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1. Introduction
Two-band EN-DC combinations which may operate using the “Single Uplink (UL) allowed” for IMD3 related issues are split into two categories: Low-Low (“L-L”) or High-High (“H-H”) band combinations. According to [1] Section 5.2B.1, frequency bands below 1GHz fall in the Low band category, while bands between 1695 and 2695 MHz fall into the “High” band category. Bands which are above 1GHz and below 1695MHz do not fall into any category. This contribution discusses if the “High” band category should be extended to cover 1427 – 2695 MHz and if the “Low” band category should be specifically defined as a range covering 617 – 960 MHz.
2. Discussion
2.1. Reminder of RAN4 Single UL allowed assumptions [1]

For EN-DC configurations indicated by column “Single Uplink allowed” in tables of section 5 [1], the UE may indicate capability of not supporting simultaneous dual and triple uplink operation due to possible intermodulation interference to its own downlink band:

· if the intermodulation order is 2 or,

· if the intermodulation order is 3 for the combinations when both operating bands are below 1 GHz or between 1695 MHz – 2690 MHz. 
In case for the EN-DC configurations listed in tables in section 5 [1] for which the intermodulation products caused by the dual and triple uplink operation fall into the receive band but do not interfere with the own downlink transmission as defined in Annex-A the UE is mandated to operate in dual and triple uplink mode. Single Uplink is also allowed for certain band combinations where intermodulation or reverse intermodulations product could create difficulty for meeting emission requirements.
Note that this definition is slightly ambiguous and is the subject of a revisited definition in contribution [2].
2.2. Single UL Allowed Discussion for “Mid” Bands
EN-DC in FR1 combinations for which one of the band falls above 1GHz and below 1695 MHz neither falls into the “Low” or the “High” frequency band category. As such, Bands 11, 21, 24, 45, 50, 51 and 74 may considered as “Mid-bands” which fall into this “gap” (i.e. between Low and High respective ranges). According to criteria in Section 2.1, any EN-DC combination which might be introduced in the future for which one of these bands is combined with either a “Low” or “High” band group would not be able to benefit from single UL. 
Furthermore, the range of frequencies which defines a “High” band in [1] is inconsistent with the NSA DC UE RF reference architecture diagram shown in Section 5.1.1 of [3] for frequency range 1 (FR1). These “mid” bands are usually part of the High-band PA module and are diplexed with the Low-band power amplifier (PA) module [3].
Observation 1:

According to current RAN 4 agreements, future EN-DC combinations which may use Bands 11, 21, 24, 45, 50, 51 and 74 are not categorized for single UL allowed operation because under current definition, these bands neither fall in the “Low” or “High” frequency band category. However, according to the FR1 NSA DC UE architecture conventions in [3], these bands are part of the High band PA module.
Similarly, it is worth noting that the current definition of the “Low” band range of frequencies (less than 1GHz) may lead to ambiguous interpretation in analyzing single UL allowance for future EN-DC combinations, as it could lead to bands at 450MHz to be categorized as low band. 

To account for the above observations, in Section 5.2B.1 to replace “below 1GHz” with “between 617 MHz – 960 MHz” and “between 1695 MHz – 2690 MHz” with “between 1427 MHz – 2690 MHz” as shown highlighted in yellow in proposal 1 below.
Proposal 1: 
<Start of change>
5.2B
Operating bands for DC
5.2B.1
General

The operating bands are specified for operation with EN-DC or NGEN-DC configured. The band combinations include at least one E-UTRA operating band.

For EN-DC configurations indicated by column “Single Uplink allowed” (e.g., problematic band combinations as defined in TS38.306) in tables in this section the UE may indicate capability of not supporting simultaneous dual and triple uplink operation due to possible intermodulation interference to its own downlink band if the intermodulation order is 2 or if the intermodulation order is 3 for the combinations when both operating bands are between 617 MHz – 960 MHz below 1 GHz or between 1427 MHz – 2690 MHz 1695 MHz – 2690 MHz. In case for the EN-DC configurations listed in tables in this section for which the intermodulation products caused by the dual and triple uplink operation fall into the recive band but do not interfere with the own downlink transmission as defined in Annex-A the UE is mandated to operate in dual and triple uplink mode. Single Uplink is also allowed for certain band combinations where intermodulation or reverse intermodulations product could create difficulty for meeting emission requirements.
<End of changes>
3. Conclusion
This contribution shows that bands 11, 21, 24, 45, 50, 51 and 74 which could be considered as “Mid” bands, neither belong to “Low” or “High” frequency band categories. Any future EN-DC combination using these bands would therefore not be able to benefit from “single UL allowed” scheme. In accordance and with reference to NSA DC UE architectures for FR1 [3], we propose to define the High frequency band category as the range frequencies 1427-2695 MHz range, and the Low frequency band category as the range of frequencies 617-960 MHz.
Proposal 1: 

<Start of change>
5.2B
Operating bands for DC
5.2B.1
General

The operating bands are specified for operation with EN-DC or NGEN-DC configured. The band combinations include at least one E-UTRA operating band.

For EN-DC configurations indicated by column “Single Uplink allowed” (e.g., problematic band combinations as defined in TS38.306) in tables in this section the UE may indicate capability of not supporting simultaneous dual and triple uplink operation due to possible intermodulation interference to its own downlink band if the intermodulation order is 2 or if the intermodulation order is 3 for the combinations when both operating bands are between 617 MHz – 960 MHz below 1 GHz or between 1427 MHz – 2690 MHz 1695 MHz – 2690 MHz. In case for the EN-DC configurations listed in tables in this section for which the intermodulation products caused by the dual and triple uplink operation fall into the recive band but do not interfere with the own downlink transmission as defined in Annex-A the UE is mandated to operate in dual and triple uplink mode. Single Uplink is also allowed for certain band combinations where intermodulation or reverse intermodulations product could create difficulty for meeting emission requirements.
<End of changes>
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