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1. Introduction

In RAN4 #92bis meeting, the WF on Tx switching between two uplink carriers was agreed in [1]. The contribution discusses the open issues on RF time mask requirements.
2. Discussion
2.1  Length of switching period
In RAN4 #92bis meeting, the following agreements were reached regarding the length of the switching period [1]:
· RAN4 recommendation on the length of UL switching period for defining UE RF requirements and capability reporting:
· [0]us, 35us, 140 us, [250]us
· RAN4 will decide whether 250us will be defined based on UE implementation in RAN4 #93 meeting
· 0us cannot be achieved with the UE implementation of 2 Tx chains in total. RAN4 will decide whether 0us will be defined from RF requirements and/or capability reporting perspective for forward compatibility in RAN4 #93 meeting.
· The same length of switching period for switching from case 1 to case 2 and from case 2 to case 1.
· RAN4 does not preclude the possibility of down-selecting to the single value (e.g., one non-zero value) due to BS complexity issue and system performance.
· RAN4 does not preclude the possibility of introducing UE capability bit to allow different UE implementation. 
· Existing RAN4 requirements will be not impact by introducing of the length of UL switching period
In our view, multiple non-zero values should be defined in order to allow different UE implementations, especially considering that this capability can be reported per pair of uplink bands. According to the online and offline feedback from chipset vendors, it could be possible to realize small switching time by further optimization for some band pairs; but difficult to realize small switching time for some other band pairs, such as band pair with shared PA. So, it is important to allow different UE implementations for different band pairs in the spec.
The aspects of BS complexity and system performance were raised in the last meeting. To us, the trade-off between UE complexity and BS complexity is needed. Down-selecting to one single non-zero value in 3GPP spec is a very tight restriction and not preferred by us.

As for the system performance, how much gain can be achieved with different lengths of switching period depends on the many other factors, such as network deployment scenario, location of UE in the cell, carrier frequency, duplex mode, channel bandwidth and TDD pattern for the two uplink carriers, etc. It is indeed difficult to draw conclusion on the system performance gain within one or two meeting cycles. Therefore, we suggest to focus on defining UE requirements but not to take extensive efforts on studying system performance in the WI.
Regarding the UE capability reporting, according to the WID, per band per band combination or per band combination UE capability signaling will be defined if needed. In [2], it proposed to specify the capability per pair of bands in each band combination for SUL and EN-DC. We think this is a good approach and can also be used for UL CA. Moreover, this approach has already been used for UE capability reporting on SRS carrier switching, as seen in the table below.

Table 1: UE capability reporting on SRS carrier switching (in sub-clause 4.2.7.1 of TS 38.306)
	Definitions for parameters
	Per
	M
	FDD-TDD

DIFF
	FR1-FR2

DIFF

	srs-SwitchingTimeNR

Indicates the interruption time on DL/UL reception within a NR band pair during the RF retuning for switching between a carrier on one band and another (PUSCH-less) carrier on the other band to transmit SRS. switchingTimeDL/ switchingTimeUL : n0 represents 0 us, n30us represents 30us, and so on. switchingTimeDL/ switchingTimeDL is mandatory present if switching between the NR band pair is supported, otherwise the field is absent. It is signalled per pair of bands per band combination.
	FD
	No
	No
	No


Proposal 1: Define multiple non-zero values for the length of switching period, and report the capability per pair of uplink bands in each band combination.
Considering the 0 us switching period, based on the investigation from chipset & UE vendors in [3] and also the discussion in RAN4 #92bis meeting [4], 0 us can only be realized by 3 transmitters, 3 PAs and 3 independent power suppliers, which is not the typical implementation in current commercial UEs. But we are supportive of defining 0 us switching period from forward compatibility point of view. One thing is that for switching with 0us, it is different from the Rel-15 UL CA, since maximum two concurrent Tx is allowed due to power consumption and heat dissipation issues.
Proposal 2: Define 0 us switching period from forward compatibility point of view.
2.2  DL reception interruption due to UL switching
In RAN4 #92bis meeting, the following agreements were reached regarding the DL reception interruption due to UL switching [1]:

· Handling of DL reception interruption
· Option 1: Define different capabilities for UEs with and without DL reception interruption
· Option 2: DL reception interruption is not allowed
· Option 3: DL reception interruption is allowed
· Other options are not precluded.
From operator perspective, the DL reception interruption is not favourable. From UE perspective, the DL reception interruption may or may not happen, depending on UE architecture, e.g., separate or shared PLL for DL and UL. If unfortunately, for some band combinations, DL reception interruption cannot be avoided for some UE implementations, different capabilities should be defined for UEs with and without DL reception interruption, and the capability should also be reported per pair of bands in each band combination, i.e., reported for each band within the pair of bands in each band combination. 
Moreover, the DL reception interruption (if any) happens during the UL switching, and the RAN5 test setup for UL switching and DL reception interruption shall be designed together. So we think the DL reception interruption time should not be longer than UL switching time, and the corresponding requirements (if any) should be defined in RF spec instead of RRM spec.
Proposal 3: Encourage to avoid any DL reception interruption due to UL switching.
Proposal 4: If DL reception interruption cannot be avoided for some UE implementations,
· Define different capabilities for UEs with and without DL reception interruption
· Report the capability per pair of bands in each band combination, i.e., report for each band within the pair of bands in each band combination
· Define DL reception interruption requirements (if any) in RF spec, and DL interruption time should not be longer than UL switching time.

3. Conclusion

The contribution discussed the UE RF time mask requirements to allow switching between two uplink carriers, with the following proposals:
Proposal 1: Define multiple non-zero values for the length of switching period, and report the capability per pair of uplink bands in each band combination.
Proposal 2: Define 0 us switching period from forward compatibility point of view.
Proposal 3: Encourage to avoid any DL reception interruption due to UL switching.
Proposal 4: If DL reception interruption cannot be avoided for some UE implementations,
· Define different capabilities for UEs with and without DL reception interruption
· Report the capability per pair of bands in each band combination, i.e., report for each band within the pair of bands in each band combination
· Define DL reception interruption requirements (if any) in RF spec, and DL interruption time should not be longer than UL switching time.
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