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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, Tx switching is extended to 3 or 4 candidate bands but keep 2 simultaneous transmission chain numbers. RAN1 send LS [1] to RAN4 ask questions about the switching period, complexity and also Tx interruption between chains.

	To RAN WG4 ACTION: 
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on potential increase of switching period and UE’s complexity in case of UL Tx switching across 3 or 4 bands in comparison to 2 bands. 
· RAN WG1 would like to respectfully ask RAN WG4 to provide their feedback on whether following assumption can be considered as baseline UE assumption/behavior even in case of the UL Tx switching across 3 or 4 bands.
· “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period.”



In this paper will discuss these aspects.

2 Discussion
2.1 Tx switching time for 3 or 4 bands
In Rel-16/17, the Tx switching time has been analysed and the time mainly include the PLL adaptation time and Tx chain reconfiguration time including PA adjustment. The switching time can be simplified as 35us when there is no PLL adaptation and only Tx chain ON/OFF, 140us/210us when PLL adaptation and Tx chain/PA reconfiguration happens and the exact value depends on implementation needs. To analyse the Tx switching time for 3 or 4 bands, from RF perspective the key point is whether the PLL/Tx chain/PA changes will happen and whether there are other aspects that will need more time.

Observation 1:    From RF perspective, Tx switching time is caused by PLL/Tx chain/Power supply adaptation, and 210 was the worst case where all the Tx components are reconfigured.

The Tx switching among 3bands or 4bands can be break down into below cases as shown in table 1 and 2, and the switching is among these cases. 

Table 1: Tx switching among 3 bands
	Number of Tx Chains
	 Band A
	Band B
	Band C

	Case 1
	1T
	1T
	

	Case 2
	1T
	
	1T

	Case 3
	
	1T
	1T

	Case 4
	2T
	
	

	Case 5
	
	2T
	

	Case 6
	
	
	2T



Table 2: Cases for UL Tx switching with 4 bands
	Number of Tx Chains
	 Band A
	Band B
	Band C
	Band D

	Case 1
	1T
	1T
	
	

	Case 2
	1T
	
	1T
	

	Case 3
	1T
	
	
	1T

	Case 4
	
	1T
	1T
	

	Case 5
	
	1T
	
	1T

	Case 6
	
	
	1T
	1T

	Case 7
	2T
	
	
	

	Case 8
	
	2T
	
	

	Case 9
	
	
	2T
	

	Case 10
	
	
	
	2T



The switching scenarios look complex, but comparing to Rel-16/17 scenario, the main difference is that 2 of the 3 or 4 candidate Tx bands are selected then transmitted through two Tx chains as shown in figure 1. The Tx bands are selected and indicated by DCI or MAC CE pending on RAN1 discussion which may need more time, but when we discuss the Tx switching time this part of signalling latency can be excluded and only focus on the time needed from hardware part.


Figure 1 Tx architecture of Rel-18 Tx switching scenario

Observation 2:    Rel-18 Tx switching need to select Tx bands from more candidate bands and then indicate UE to do switching which may cause some signaling delay, but this is out of the scope of Tx switching time requirement in RAN4 which focus on hardware switch delay.

During the Tx switching, each of the Tx chain frequency might be changed, and it can be done via PLL retuning if PLL is reused for the two transmit bands or via PLL ON/OFF when there is another PLL can be leveraged. In this part there is no difference from Rel-16/17 PLL adaptation in each Tx chain.

In the RFFE, there is possibility that multi-band multi-mode PAs are used for some of the bands, which makes the switching time longer than separate PA cases. However, this was also being considered in the discussion of 140/210 us case which was targeting the worst case (PLL retune /PA reconfigure /ET Power supply changes). No more time is foreseen.

Observation 3:    No additional switching time is observed from RF point of view, and legacy 35us, 140us and 210us can be reused.

Proposal 1:         Reuse Rel-16 Tx switching time 35us, 140us and 210us for Rel-18 Tx switching from hardware point of view and it is up to RAN1 whether additional scheduling delay is added.

2.2 Tx interruption for 3 or 4 bands
Tx interruption was analysed in Rel-16 which was caused by the interference between frequency synthesizers, i.e. when one of the frequency synthesizers turn on it will cause interference to the frequency synthesizer in operation by either frequency pulling (due to the close proximity of the two carriers) or supply pushing [2][3]. To solve this issue, RAN4 define the Tx switching period for both bands under working and no transmission during the switching period.

The same issue exists when the candidate bands increase to 3 or 4 bands, since there still two LOs and the potential interference between the frequency synthesizers still exists.

Observation 4:    Tx interruption was caused by the interference between frequency synthesizers, when one of the frequency synthesizers turn on it will cause interference to the other frequency synthesizer in operation. Same issue exists when the bands increase to 3 or 4.

Proposal 2:         Confirm RAN1 assumption that “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period”.

3 Conclusion
In this paper, the questions from RAN1 are discussed including the Tx switching time, complexity, and the Tx interruption. And got the following observations and proposals.

Observation 1:    From RF perspective, Tx switching time is caused by PLL/Tx chain/Power supply adaptation, and 210 was the worst case where all the Tx components are reconfigured.
Observation 2:    Rel-18 Tx switching need to select Tx bands from more candidate bands and then indicate UE to do switching which may cause some signaling delay, but this is out of the scope of Tx switching time requirement in RAN4 which focus on hardware switch delay.
Observation 3:    No additional switching time is observed from RF point of view, and legacy 35us, 140us and 210us can be reused.

Proposal 1:         Reuse Rel-16 Tx switching time 35us, 140us and 210us for Rel-18 Tx switching from hardware point of view and it is up to RAN1 whether additional scheduling delay is added.

Observation 4:    Tx interruption was caused by the interference between frequency synthesizers, when one of the frequency synthesizers turn on it will cause interference to the other frequency synthesizer in operation. Same issue exists when the bands increase to 3 or 4.

Proposal 2:         Confirm RAN1 assumption that “When one of the two Tx chains is triggered to switch from one band to another band, another Tx chain which is in any of bands is also not expected to be used for transmission during the switching period”.
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