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1. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Introduction
	In the previous RAN4 meeting, the channel arrangements of new MSS band has not reached consensus in RAN4 WG due to CA feasibility and related duplexer performance.
In this contribution, we provide our view on the CA feasibility between band 1 and new MSS band according to the various channel arrangements of new MSS band.
2. Analysis of CA feasibility
 In the previous meeting, companies didn’t get agreements on the channel arrangement between 2x30MHz and 2x90MHz in MSS 2GHz. 
 Duplexer characteristics for various channel arrangements were provided and it could be seen that single duplexer for MSS 90MHz is not a possible solution due to 1.8dB additional ILs compared to band 1 duplexer [5]. So, we need to look into the duplexer performance and CA feasibility before agreeing on the channel arrangement.
To analyze the CA feasibility, four candidate options for the combination of channel arrangement and duplexer for MSS band can be considered
· Stand alone band : 2x30MHz (Single duplexer)
· Expended band : 2x50MHz, 2x70MHz (single duplexer)
· Super set band : 2x90MHz (Dual duplexer)
For the dual duplexer in Super set band, mixture of band 1 duplexer and MSS band duplexer with 50 or 70MHz can be considered. 
To analyze CA feasibility for various channel arrangements, UE architecture of CA should be considered to increase the value and efficiency of the new band. In the CA study, RAN4 considered that CA bands can share common antenna in transceiver even in Low + High CA band combination. Therefore, we assume such a common antenna sharing architecture for Band 1 and MSS band. A separated antenna configuration per band is also studied in this contribution.
Figure 1 is the RF architecture of MSS band UE to support CA features with band 1 or other bands.
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Figure 1. UE RF example architecture 1 for MSS band
In case MSS band is 30MHz wide, Architecture 1 in Fig.1 can be considered as a possible implementation. In Figure 1, to keep the current Band 1 REFSENS, Quadplexer should guarantee appropriate isolation and ILs. However, this is difficult in current technology. 
If the channel arrangement of new MSS band is larger than 30MHz, then Quadplexer in Fig. 1 cannot be used as candidate UE RF architecture due to practical design issues to divide two signals in overlapped regions with Band 1. In this case, other UE RF structure should be considered. An example of this implementation is described in Figure 2. Based on this, we have the following observation.
Observation 1: If new MSS band is larger than 30MHz, Quadplexer cannot be used as candidate UE RF architecture.
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Figure 2. UE RF example architecture 2 for MSS band
Architecture2 can be able to support all channel arrangement for new band.  For the 2x30, 2x50 and 2x70MHz MSS band is supported by MSS duplexer. And 2x90MHz channel arrangement is also able to operate with dual duplexer such as Band 1 duplexer and MSS band duplexer. To maintain the same performance with Band 1, MSS duplexer can be used up to 2x70MHz.
2.1 Inter-band CA with Band 1 and new band
For the architecture 1 using Quadplexer, inter-band CA is possible when new MSS band is defined with 2x30MHz, but Quadplexer design issues are critical point to guarantee isolation between Band1 and new MSS band and keep the ILs. And also it is quite difficult to provide sufficient attenuation to Band 34 to meet the UE coexistence requirements from Band 1 transmission. Other channel arrangements cannot support inter-band CA in example architecture1.
Therefore, architecture1 is not sufficient to support inter-band CA between Band 1 and new MSS band. 
For the architecture2 using band 1 duplexer and MSS duplexer, inter-band CA is not possible due to common antenna configuration. The received signal flows just into one of two receiver path between Band 1 and MSS band by antenna switch. That is our obserbation2 as follow
Observation 2: For UE RF architecture2 using band 1 duplexer and MSS duplexer, inter-band CA is not possible due to common antenna configuration.
Hence, we can know that the inter-band CA is not possible in two candidate architectures. But if separate antenna configuration per each band is considered, then inter-band CA is possible as shown in Figure 3.
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Figure 3. UE RF example architecture 3 for MSS band
However, to support the separate antenna configuration in architecture 3, UE needs some investigation to achieve antenna performance such as antenna correlation and isolation and also it is quite difficult to obtain extra space to implement additional antennas and individual RF components per each band. So our observation 3 is as follow
Observation 3: For UE RF architecture 3 with separate antenna configuration per band, the UE can support inter-band CA, but UE needs further investigation on antenna performance and should obtain extra space to implement additional components.

2. 
1. 
2.2     Intra-band CA for extended band
For the 2x50MHz, 2x70MHz and 2x90MHz channel arrangements, RAN4 should consider how to support intra-band contiguous CA and/or intra-band non-contiguous CA in MSS band. But one important point is that Quadplexer cannot be used due to overlapped regions within Band 1. And also single duplexer does not guarantee the existing Band 1 Rx isolation level and require additional ILs for 2x90MHz.
To analyze intra-band CA feasibility, RAN4 can consider candidate UE RF architecture2. From Figure 2, we can see that intra-band CA can only be supported within MSS band duplexer up to 70MHz.
[image: ]
 Figure 4. Example Intra-band CA in MSS band
In other words, for the 2x90MHz channel arrangement, it cannot be supported intra-band CA between CC1 in MSS duplexer and CC2 in Band 1 duplexer which is located outside of MSS duplexer since each CC is operated by separated duplexer as shown in Figure 4. 
From Figure 4, we can see that intra-CA cannot be supported with architecture 2 in some cases where each CC signal is located within each duplexer. So we have following observation 4.
Observation 4: In architecture2, intra-band CA can only be supported when CC1 and CC2 are located in MSS duplexer up to 70MHz, but other cases could not be supported as intra-band CA.
For the architecture 3, intra-band CA is able to be supported as shown in Figure 3. However UE need to further investigate on the antenna performance and obtain extra space for additional antenna and RF components. 

3. Conclusion
In this contribution we analyzed CA feasibility according to the candidate UE RF architectures for various channel arrangements. The followings are the observations in this paper.
Observation 1: If new MSS band is larger than 30MHz, Quadplexer cannot be used as candidate UE RF architecture.
Observation 2: For UE RF architecture2 using band 1 duplexer and MSS duplexer, inter-band CA is not possible due to common antenna configuration.
Observation 3: For UE RF architecture 3 with separate antenna configuration per band, the UE can support inter-band CA, but UE needs further investigation on antenna performance and should obtain extra space to implement additional components.
Observation 4: In architecture2, intra-band CA can only be supported when CC1 and CC2 are located in MSS duplexer up to 70MHz, but other cases could not be supported as intra-band CA.

The corresponding text proposal for TR36.861 is provided below.
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[bookmark: _Toc390779594]5	Band-specific issues for LTE FDD
The covered band-specific issues for LTE FDD in the bands 1980-2010 MHz and 2170-2200 MHz are:
Study related aspects of adding a FDD band into E-UTRA that covers the frequency range of UL: (2010-X)-2010/DL: (2220-X)-2200 MHz;
Determine parameter X (30 MHz ≦ X ≦ 70MHz with 10 MHz step); 
Study coexistence issues with adjacent bands (e.g. Band 34);
Identify regulatory issues;
Study the possibility to harmonize this band.

5.1	 CA feasibility with Band 1
To analyze the CA feasibility, four candidate options for the combination of channel arrangement and duplexer for MSS band can be considered
· Stand alone band : 2x30MHz (Single duplexer)
· Expended band : 2x50MHz, 2x70MHz (single duplexer)
· Super set band : 2x90MHz (Dual duplexer)
For the dual duplexer in Super set band, mixture of band 1 duplexer and MSS band duplexer with 50 or 70MHz can be considered. 
To analyze CA feasibility for various channel arrangements, UE architecture of CA should be considered to increase the value and efficiency of the new band. In the CA study, RAN4 considered that CA bands can share common antenna in transceiver even in Low + High CA band combination. Therefore, we assume such a common antenna sharing architecture for Band 1 and MSS band. A separated antenna configuration per band is also studied in this contribution.
Figure 5.1-1 is the RF architecture of MSS band UE to support CA features with band 1 or other bands.
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Figure 5.1-1. UE RF example architecture 1 for MSS band
In case MSS band is 30MHz wide, Architecture 1 in Figure 5.1-1 can be considered as a possible implementation. In Figure 5.1-1, to keep the current Band 1 REFSENS, Quadplexer should guarantee appropriate isolation and ILs. However, this is difficult in current technology. 
If the channel arrangement of new MSS band is larger than 30MHz, then Quadplexer in Figure 5.1-1 cannot be used as candidate UE RF architecture due to practical design issues to divide two signals in overlapped regions with Band 1. In this case, other UE RF structure should be considered. An example of this implementation is described in Figure 5.1-2. Based on this, we have the following observation.
Observation 1: If new MSS band is larger than 30MHz, Quadplexer cannot be used as candidate UE RF architecture.
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Figure 5.1-2. UE RF example architecture 2 for MSS band
Architecture2 can be able to support all channel arrangement for new band.  For the 2x30, 2x50 and 2x70MHz MSS band is supported by MSS duplexer. And 2x90MHz channel arrangement is also able to operate with dual duplexer such as Band 1 duplexer and MSS band duplexer. To maintain the same performance with Band 1, MSS duplexer can be used up to 2x70MHz.
5.1.1  Inter-band CA with Band 1 and new band
For the architecture 1 using Quadplexer, inter-band CA is possible when new MSS band is defined with 2x30MHz, but Quadplexer design issues are critical point to guarantee isolation between Band1 and new MSS band and keep the ILs. And also it is quite difficult to provide sufficient attenuation to Band 34 to meet the UE coexistence requirements from Band 1 transmission. Other channel arrangements cannot support inter-band CA in example architecture1.
Therefore, architecture1 is not sufficient to support inter-band CA between Band 1 and new MSS band. 
For the architecture2 using band 1 duplexer and MSS duplexer, inter-band CA is not possible due to common antenna configuration. The received signal flows just into one of two receiver path between Band 1 and MSS band by antenna switch. That is our obserbation2 as follow
Observation 2: For UE RF architecture2 using band 1 duplexer and MSS duplexer, inter-band CA is not possible due to common antenna configuration.
Hence, we can know that the inter-band CA is not possible in two candidate architectures. But if separate antenna configuration per each band is considered, then inter-band CA is possible as shown in Figure 5.1.1-1.
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Figure 5.1.1-1. UE RF example architecture 3 for MSS band
However, to support the separate antenna configuration in architecture 3, UE needs some investigation to achieve antenna performance such as antenna correlation and isolation and also it is quite difficult to obtain extra space to implement additional antennas and individual RF components per each band. So our observation 3 is as follow
Observation 3: For UE RF architecture 3 with separate antenna configuration per band, the UE can support inter-band CA, but UE needs further investigation on antenna performance and should obtain extra space to implement additional components.

3. 
2. 
5.1.2     Intra-band CA for extended band
For the 2x50MHz, 2x70MHz and 2x90MHz channel arrangements, RAN4 should consider how to support intra-band contiguous CA and/or intra-band non-contiguous CA in MSS band. But one important point is that Quadplexer cannot be used due to overlapped regions within Band 1. And also single duplexer does not guarantee the existing Band 1 Rx isolation level and require additional ILs for 2x90MHz.
To analyze intra-band CA feasibility, RAN4 can consider candidate UE RF architecture2. From Figure 5.1-2, we can see that intra-band CA can only be supported within MSS band duplexer up to 70MHz.
[image: ]
 Figure 5.1.2-1. Example Intra-band CA in MSS band
In other words, for the 2x90MHz channel arrangement, it cannot be supported intra-band CA between CC1 in MSS duplexer and CC2 in Band 1 duplexer which is located outside of MSS duplexer since each CC is operated by separated duplexer as shown in Figure 5.1.2-1. 
From Figure 5.1.2-1, we can see that intra-CA cannot be supported with architecture 2 in some cases where each CC signal is located within each duplexer. So we have following observation 4.
Observation 4: In architecture2, intra-band CA can only be supported when CC1 and CC2 are located in MSS duplexer up to 70MHz, but other cases could not be supported as intra-band CA.
For the architecture 3, intra-band CA is able to be supported as shown in Figure 5.1.1-1. However UE need to further investigate on the antenna performance and obtain extra space for additional antenna and RF components. 
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