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1. Introduction
In RAN#98 meeting, a new WID on CA with two SUL cells were approved [1]. In RAN#99 meeting, how to support the CA band combinations with two SUL cells were discussed [2]. It was tasked by RAN that RAN4 should assess the additional RAN4 specification impact and UE implementation impact to support the UE configured with two serving cells, each with SUL, the example band combinations are referred to [1].
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Final proposal (as offline outcome)



UL/SUL indicator field is excluded from a DCI format 0_X.



Task RAN4 to assess the additional, if any, RAN4 specification impact and UE 

implementation impact for a UE configured with two serving cells, each with SUL; report 

to RAN#100 with the goal of striving for potential normative work supporting the case 

where a UE is configured with two serving cells, each with SUL

•

E.g., whether back-to-back transmissions between two SUL carriers and back-to-back 

transmissions between SUL carrier and non-corresponding NUL carrier could be 

supported without any switching period, or 

•

E.g., whether it is only feasible to support such configuration in the UL Tx switching 

framework with UE capability based switching period

•

Example band combinations are referred to in RP-223553 (RP-230719)

•

Further check the status in RAN#100

 

In this contribution, we discuss the specification impact and UE implementation impact for a UE configured with two serving cells, each with SUL.
2. Discussion
The original intention of the basket WI of CA with two SUL cells [1] is to only specify the band combination specific requirements from RAN4 perspective and independent of any features. 
From operator perspective, we would like to support the UE transmitting uplinks on one or two of the four uplink carriers so that all the uplink resources can be used more efficiently. RAN plenary also task RAN4 to assess the specification and UE implementation impact in order to support this case.

The following figures take the approved band combination CA_n41A-n95A_n79A-n98A as example.
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Cell1 is CA_n41-n95 and Cell2 is CA_n79-n98. For switching between n95 and n79, this is switching between SUL carrier and non-corresponding NUL carrier. For switching between n79 and n98, this is the switching between NUL and corresponding SUL carrier, which is the legacy SUL switching. For switching between n79 and n41, this is the switching between CA uplink carriers. 
For UE with two Tx chains and two PLLs, switching between two cells require Tx switching period. However, for some UE implementation, for example with two Tx chains and four PLLs, switching period can be avoided. Hence back-to-back transmissions between two SUL carriers and back-to-back transmission between SUL carrier and non-corresponding NUL carrier could be supported without any switching period. If no switching period is required, then there is no RAN4 specification impact.
Observation 1: Back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier can be supported without any switching period by some UE implementation, e.g. UE implemented with 2Tx chains and four PLLs. No RAN4 specification impact is observed.
For UE implemented with two Tx chains and two PLLs, switching between two cells require Tx switching period. In the endorsed RAN4 CR for multicarrier enhancement WI [4], the time mask requirements are general for NR inter-band CA configuration with three or four NR uplink bands. Hence, depending on UE capability report, the time mask requirements can be applied to any band pair among the three or four bands. 
Observation 2: Existing RAN4 requirements (i.e. time mask for switching across three or four uplink bands) can support the UL Tx switching for CA band combination with two SUL cells. No RAN4 specification impact is observed.
	6.3A.3.3.6
Time mask for switching across three or four uplink bands
The switching time mask requirements specified in this sub-clause are applicable for an NR inter-band CA configuration when the capability [BandCombination-UplinkTxSwitch-r18] is present, and are only applicable for uplink switching mechanisms specified in clause [6.1.6] of TS 38.214 [10].
In the NR inter-band CA configuration, the number of NR uplink bands with different carrier frequencies is three or four. NR UL carrier(s) in each of the three or four uplink bands are capable of one or two transmit antenna connector(s), according to the UE capability [TBD]. 
The switching time masks in Figure 6.3A.3.3.6-1 and Figure 6.3A.3.3.6-2 are applicable to each of the uplink band pairs in the CA configuration, and are applicable to uplink transmissions when configured with switchedUL or dualUL by the parameter [uplinkTxSwitchingOption]. To simplify the figures, the two bands in different band pairs are denoted as NR band X and band Y. The uplink transmission on either band X or band Y is with one or two transmit antenna connector(s), 
–
if NR UL carriers in both bands in one band pair are capable of one transmit antenna connector, 1Tx-1Tx switching is supported for the band pair;
–
if NR UL carrier(s) in one band of one band pair is capable of one transmit antenna connector, and NR UL carrier(s) in the other band of the band pair is capable of two transmit antenna connectors, 1Tx-2Tx switching is supported for the band pair;
–
if NR UL carriers in both bands of one band pair are capable of two transmit antenna connectors, 2Tx-2Tx switching is supported for the band pair.



Proposal 1: For a UE configured with two serving cells, each with SUL, 
· Back to back transmission between two SUL carriers and back-to back transmission between SUL carrier and non-corresponding NUL carrier without any switching period can be supported by some UE implementation. 
· UL Tx switching between two SUL carriers and between SUL carrier and corresponding NUL carrier can be supported with Rel-18 UL Tx switching framework. 
Proposal 2: No RAN4 specification impacts are observed in order to support a UE configured with two serving cells, each with SUL.
3. Conclusions
In this contribution, we discuss the impact of UE configured with two SUL cells. The proposals are:
Observation 1: Back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier can be supported without any switching period by some UE implementation, e.g. UE implemented with 2Tx chains and four PLLs. No RAN4 specification impact is observed.
Observation 2: Existing RAN4 requirements (i.e. time mask for switching across three or four uplink bands) can support the UL Tx switching for CA band combination with two SUL cells. No RAN4 specification impact is observed.
Proposal 1: For a UE configured with two serving cells, each with SUL, 

· Back to back transmission between two SUL carriers and back-to back transmission between SUL carrier and non-corresponding NUL carrier without any switching period can be supported by some UE implementation. 
· UL Tx switching between two SUL carriers and between SUL carrier and corresponding NUL carrier can be supported with Rel-18 UL Tx switching framework. 
Proposal 2: No RAN4 specification impacts are observed in order to support a UE configured with two serving cells, each with SUL.
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1
Overall description

RAN4 discussed RAN4 specification impact and UE implementation impact for a UE configured with two serving cells, each with SUL. 

The agreements are:

· For a UE configured with two serving cells, each with SUL, back to back transmission between two SUL carriers and back-to back transmission between SUL carrier and non-corresponding NUL carrier without any switching period can be supported by some UE implementation. No RAN4 specification impact is observed.

· For a UE configured with two serving cells, each with SUL, UL Tx switching between two SUL carriers and between SUL carrier and corresponding NUL carrier can be supported with Rel-18 UL Tx switching framework. Rel-18 time mask requirements for switching across three or four uplink bands can be applied. No RAN4 specification impact is observed.
2
Actions

To RAN WG2

ACTION: RAN4 respectfully asks TSG RAN to take the above agreements into account.
3. Date of Next RAN WG4 Meetings:

RAN WG4 Meeting #107
May 22 – May 26, 2023

Incheon, South Korea
RAN WG4 Meeting #108
Aug. 21 – Aug. 25, 2023

Toulouse, FR
Final proposal (as offline outcome)

UL/SUL indicator field is excluded from a DCI format 0_X.

Task RAN4 to assess the additional, if any, RAN4 specification impact and UE implementation impact for a UE configured with two serving cells, each with SUL; report to RAN#100 with the goal of striving for potential normative work supporting the case where a UE is configured with two serving cells, each with SUL

E.g., whether back-to-back transmissions between two SUL carriers and back-to-back transmissions between SUL carrier and non-corresponding NUL carrier could be supported without any switching period, or 

E.g., whether it is only feasible to support such configuration in the UL Tx switching framework with UE capability based switching period

Example band combinations are referred to in RP-223553 (RP-230719)

Further check the status in RAN#100
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