue (n8 TX leakage) could probably be addressed by as there is 10MHz gap between the upper edge of n5 RX and 904MHz. The former cannot be addressed by RF filter design as there is 0MHz gap between n8 TX lower edge and 880MHz. Usually, the duplexer TX filter attenuates the RX band noise and PRX/DRX filter attenuate TX leakage by 40dB or so. When the filters can’t provide any attenuation, the only way would be to increase the antenna isolation respectively, i.e. to go from 10dB (40dB filter attenuation) to 50dB (0dB filter attenuation) which is not feasible. 
Observation 1: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL
Proposal 3: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL
An alternative to concurrent reception within 869...880 DL and 904…915 UL could be to use scheduling restrictions, i.e. not to schedule concurrent reception within 869...880 DL and transmission within 904…915 UL. RF FE would not be the bottleneck, however both the UL and DL throughput would be degraded making the benefit of DL/UL CA very questionable as shown in the exemplary figure below.
[image: ]
Figure 2 Example illustration of TDM for n5 DL-n8 UL

Observation 2: RF FE would not be the bottleneck for CA_n5-n8 using full band n5/n8 RF filters and non-concurrent reception within 869...880 DL and 904…915 UL but both the UL and DL throughput would be degraded making the benefit of DL/UL CA very questionable
Proposal 4: CA_n5-n8 using full band n5/n8 RF filters and non-concurrent reception within 869...880 DL and 904…915 UL would have degraded UL and DL throughput making the benefit of DL/UL CA very questionable
A second alternative would be to use only n5 UL in CA_n5-n8. This case would enable DL CA but would not bring the UL data rate boost as n8 UL were not used.
[bookmark: _Hlk118291186]Proposal 5: CA_n5-n8 using full band n5/n8 RF filters with n5 UL is feasible even though the UL data rate is limited as UL CA is not feasible
In the analysis 10MHz UL is centred at 909MHz and 5MHz DL is centred at 877.5MHz. In this case the UL and DL are as close to each other as possible, and the DL has the narrowest possible BW. 
Full n5/n8 RF filters with 2 antennas
We analyse three different RF architectures. We address general aspects first for each of the architectures and then analyse worst case MSD.
The first RF architecture has UL CA capabilities, and is able to transmit n5/n8 UL’s from different antennas.
[image: ]
Figure 3 RF FE filter line-up with 2 antennas and UL CA from different antennas
MSD, if any is only for n8 as n8 TX and n5 RX are non-concurrent. Drawbacks of this architecture are the additional SP2T switch to alternate n8 TX and n5 RX and degraded n5 blocking as inclusion of n8 TX into n5 RX filter increases the passband 19MHz outside n5 RX which would require to specify n5 OOB accordingly, and duplicated n5 TX filter. In addition, the increase in n5 RX passband may have implications to IL and isolations. n5 TX filter is duplicated to allow n5 and n8 UL to be transmitted from different antennas. The SP2T switch would increase n8 ΔTIB and n5 ΔRIB by 0.3dB or so compared to case without SP2T
Antenna analysis:
[image: ]
Figure 4 Antenna bandwidth ratios for full band n5/n8 RF filters with 2 antennas and UL CA from different antennas
The antenna bandwidth ratios are larger than that for any Low Band, which may mean degraded OTA performance. The architecture allows to transmit n5 UL and n8 UL from different antennas which improves the possibilities to achieve reasonable TRP for both UL’s
The second RF architecture has UL CA capabilities, and is transmitting n5/n8 UL’s from one antenna.
[image: ]
Figure 5 RF FE filter line-up with 2 antennas and UL CA from one antenna
MSD, if any is only for n8 as n8 TX and n5 RX are non-concurrent. Drawbacks of this architecture are the additional SP2T switch to alternate n8 TX and n5 RX and degraded n5 blocking as inclusion of n8 TX into n5 RX filter increases the passband 19MHz outside n5 RX which would require to specify n5 OOB accordingly. The SP2T switch would increase n8 ΔTIB and n5 ΔRIB by 0.3dB or so compared to case without SP2T
 Antenna analysis:
[image: ]
Figure 6 Antenna bandwidth ratios for full band n5/n8 RF filters with 2 antennas and UL CA from same antennas
The antenna bandwidth ratio is larger than that for any Low Band, which may mean degraded OTA performance. Achieving good TRP for both n5 and n8 in UL CA is challenging as they are transmitted from same antenna.
The third RF architecture is optimised for CA_n5-n8 with n5 UL only.
[image: ]
Figure 7 RF FE filter line-up with 2 antennas and n5 UL only
MSD, if any is only for n8. Drawbacks of this architecture is the fact that the UL data rate is capped as only n5 UL can be used.
Antenna analysis:
[image: ]
Figure 8 Antenna bandwidth ratios for full band n5/n8 RF filters with 2 antennas and n5 UL only
The antenna bandwidth ratio is larger than that for any Low Band, which may mean degraded OTA performance at least for the n8 RX assuming that the n5 TRP is optimised.
MSD analysis:
For all three RF architectures above, only n8 is subject to cross-band MSD as n8 UL and n5 DL are non-concurrent or n8 UL is not supported in DL CA. 
Using the following parameters, the n8 cross-band MSD is 0dB. In case some of the assumptions were relaxed from the ones shown below, there could be non-zero MSD. 
[image: ]
Figure 9 Assumptions for n8 cross-band MSD

Observation 3: The n8 Cross-band MSD is 0dB with 2 antenna architecture using full band n5/n8 RF filters. The margin to 0dB MSD is quite narrow, so further evaluations may be needed before deciding if MSD is needed or not

Full n5/n8 RF filters with 3 antennas
3-antenna RF architecture is shown below
[image: ]
Figure 10 RF FE filter line-up with 3 antennas
Antenna analysis:
The bandwidth ratios are obviously normal for Ant 1 and Ant 2 as they cover only one normal LB each. Even the bandwidth ratio for Ant 3 is comparable to many other low bands. n5 UL and n8 UL are transmitted from different antennas which improves the possibilities to achieve reasonable TRP for both UL’s
[image: ]
Figure 11 Antenna bandwidth ratios for full band n5/n8 RF filters with 3 antennas
MSD analysis:
Only n8 is subject to cross-band MSD as n8 UL and n5 DL are non-concurrent or n8 UL is not supported in DL CA. 
Using the following parameters, the n8 cross-band MSD is 0dB. In case some of the assumptions were relaxed, there would be non-zero MSD. 
[image: ]
Observation 4: The n8 Cross-band MSD is 0dB with 3 antenna architecture using full band n5/n8 RF filters. The margin to 0dB MSD is quite narrow, so further evaluations may be needed before deciding if MSD is needed or not

Dedicated RF filters for restricted frequencies 
The spectrum arrangements and the RFFE filter line-up are shown below.
[image: ]
Figure 12 Spectrum arrangements for restricted frequencies
In this case dedicated RF filters opens a big discussion of how to handle this kind of scenarios in RAN4. On high level, two alternative cases can be envisioned:
-Create new bands supporting just the restricted frequencies
-Not to create new bands but manage it in other means in RAN4
We need to recognize in RAN4 that in either case if CA between these restricted frequency ranges using concurrent reception within 869…880 and transmission within 904…915 is supported, UE needs both full n5 and n8 RF filters and dedicated filters, at least a dedicated n8 filter, for the restricted frequency ranges. We note that band 5 is one of the oldest bands whose filters have been very stable for a long time, so the potential new attenuation requirement to suppress n8 TX leakage by 40dB or so should not impact the existing performance of n5. 
Observation 5: If CA between the restricted frequency ranges of n5 and n8 using concurrent reception within 869…880 and transmission within 904…915 is supported, UE needs both full n5 and n8 RF filters and dedicated filters for the restricted frequency ranges
When the feasibility analysis for different CA_n5-n8 architectures is done, RAN4 must do a very important decision on how to handle the non-overlapping frequency ranges within overlapping bands. Proponent operator’s input as well as inputs from other companies would be very valuable for further discussions. 
In our view, at least the scenario where a 3GPP specified CA combination would need filters covering only parts of the specified bands should be avoided. 
Proposal 6: Before agreeing any requirements for CA_n5-n8 using restricted filter(s), RAN4 must agree how to handle restricted frequency range filters, i.e. if new bands are specified or not
Dedicated RF filters for restricted frequencies with 2 antennas
For this case we analyse two different RF architectures. We address general aspects first for each of the architectures and then analyse worst case MSD.
First RF architecture consists of two triplexers.
[image: ]
Figure 13 RF FE filter line-up with dedicated RF filters with 2 antennas and UL CA from different antennas
Antenna analysis:
[image: ]
Figure 14 Antenna bandwidth ratios for dedicated RF filters with 2 antennas and UL CA from different antennas

The bandwidth ratio for Ant 1 is larger than the ratio for any LB while the ratio for Ant 2 is moderate compared to some other Low Bands with high bandwidth ratio. The architecture allows to transmit n5 UL and n8 UL from different antennas which improves the possibilities to achieve reasonable TRP for both UL’s
Second RF architecture consists of a quadplexer and an RX duplexer. 
[image: ]
Figure 15 RF FE filter line-up with dedicated RF filters with 2 antennas and UL CA from same antenna


[image: ]
Figure 16 Antenna bandwidth ratios for full band n5/n8 RF filters with 2 antennas and UL CA from same antenna
The antenna bandwidth ratio is larger than that for any Low Band, which may mean degraded OTA performance. Achieving good TRP for both n5 and n8 in UL CA is challenging as they are transmitted from same antenna.

MSD analysis:
As discussed earlier, there is no 2UL IMD for the restricted frequency ranges. Hence only cross-band MSD must be investigated.
The following updated parameter values are used in the analysis. They are based on assumptions estimated performance and are valid for the two triplexers architecture.
[image: ]
Figure 17 Cross-band MSD using dedicated RF filters and 2 antennas

Observation 6: For NR CA using dedicated RF filters for restricted frequencies with two antennas, the worst-case 1UL n5 cross-band MSD using estimated RF filter characteristics is 10.4dB for 5MHz CC within 869…880MHz

Dedicated RF filters for restricted frequencies with 3 antennas
The following RF filter line-up is used.
[image: ]
Figure 18 RF FE filter line-up with dedicated RF filters and 3 antennas
Antenna analysis:
[image: ]
Figure 19 Antenna bandwidth ratios for dedicated RF filters with 3 antennas
The bandwidth ratios for Ant 1 and Ant 2 are low even compared to other low bands while the ratio for Ant 3 is moderate compared to some other Low Bands with high bandwidth ratio. 
MSD analysis:
The following updated parameter values are used in the analysis. They are based on assumptions of estimated performance.
[image: ]
Figure 20 Cross-band MSD using dedicated RF filters and 3 antennas

Observation 7: For NR CA using dedicated RF filters for restricted frequencies with three antennas, the worst-case 1UL n5 cross-band MSD using estimated RF filter characteristics is 6.5dB for 5MHz CC within 869…880MHz
0. MSD for 2 UL Case
Due to the close proximity of the bands the case of 2 UL MSD should be assessed as well even though there is no IMD relation between the bands. If there is no 2 UL MSD testpoint specified, the 0dB MSD is assumed to hold for 2UL CA.
In DL CA MSD cases and UL CA MSD cases, 3GPP has used the worst case, i.e. has specified test point with largest MSD. 
The main difference between 1 UL cross-band MSD and 2 UL cross-band MSD in case of no IMD is that the power per aggressor band is scaled down by 3dB. Scaling the power down by 3dB has a max few dB impact to 1 UL cross-band MSD. Looking at 1UL cross-band MSD evaluations for CA_n5-n8, the MSD for 5MHz n5 is 10.4dB. It is obvious that the 5MHz n5 will have non-zero MSD in case when n8 TX power is scaled down by 3dB. 
Observation 8: Current Cross-band MSD specification approach does not cover UL CA cases which do not have IMD MSD specified
RAN4 needs to discuss how to deal with cases where there is 1UL Cross-band MSD specified and no IMD MSD. This is important because as discussed above if RAN4 omits the issue then in UL CA REFSENS 0dB holds unless there is a test-point specified with non-zero MSD.
If RAN4 decides to specify a test point, our initial view is to use the same MSD value and test frequencies for both 1UL Cross-band MSD and 2UL Cross-band MSD.
Proposal 7: RAN4 must discuss how the 2UL Cross-band MSD is dealt with in case there is no IMD


Conclusion
Considerations on general feasibility of a CA combination was provided with the following observations and proposals.
Observation 1: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL
Observation 2: RF FE would not be the bottleneck for CA_n5-n8 using full band n5/n8 RF filters and non-concurrent reception within 869...880 DL and 904…915 UL but both the UL and DL throughput would be degraded making the benefit of DL/UL CA very questionable
Observation 3: The n8 Cross-band MSD is 0dB with 2 antenna architecture using full band n5/n8 RF filters. The margin to 0dB MSD is quite narrow, so further evaluations may be needed before deciding if MSD is needed or not
Observation 4: The n8 Cross-band MSD is 0dB with 3 antenna architecture using full band n5/n8 RF filters. The margin to 0dB MSD is quite narrow, so further evaluations may be needed before deciding if MSD is needed or not
Observation 5: If CA between the restricted frequency ranges of n5 and n8 using concurrent reception within 869…880 and transmission within 904…915 is supported, UE needs both full n5 and n8 RF filters and dedicated filters for the restricted frequency ranges
Observation 6: For NR CA using dedicated RF filters for restricted frequencies with two antennas, the worst-case 1UL n5 cross-band MSD using estimated RF filter characteristics is 10.4dB for 5MHz CC within 869…880MHz
Observation 7: For NR CA using dedicated RF filters for restricted frequencies with three antennas, the worst-case 1UL n5 cross-band MSD using estimated RF filter characteristics is 6.5dB for 5MHz CC within 869…880MHz
Observation 8: Current Cross-band MSD specification approach does not cover UL CA cases which do not have IMD MSD specified
Proposal 1: The RF requirements shall be made to allow any feasible RF architecture to be used, i.e. MSD, ΔTIB, and  ΔRIB according to the worst case
Proposal 2: Each RF reference architecture included in the TR must have a brief evaluation of expected antenna characteristics
Proposal 3: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL
Proposal 4: CA_n5-n8 using full band n5/n8 RF filters and non-concurrent reception within 869...880 DL and 904…915 UL would have degraded UL and DL throughput making the benefit of DL/UL CA very questionable
Proposal 5: CA_n5-n8 using full band n5/n8 RF filters with n5 UL is feasible even though the UL data rate is limited as UL CA is not feasible
Proposal 6: Before agreeing any requirements for CA_n5-n8 using restricted filter(s), RAN4 must agree how to handle restricted frequency range filters, i.e. if new bands are specified or not
Proposal 7: RAN4 must discuss how the 2UL Cross-band MSD is dealt with in case there is no IMD
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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 .     2.1.   WF from RAN4#104bis - e   Issue 2 - 1:  Whether 2 antenna architecture is down  selected for the requirements study   Issue 2 - 2 :  Which architecture is based for the UE RF requirement if two architectures are allowed?    

