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1 [bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
To achieve the higher peak data rate and better performance for UL transmission with a prerequisite of up to 2 Tx for FR1 UEs, the uplink Tx switching across up to 3 or 4 bands is specified in the Rel-18 multi-carrier operation WI. However, such Tx switching scheme requires quite the high DL CA capability of UE, i.e., larger than 3 DL CC capability. Thus Rel-18 Tx switching feature may not be very friendly to middle-end/low-end devices which are with only 2 DL CC capability. But the middle/low-end UE may be also expected to provide high uplink capacity in the 5G-advance stage. 
In this contribution, the new SUL bands are proposed to reduce the DL complexity/cost for support of Tx switching across up to 3 or 4 bands, which could have less or even no impact on RAN1/RAN2 specifications by fully reusing the existing SUL feature specified since Rel-15. And the details for new SUL bands are also provided.
2 Discussion 
2.1 Motivation: reduce DL complexity for Rel-18 UL Tx switching
To maximize uplink peak data rate and achieve better uplink performance in terms of UPT and uplink physical layer delay for 2Tx UE, the uplink Tx switching among 3 or 4 bands (including SUL band) is supported in Rel-18. In such way, UE can gain more resources for uplink transmissions via subsequently carrier switching in the same or different bands. 
To configure UE to support Rel-18 UL Tx Switching, two constraints are considered
· Within a cell, at least configure one DL CC
· Within a cell, at most configure one SUL CC and two UL CC (including NUL and SUL) in total
Accordingly, an example for a typical Rel-18 UL Tx switching configuration across 3 bands is illustrated Figure 1, where three different cells comprise separate UL carriers located in band n41 (2.6GHz), band n79 (4.9GHz) and SUL band n98A (1.9GHz, i.e., F band).  
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[bookmark: _Ref159161166]Figure 1. A typical Rel-18 UL Tx switching configuration 
(1.9GHz SUL 30MHz 2Tx → 4.9GHz 100+60MHz 2Tx→ 2.6GHz 100MHz 2Tx→ …)
In this example, at least 3 DL CC capability is required for a UE. In our view, the flagship smartphone/high-end UE will support of 3 DL CC and Rel-18 uplink Tx switching to reach a better uplink performance. However, most of middle-end or low-end smartphones may still support 2 DL CC over a relatively long period of time in the future, because 2 DL CC capability could meet the DL traffic requirements of most services at the current stage and the UL dominant services such as live streaming may require the higher UL capability while the less DL capability. If we can make 2 DL CC capable UE support the Tx switching across 4 CCs (3 bands) as shown in Figure 1, then we can expand the wide use of Rel-18 UL Tx switching feature and make high-end and middle/low-end UEs benefit in uplink performance from this feature.
Different from DL CA, actually the uplink carrier selection is supported by using Rel-18 UL Tx switching feature. It requires less hardware compared to DL CA. So the middle/low-end UEs could easily support it.
Therefore, in Rel-19 we propose further study and specify the lower DL complexity solution for UL Tx switching scheme especially for middle/low-end UEs.
2.2 Solutions: introduce the new SUL bands for 2.6GHz and 4.9GHz
Since SUL band and scheme are introduced from Rel-15, we can leverage the existing scheme to address the issue shown in Figure 1. In Figure 2, we show our proposal. We introduce a new SUL band overlapping with TDD bands. With a specific notation to clarify that NUL CC and SUL CC are not overlapped in frequency domain, the proposed solution would be the simple one, which may have less or no impact on RAN1/RAN2 specifications. 
SUL CC is configured in a UE specific manner. The new signaling to indicate UL-DL configuration could be introduced for SUL CC. However, UE can only rely on network schedule even without such new indication.
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[bookmark: _Ref159177859]Figure 2. Introduce SUL for 4.9GHz, band n79
(1.9GHz SUL 30MHz 2Tx → 4.9GHz NUL 100 + SUL 60MHz 2Tx→ 2.6GHz 100MHz 2Tx→ …)
Proposal 1: Define new SUL bands corresponding to 2.6GHz band n41 and 4.9GHz band n79.
2.3 Gain: uplink peak data rate and DL complexity
Uplink peak data rate gain compared to Rel-17/18 2 DL CC based uplink Tx switching schemes
Figure 3 shows the Tx switching schemes based on 2 DL CC UE capability on the same band combination as that in Figure 1 or 2. The achievable uplink peak data rates can be calcualted assuming 2Tx + UL 256QAM. In sum, the scheme in Figure 2 has 16% gain of uplink peak data rate over the scheme in Figure 3(a) and 30% gain over the scheme in Figure 3(b). 
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(a) 2 DL CCs located on 4.9GHz band
(1.9GHz SUL 30MHz 2Tx → 4.9GHz NUL 100 + SUL 60MHz 2Tx→ …)
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(b) 2 DL CCs located on 4.9GHz and 2.6GHz
(1.9GHz SUL 30MHz 2Tx → 4.9GHz NUL 100 2Tx→ 2.6GHz 100MHz 2Tx→ …)
Figure 3. Uplink Tx switching based on 2DL CC capability
Reduced DL complexity and power consumption
In Table 1 we compare the DL complexity and power consumption among 2 DL CC, 3 DL CC and 4 DL CC cases. The gain of reduced DL complexity and power consumption of 2 DL CC over 3 DL CC or 4 DL CC would be significant.
Table 1: comparison of DL complexity and power consumption with different DL CC number
	DL CC#
	DL Complexity
	Power consumption
(PDCCH monitoring)

	2 DL CC
	X
	Y

	3 DL CC
	1.25X
	1.3Y

	4 DL CC
	1.4~1.7X
	1.8Y



2.4 Summary: uplink peak data rate and DL complexity
Summary of potential directions for further discussions for Rel-19 SUL band
Consider the introduction of new SUL bands and share the same spectrum with TDD band, the following directions can be set for further discussions for Rel-19 new SUL bands WI:
· Define new SUL bands corresponding to 2.6GHz band n41 and 4.9GHz band n79 respectively.
· Define new band combinations comprise of the new SUL bands corresponding to 2.6GHz band n41 only, 4.9GHz band n79 only, and both band n41 and n79.
· Define new RF requirements for the new SUL bands and band combinations.
· When UE indicates to support the capability of “SwitchedUL” and 2Tx, it is allowed that UE performs simultaneous transmissions on new SUL bands and NUL on corresponding TDD band.
· Design new signaling to configure/indicate the TDD configuration in the new SUL bands.
3 Conclusion
In this paper, we provide our views on further enhancements for multi-carrier operation in Rel-19. Based on the above discussion, we have following proposals:
Proposal 1: Define new SUL band corresponding to 2.6GHz band n41 and 4.9GHz band n79.
In addition, the following directions can be set for further discussions for Rel-19 MC WI:
· Define new SUL bands corresponding to 2.6GHz band n41 and 4.9GHz band n79 respectively.
· Define new band combinations comprise of the new SUL bands corresponding to 2.6GHz band n41 only, 4.9GHz band n79 only, and both band n41 and n79.
· Define new RF requirements for the new SUL bands and band combinations.
· When UE indicates to support the capability of “SwitchedUL” and 2Tx, it is allowed that UE performs simultaneous transmissions on new SUL bands and NUL on corresponding TDD band.
· Design new signaling to configure/indicate the TDD configuration in the new SUL bands.
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