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1	Introduction 

The desire for combining the narrowly and fragmentally allocated sub-1GHz spectrum to achieve higher data throughput has prompted a study item in RAN #96 meeting to identify the issues and investigate the solution to enable the support of band combinations made up of 700/800/900MHz for a smartphone, specifically for the three example band combinations, CA_n5-n8, CA_n5-n28, and CA_n8-n20-n28 [1]. Upon the completion of the study item, a succeeding new work item on “enhancement for 700/800/900MHz band combinations” was approved in RAN #99 meeting where the objective is to specify UE RF requirements for the three studied CA band combinations [2]. Owing to the demand for more sub-1GHz band combinations, a new study item on “enhancement for sub-1GHz NR band combinations” was also approved in RAN #99 meeting where the objective is to investigate the feasibility and solutions to enable simultaneous transmission on two UL bands with 2Tx and simultaneous reception on two or three bands for smartphone form factor, specifically for CA_n26A-n28A, CA_n5A-n105A, CA_n28A-n105A, and CA_n28A-n105A [3]. In this contribution, we share our views on the potential architecture variants based on 2-antenna and 3-antenna implementations and their implications on UE RF requirements for CA_n28A-n105A.
2 Discussion

Figure 2-1 shows the aggregated spectrum allocation for CA_n28A-n105A where no frequency range restriction has been indicated for either of the constituent bands.

[image: ] 

Figure 2-1 CA_n28A-n105A spectrum range

For CA_n28A-n105A with 2-antenna implementation, there can be two potential architecture variants, one with a triplexer in the main signal path and a duplexer in the diversity Rx path, as shown in Figure 2-2 (a), the other with a triplexer in both main and diversity paths, as shown in Figure 2-2 (b).

Considering the maximum simultaneously covered spectrum range and closely spaced UL and DL bands, the following challenges and issues impacting UE RF performance for 2-antenna architecture variant (a) can be anticipated:

· Both the main antenna and diversity antenna design need to cover the entire spectrum range of 191 MHz simultaneously as shown in Figure 2-1, which is equivalent to a 27% bandwidth ratio and that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.

· The main TRx path triplexer center band range is over 12% bandwidth ratio (band range divided by center frequency) and the frequency gap between center band and n105 DL and n28 DL is only 11 MHz and 10MHz respectively which may pose substantial design challenge on achieving acceptable filter isolation and insertion loss.  

· 2UL IMD3/IM5/IMD7 may fall into either n105 DL or n28 DL or both DL bands simultaneously to cause REFSENS degradation (MSD), as conceptually illustrated in Figure 2-3. Based on our preliminary analysis, the MSD due to IMD3 with single PA implementation could be as high as 45 dB to either or both DL bands which is considerably high and would render the 2UL operation rather impracticable for the combination. 
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Figure 2-2 Potential UE architecture variants to support CA_n28A-n105A with 2 antenna
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Figure 2-3 Conceptual illustration on 2UL IMD3/IMD5 impact to DL bands for CA_n28A-n105A

For 2-antenna architecture variant (b), the following challenges and issues impacting UE RF performance can be anticipated:

· Same as architecture variant (a), both the main antenna and diversity antenna design need to cover the entire spectrum range of 191 MHz simultaneously as shown in Figure 2-1, which is equivalent to a 27% bandwidth ratio and that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.

· Compared to architecture variant (a), the triplexer design in both main and diversity paths can be less challenging as the highest bandwidth ratio among all sub-bands is much less than the center band of variant (a) and the cross-band frequency gaps are much wider. However, compared to standalone n28 and n105 duplexers, to achieve acceptable filter isolation and insertion loss, both triplexer designs are still rather challenging.  

· 2UL IMD3/IM5/IMD7 may fall into either n105 DL or n28 DL or both DL bands simultaneously to cause REFSENS degradation (MSD), as conceptually illustrated in Figure 2-3. Though separate low-band (LB) PAs may help reduce the IMD power into the DL bands, as a result of antenna isolation and PCB isolation between two PAs. Based on our preliminary analysis, the MSD due to IMD3 caused by PA reverse mixing could still be as high as 44 dB to either or both DL bands as both main TRx path and diversity TRx path would be subject to similar IMD impact. The considerably high MSD would render the 2UL operation rather impracticable for the combination. Notice that since both UL bands are adjacent to each other, there would be virtually no filter isolation between the two UL bands.

On the other hand, since the triplexer(s) in the 2-antenna implementation would be the common filter(s) for n28 and n105 single-band operation, the design should ensure the self-band isolation to be comparable to the stand-alone duplexer performance, otherwise, the single-band REFSENS could be degraded. For the intended triplexer to achieve comparable self-band isolation performance as with stand-alone duplexer, it may come with the price of higher insertion loss.  

Observation 1: For CA_n28A-n105A with 2-antenna implementation, the antenna design needs to cover the entire spectrum range of 191 MHz simultaneously which is equivalent to a 27% bandwidth ratio and that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.

Observation 2: For CA_n28A-n105A with 2-antenna implementation, the triplexer(s) design could be rather challenging due to relatively wide bandwidth ratio and narrow frequency gaps among sub-bands.

Proposal 1: For CA_n28A-n105A with 2-antenna implementation, the triplexer(s) design should ensure the self-band isolation to be comparable to the stand-alone duplexer performance for both bands. 

Observation 3: For the intended triplexer to achieve comparable self-band isolation performance as with stand-alone duplexer, it may come with the price of higher insertion loss.

For the 3-antenna implementation, the two of the three antenna are used in the main path to aggregate the n5 and n28 signals over the air, as shown in Figure 2-3. As n28 and n105 signals do not need to be combined through a multiplexer, there is no additional insertion loss in both n5 and n28 main signal paths as compared to single-band implementation.
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Figure 2-3 CA_n28A-n105A UE architecture based on the 3-antenna implementation

Observation 4: For CA_n28A-n105A with 3-antenna implementation, there is no additional insertion loss in both n28 and n105 main signal paths as compared to single-band implementation since n28 and n105 signals do not need to be combined through a multiplexer.

Having two antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the two antenna as compared to single-antenna implementation. However, the additional antenna cannot be added without occupying more phone space. Therefore, the feasibility on placing more than two low-band antenna in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.

For 3-antenna implementation, the MSD due to 2UL IMD3 based on our preliminary analysis was around 36 dB as adding additional antenna would help reduce the IMD power into the DL bands, as a result of antenna isolation and PCB isolation between the two PAs. And compared to 2-antenna implementation variant (b), the diversity Rx path is also subject to lower IMD power as benefiting from the antenna isolation. However, 36dB MSD is still considered relatively high which would render the 2UL operation rather impracticable for the combination.     

Observation 5: For CA_n28A-n105A with 2-antenna implementation, the MSD due to 2UL IMD3 could be as high as 44 to 45 dB.

Observation 6: For CA_n28A-n105A with 3-antenna implementation, the MSD due to 2UL IMD3 could be around 36 dB.

Observation 7: CA_n28A-n105A is subject to 36dB or higher MSD due to 2UL IMD3 which would render the 2UL operation rather impracticable for the combination.

Based on the above observation, we propose that only single UL is supported for CA_n28A-n105A to avoid the potentially severe 2UL IMD impact.

Proposal 2: Only single UL is supported for CA_n28A-n105A in order to avoid the potentially severe 2UL IMD impact.

Lastly, apart from the 2UL IMD issue, the combination is also subject to cross-band UL to DL interference issue due to frequency proximity even under single UL operation where the REFSENS impact needs to be further analyzed for different UE architectures. 

Observation 8: CA_n28A-n105A is also subject to cross-band UL to DL interference issue due to frequency proximity.

Proposal 3: CA_n28A-n105A REFSENS impact due to cross-band UL to DL interference needs to be analyzed.

3	Conclusion

In this contribution, we share our views on the potential architecture variants based on 2-antenna and 3-antenna implementations and their implications on UE RF requirements for CA_n28A-n105A.

Observation 1: For CA_n28A-n105A with 2-antenna implementation, the antenna design needs to cover the entire spectrum range of 191 MHz simultaneously which is equivalent to a 27% bandwidth ratio and that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.

Observation 2: For CA_n28A-n105A with 2-antenna implementation, the triplexer(s) design could be rather challenging due to relatively wide bandwidth ratio and narrow frequency gaps among sub-bands.

Observation 3: For the intended triplexer to achieve comparable self-band isolation performance as with stand-alone duplexer, it may come with the price of higher insertion loss.

Observation 4: For CA_n28A-n105A with 3-antenna implementation, there is no additional insertion loss in both n28 and n105 main signal paths as compared to single-band implementation since n28 and n105 signals do not need to be combined through a multiplexer.

Observation 5: For CA_n28A-n105A with 2-antenna implementation, the MSD due to 2UL IMD3 could be as high as 44 to 45 dB.

Observation 6: For CA_n28A-n105A with 3-antenna implementation, the MSD due to 2UL IMD3 could be around 36 dB.

Observation 7: CA_n28A-n105A is subject to 36dB or higher MSD due to 2UL IMD3 which would render the 2UL operation rather impracticable for the combination.

Observation 8: CA_n28A-n105A is also subject to cross-band UL to DL interference issue due to frequency proximity.

Proposal 1: For CA_n28A-n105A with 2-antenna implementation, the triplexer(s) design should ensure the self-band isolation to be comparable to the stand-alone duplexer performance for both bands.

Proposal 2: Only single UL is supported for CA_n28A-n105A in order to avoid the potentially severe 2UL IMD impact.

Proposal 3: CA_n28A-n105A REFSENS impact due to cross-band UL to DL interference needs to be analyzed.
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