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1. Motivation
Sub-1GHz bands play the important role in wireless communication due to the outstanding coverage performance. Most operators across the world own 700, 800, and 900MHz bands. However, the available or allocated spectrum on each sub-1GHz band is small, e.g., less than or equal to 10MHz. Sub-1GHz spectrum were rare and the spectrum allocation is fragmental in each band. For the individual operator, only a small portion is allocated on 700/800/900MHz IMT bands, which is difficult to meet the NR wideband service requirements, although the coverage on those bands is excellent.

A straightforward but promising approach to promote those low bands is to combine them by using CA or DC to achieve the high data rate and the good coverage at the same time. Such approach would be a key enabler to bridge the digital divide in rural areas, as the operators commented. It would enable better system performance and customer experience. Thus, the operators showed the interests on this enhancement.

The most difficult aspect is on RF design. Thanks to bigger volume and more powerful implementation, BS could meet most of existing RF requirements for separate bands when supporting the simultaneous transmission and reception. But it is more challenging for UE to support such functionality. In addition, according to the existing RAN4 study of the band combination of 700+800+900MHz, only FWA can support it because the separate antennas are needed to achieve the good isolation. A number of challenges were identified for a device with a smart phone form factor to support the combinations of those low bands. Those challenges include the maximum sensitivity degradation (MSD) and poor low band antenna performance.

So a dedicated study item with a clear target date and objectives is proposed 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, which would be critical to promote NR on those low bands.

It’s worth to study the UE architecture including n-plexing, PA, wideband antenna, the performance due to impacts including inter-modulation products and how to achieve a feasible RF front-end design with better RF performance.

2. Proposed objectives
In RAN#95-e about RAN4 R18 preparation, this study item was discussed widely. And the following objectives listed as below seem much stable based on the discussion. 
The objectives of the core part 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 technical discussion 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-n28 with uplink configurations of CA_n5-n8, CA_n5-n28, CA_n8-n28, and the fall back modes]
· [CA_n5-n8 with uplink configurations of CA_n5-n8, and the fallback modes]
· CA_n20-n67 with uplink on band n20
· 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
· Power class 3 (PC3) is considered in this study
· Identify necessary RAN4 requirements including Tx and Rx RF requirements
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