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1 Introduction
[bookmark: OLE_LINK6]In Rel-18, a new SID[1] was approved to identify the issues and investigate the solution to enable the support of band combinations made up of 700/800/900MHz for a smart phone, where the objectives are:
· 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.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK21]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.
· 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.
[bookmark: OLE_LINK25][bookmark: OLE_LINK2][bookmark: OLE_LINK22]In current SID, there were three DL CA band combination supporting UL CA included, i.e. 3DL/2UL CA_n8-n20-n28, 2DL/2UL CA_n5-n8 and 2DL/2UL CA_n5-n28. It should be noted that the fallbacks of 2DL/2UL CA_n8-n20, CA_n8-n28 have not completed yet.
Also, it should be noted that there exists IMD3 issue caused by band n20 and n28 falls into band n8 Rx. (i.e. 2*Bn20 TX – 1*Bn28 TX = Bn8 RX.)
[bookmark: OLE_LINK46]In this contributions, we give some initial discussion on the feasibility for smartphone to support the NR CA configurations of LB bands. 
2	Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK28]The benefits for the CA band combination with all LB bands (sub-1GHz) were already identified, such as it can achieve the high data rate and the good coverage at the same time. Meanwhile, some challenges were also identified, especially for smart phone due to the size/cost, front end complexity, etc, which make it difficult to implement UL CA operation when more low bands are aggregated. In addition, possible MSD caused by UL CA will degrade the DL performance.
[bookmark: OLE_LINK20]3DL/2UL CA_n8-n20-n28
[bookmark: OLE_LINK4]In Rel-17, the ENDC 8-20-n28 configurations have already been discussed. However, it is targeted for FWA form factor.
[bookmark: OLE_LINK12][bookmark: OLE_LINK15][bookmark: OLE_LINK11][bookmark: OLE_LINK37]In our understanding, the RF architecture for NR CA n8-n20-n28 with uplink CA can be referred to the architectures for ENDC 8-20-n28 and LTE CA 8-20-n28. In terms of the 8-20-n28 3 LB band ENDC and LTE CA 8-20-28 with two uplink simultaneous implementation, it seems there are two RF architecture implementations during the discussion, one is three LB antennas and the other one is two LB antennas.
Thus, for 3DL/2UL CA_n8-n20-n28, there are two possible RF architecture implementations as following: 
[bookmark: OLE_LINK16][bookmark: OLE_LINK14][bookmark: OLE_LINK5][bookmark: OLE_LINK7][bookmark: OLE_LINK8]1: Three LB antennas: one Tx antennas for two low bands(triplexer or Quadplexer), and one Tx antenna for anther low band, one Rx antenna for three bands diversity Rx
[bookmark: OLE_LINK13]The three LB antenna RF architecture is illustrated in Figure 1, which is quite similar as the ENDC configuration 8-20-n28 in [2].
[image: ]
[bookmark: OLE_LINK38]Figure 1. Three LB antennas implementation used for NR CA n8-n20-n28
[bookmark: OLE_LINK17][bookmark: OLE_LINK51]In figure 1, two antennas for bands n20/n28(triplexer) and n8 primary Tx/Rx, respectively, and one Rx antenna for n8/n20/n28 diversity Rx. Also the two primary Tx/Rx antennas can be for bands n8/n28(triplexer) and n20 primary Tx/Rx, respectively
[bookmark: OLE_LINK35]2: Two LB antennas: one Tx antennas for three low bands (pentaplexer), and one Rx antenna for three bands diversity Rx
The two LB antenna RF architecture is illustrated in Figure 1, which is quite similar as the ENDC configuration 8-20-n28 in [3].


[bookmark: OLE_LINK34][bookmark: OLE_LINK36][image: ]
Figure 2. Two LB antennas implementation used for NR CA n8-n20-n28
In figure 2, one antennas for n8/n20/n28 (pentaplexer) primary Tx/Rx , and one Rx antenna for n8/n20/n28 diversity Rx
The challenges for the smartphone with the above two architectures have already been analyzed in [3], where: 
For the first one, it can be observed from the observations that it is impractical for smartphone form factor to use three antennas to implement 3 low bands with two bands Tx simultaneous. In addition, primary LB antenna is usually shared with medium band. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]For the second one, the main challenges are the pentaplexer performance and also the antenna performance which should tune among the bands. In terms of the discussion in [4], no performance evaluations were provided. Compared with triplexer, the size of pentaplexer is usually larger but the performance is poorer.
It seems the size is one of the key factors to limit the implementation of 3LB antennas or 2LB antenna with pentaplexer. In the other words, if the size is enough (i.e. the smartphone is design as a larger form factor like phablet), then it seems it might feasible to use above two RF architecture implementation in the case of the antenna performance is acceptable.
[bookmark: OLE_LINK10][bookmark: OLE_LINK49]Proposal 1. For 3DL/2UL CA_n8-n20-n28, three LB antennas implementation or two LB antennas implementation might feasible for smartphone with large form factor in case of the antenna performance is acceptable. 
[bookmark: OLE_LINK31][bookmark: OLE_LINK29][bookmark: OLE_LINK48][bookmark: OLE_LINK26]2DL/2UL CA_n5-n28, CA_n8-n20, CA_n8-n28
[bookmark: OLE_LINK9][bookmark: OLE_LINK24][bookmark: OLE_LINK27]Currently, 2DL/2UL CA_n5-n12, CA_n5-n14 and CA_n20-n28 have already been included. The frequency ranges of bands n8 and n28 are very close to band n12, n14 and n20, and there are no frequency range overlapping for these three combination.
[bookmark: OLE_LINK30]In terms of the [5], no form factor restriction are applied for 2DL/2UL CA_n5-n12 , CA_ n5-n14 and CA_n20-n28. So we think CA_n5-n28, CA_n8-n20, CA_n8-n28 could be treated as normal LB-LB NR combination which is similar as CA_n5-n12, CA_ n5-n14 and CA_n20-n28, where non-block approval approach is used in Rel-17.
[image: ]
[bookmark: OLE_LINK43]Proposal 2. 2DL/2UL CA_n5-n28, CA_n8-n20, CA_n8-n28 could be treated as normal LB-LB NR CA combination, where non-block approval approach is used in Rel-17.
[bookmark: OLE_LINK47]2DL/2UL CA_n5-n8
[bookmark: OLE_LINK39]Unlike the other LB-LB NR CA combination, the n5 DL frequency range is partial overlapped with n8 UL frequency range, shown in figure 3. 

[image: ]
Figure 3. Partial overlapping for n5 DL and n8 UL
[bookmark: OLE_LINK33][bookmark: OLE_LINK44][bookmark: OLE_LINK41][bookmark: OLE_LINK40]Firstly, it is impractical to invert the UL and DL services for a certain FDD band. Secondly, to implement 2DL/2UL n5-n8 NR CA, frequency restriction should be studied to avoid the overlapping, which is illustrated in Figure 4.
[image: ]
Figure 4. frequency restriction to avoid the overlapping.
[bookmark: OLE_LINK42]In figure 4, with the frequency restrictions are applied to n5 and n8, there may leave X MHz frequency separation between n5 DL and n8 UL to decrease the self interference and the RF proponents like n-plexer implementation. In general, RF filter is designed for all frequency range. 
[bookmark: OLE_LINK50]Proposal 3. To support 2DL/2UL n5-n8 NR CA, frequency restriction should be studied to avoid the overlapping.
3 Conclusion
In this contribution, we give some initial discussion on the feasibility for smartphone to support the 3DL/2UL CA_n8-n20-n28 and the fallbacks, and 2DL/2UL CA_n5-n28 and CA_n5-n8.
The conclusions are summarized below:
Proposal 1. For 3DL/2UL CA_n8-n20-n28, three LB antennas implementation or two LB antennas implementation might feasible for smartphone with large form factor in case of the antenna performance is acceptable. 
Proposal 2. 2DL/2UL CA_n5-n28, CA_n8-n20, CA_n8-n28 could be treated as normal LB-LB NR CA combination, where non-block approval approach is used in Rel-17.
[bookmark: _GoBack]Proposal 3. To support 2DL/2UL n5-n8 NR CA, frequency restriction should be studied to avoid the overlapping.
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