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1 Introduction
Intra-band non-contiguous EN-DC combination DC_3A_n3A has recently been introduced in revised NR work item [1]. Respecting the potential issues on substantial A-MPR as well as self-desensitization caused by dual UL operation for this combination, a proposal to consider single switched UL was approved in last RAN4 meeting [2]. In this contribution, we would like to share our view on the UE reference architecture for the single switched UL operation as well as the switching time requirement for this combination.    
2 Discussion
Intra-band non-contiguous EN-DC combination DC_3A_n3A has recently been introduced in revised NR work item [1]. This combination is analogous to intra-band non-contiguous UL CA which has been known to be subjected to relatively high A-MPR in order to meet the emission requirements. And for FDD bands, the downlink carrier could be desensitized with substantial MSD caused by the 2UL intermodulation interference if the duplex distance is less than 3 times of the band frequency range. Due to these severe performance issues, in LTE only B4 has been introduced with intra-band non-contiguous UL CA feature.

As DC_3A_n3A is also subjected to the similar performance issues, single switched UL has been considered for this combination [2]. To support single switched UL operation, the switching time between two UL carriers needs to be quantified, which would be dependent on the UE reference architecture.

Like in other intra-band EN-DC combinations for DC_(n)71B and DC_41A_n41A, both single Tx and dual Tx architectures have been considered, as shown in Figure 2-1.    
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Figure 2-1 UE reference architectures for intra-band EN-DC (a) dual Tx path; (b) single Tx path
For single switched UL operation, we consider single Tx path a better architecture over dual Tx path as it is more cost effective and occupies less phone space. On the other hand, although dual Tx path would outperform single Tx path in A-MPR and MSD requirements under dual UL operation, it does not really bring any performance advantage over single Tx path in single switched UL operation.

From UL switching time point of view, although dual Tx path allows LTE and NR UL carriers to operate separately at each Tx path without the need of frequency tuning, it does not necessarily mean that no switching time is required. One particular concern is that before UL switching if the non-operation frequency synthesizer would be turned on in advance to pre-configure and settle the UL frequency for the other UL carrier, it may create interference to the frequency synthesizer in operation by either frequency pulling (due to the close proximity of the two carriers) or supply pushing. This interference effect is of particular evident in single-chip RFIC design. To avoid the performance impact caused by such interference effect, either non-operation frequency synthesizer would be turned on all the time or needs to wait till UL switching taking place. The former approach would suffer more power consumption and may still be impacted by frequency pulling. The later approach would be subjected to a switching time on the order of hundreds of s to turn on and settle the frequency synthesizer which could be substantially longer than the switching time for single Tx path implementation.
For single Tx architecture, no UL switching time is required if LTE and NR carrier frequency tuning is performed in digital baseband while keeping the RF local oscillator unchanged during UL switching. However, this would mean either one or both carriers is located at a non-zero IF frequency before RF up-conversion which may render the issues of higher A-MPR due to in-band IF image and MSD due to IF image or intermodulation interference falling onto either one of the DL carriers, as illustrated in Figure 2-2.
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Figure 2-2 Potential performance issues without RF tuning during UL switching
To avoid the aforementioned performance impact, the UL RF local oscillator frequency is desired to be tuned between two carriers to maintain zero-IF frequency for each carrier during UL switching. For DC_3A_n3A, the maximum frequency tuning range is expected to be 70 MHz, which may require around 120 s frequency tuning and settling time for a typical frequency synthesizer design. Notice that during UL frequency tuning and settling, the DL frequency synthesizer could be interfered by frequency pulling through on-chip coupling to cause performance degradation. Therefore, DL reception interruption should be allowed during UL switching.
Based on the above assessment, we’ve arrived the following proposal for UL switching time for DC_3A_n3A single switched UL operation.

Proposal: UL switching time for DC_3A_n3A single switched UL operation is defined as 120 s and DL reception interruption is allowed during UL switching.

3 Conclusion
In this contribution, we share our view on the UE reference architecture for the single switched UL operation for DC_3A_n3A and propose the switching time requirement for this combination.  
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