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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In WID [1] we have the following tasks for RAN4:
	...
Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed
...



2	Discussion
In Rel-16 the introduction of TX switching between two UL carriers were confined to changes related to DL interruptions in TS 38.133. This is evident from CRs introducing this feature in Rel-16 [2,3].
Observation 1: In Rel-16 the introduction of TX switching between two UL carriers were confined to changes related to DL interruptions in TS 38.133.
In previous RAN4#104 meeting [4] and in earlier RAN4 contributions [5], an analysis is done regarding impact due to multiple TAGs configurations with restriction of up to 2 Tx simultaneous transmission. In [5], it is concluded, regarding Rel-17 Tx switching between twp uplink carriers, regarding TS 38.133 RRM specification that when: 
turning to DL interruptions, the capability uplinkTxSwitching-DL-Interruption-r16 is not affected since the length of the switching period indicated is not changed in the multiple TAG case. Quoting from 38.133, “the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in NR carrier. The DL interruption lengths of X for NR carrier(s) are defined in […]”, from 38.133,
8.2.2.2.10	DL Interruptions at UE switching between two uplink carriers
The DL interruption requirements at dynamic switching between two uplink carreirs specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration in FR1 when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause 6.1.6 of TS 38.214 [26], where NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink carriers is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.
No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause 5.2A.2 of TS 38.101-1 [18].
Table 8.2.2.2.10-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers
	[image: ]
	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1:	Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod



We remark that timing differences between the DL and UL slots on a switched carrier are also present in the single-TAG case due to the timing advance (propagation delay) that can be larger than the MTTD. For most deployments the timing differences between the UL carriers are expected much smaller than the MTTD but the specification must cover the maximum specified.
The length of the DL interruption was derived by using a formula in [6]:
· The above table [specification] considers the interruption uncertainty due to MRTD and TA adjustment accuracy, where MRTD=3us.
· Interruption length in the above table is expressed by:
ceil((switching period+2*TA adjustment uncertainty+6us-CP length)/symbol duration)+1
· No DL interruption is allowed in the downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption.
The formula for the DL interruption length would essentially be the same for the non-collocated case. The MTRD (BS TAE = 3 us) is relevant to include for the collocated case (but presumably not with a factor 2 for the time delay for a carrier is either before or after the common DL timing) since the UL timing is w r t one of the two carriers belonging to the single TAG. The TA adjustment accuracy is relevant since this can be positive or one carrier and negative for the other. In the non-collocated case, the UL timing is w r t the reference cell of each TAG (i.e. each carrier if only two) so including the BS TAE is not relevant, since the length of the interruption is not changed. . The remaining terms the same for the two cases. 
The actual DL interruption location on each carrier will be determined by (N_TA + N_TA,offset)*Tc in relation to the DL reference timing, no difference between single-TAG and multi-TAG.
Observation 2: DL interruptions in TS 38.133 are not affected, for CA, since the switching period during which the UE is not expected to transmit on any carrier is the same for non-collocation. The capability uplinkTxSwitching-DL-Interruption-r16 is unaffected in the multiple TAG case.
Observation 3: Same principle applies for ENDC, when it comes to DL interruptions, i.e., DL interruptions in TS 38.133 are not affected, even if the time masks in UE RF requirements might have to be different.
3	Summary
Observation 1: In Rel-16 the introduction of TX switching between two UL carriers were confined to changes related to DL interruptions in TS 38.133.
Observation 2: DL interruptions in TS 38.133 are not affected, for CA, since the switching period during which the UE is not expected to transmit on any carrier is the same for non-collocation. The capability uplinkTxSwitching-DL-Interruption-r16 is unaffected in the multiple TAG case.
Observation 3: Same principle applies for ENDC, when it comes to DL interruptions, i.e., DL interruptions in TS 38.133 are not affected, even if the time masks in UE RF requirements might have to be different.
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