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1. Introduction
In RAN #89e-meeting, new WID “RF requirements enhancement for NR frequency range 1 (FR1) in Rel-17” [1] was approved, which includes the objective of specifying UE requirements to enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions. 
	· Specify UE requirements to enable Tx switching between cases
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


· Specify UE requirements to enable Tx switching between cases, where 1 carrier on band A and 2 contiguous aggregated carriers on band B, and band A is for SUL and band B is a non-SUL band
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T


and
	 
	Number of Tx chains in WID (band A + band B)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T





In this contribution, we will focus on related RF requirements for the new TX switching scenario. 
2. Discussion
In initial period of R16, the UL dual TX band is only limited to very limited NR operating bands. As more and more NR bands has supported UL dual transmission, R17 introduce the new Tx switching scenario for the cases when both the two bands support UL dual transmission, where band A only support single carrier while band B support single carrier or two contiguous aggregated carrier scenarios. 
2.1 time mask
Dynamic UL Tx switching scheme in R16 introduces new time mask requirement including extra switching period, which is reported by UE as uplinkTxSwitchingPeriod-r16, the length of UL Tx switching period per pair of UL bands per band combination. Referring to 38.101-1 and 38.101-3, the time mask requirements for EN-DC, CA and SUL are all band agnostic, UE reporting the supported band combinations without extra application or specification restrict.
Observation 1: the time mask requirement including switching period is band agnostic.   
In previous discussion, the switching period is regarded as implementation dependent and mainly consists of the following actions (or partial) [2], some of which could be done parallel, but no details of these actions were discussed.
· DAC and BB chain may be retuned due to the changes of maximum bandwidth
· RF chain loading, programming and internal calibration, including possible RF switches, e.g. PA configuration and biased
· PLL need to be either switched or retuned
· ET initialization and loading if necessary
It is noted all the above actions are almost the same whether it is for dual Tx or single Tx. For dual Tx, these actions could be taken parallelly among two Tx chains. Hence the time for 2Tx (1 carrier)-> 2Tx (1 carrier) could be the same as previous 1Tx->2Tx or 2Tx->1Tx switching time.
Proposal 1: R16 time mask requirements could still apply for 2Tx (1 carrier)-> 2Tx (1 carrier) switching scenario. 
2.2 band combinations
The motivation of Tx switching scenario is to enhance UL capacity. In the following, we take the SUL_n97_n41, CA_n1_n78 and CA_n41_n79 band combinations as the example to show the capacity enhancement in 2Tx -> 2Tx switching scenarios.
For SUL band combination n97+n41, 2Tx(n97) -> 2Tx(n41) switching can improve about 50% UL throughput compared to 1Tx(n97)->2Tx(n41) switching assuming 100MHz in n41 configured and 50MHz in n97. 


Figure 1 the illustration of the 2TX->2TX switching mechanism for SUL band combination
For FDD+TDD CA, take n1+n78 as an example, the figure below illustrates the 2Tx->2Tx switching mechanism. Assuming 100MHz in n78 with DDDSUDDSUU configuration and 50MHz in n1, the UL throughput of 2Tx(n1)->2Tx(n78) can improve about 37% UL throughput compared to 1Tx(n1) -> 2Tx(n78). Since NR n1 and n78 bands already support the UL-MIMO, 2Tx->2Tx transmission switch can be achieved.

  
Figure 2 the illustration of the 2TX->2TX switching mechanism for TDD+FDD inter-band CA
For TDD+TDD CA, take n41+n79 as an example, the figure below illustrates the 2Tx->2Tx switching mechanism. In previous RAN1 meeting, maximum 76800Ts misalignment is supported with slot alignment and partial SFN alignment for R16 NR inter-band CA. As illustrated in the below figure, n41 configured with DDDDDDDSUU and n79 configured with DDDSUDDSUU. n79 is configured with 3-slot offset in advance, all the UL slots on both carriers are TDMed in order to optimize the UL performance. At slot 8 of n41 band, the UE will switch from n49 2Tx to n41 2Tx. Compared to transmitting UL only on n79, 2Tx(n49)->2Tx(n26) can improve about 66.7% UL throughput assuming 100MHz bandwidth in both n41 and n79. 


Figure 3 the illustration of the 2TX->2TX switching mechanism for TDD+TDD inter-band CA
As analyzed in time mask section, all the switching related RF requirement are band agnostic, hence some band combinations supporting R17 switching scenarios are suggested, some of which may still not covered in the current specifications.
Proposal 2: to enhance UL capacity, it is suggested all the following band combinations could support SUL cases 1,2,3 and related switching scenarios in R17.
· Band n80 + Band n41 or n79
· Band n81 + Band n41 or n79
· Band n95+ Band n41 or n79
· Band n97+ Band n41 or n79
· Band n98+ Band n41 or n79
Proposal 3: to enhance UL capacity, it is suggested all the following band combinations could support CA cases 1,2,3 and related switching scenarios in R17.
· Band n3 + Band n41 or n79
· Band n8 + Band n41 or n79
· Band n39+ Band n41 or n79
· Band n40+ Band n41 or n79
· Band n41+ Band n79
3. Conclusions
In this contribution, R17 new switching scenario related RF requirements was discussed with following proposals and observations:
Observation 1: time mask requirement including switching period is band agnostic.
Proposal 1: R16 time mask requirements could still apply for 2Tx (1 carrier)-> 2Tx (1 carrier) switching scenario. 
Proposal 2: to enhance UL capacity, it is suggested all the following band combinations could support SUL cases 1,2,3 and related switching scenarios in R17.
· Band n80 + Band n41 or n79
· Band n81 + Band n41 or n79
· Band n95+ Band n41 or n79
· Band n97+ Band n41 or n79
· Band n98+ Band n41 or n79
Proposal 3: to enhance UL capacity, it is suggested all the following band combinations could support CA cases 1,2,3 and related switching scenarios in R17.
· Band n3 + Band n41 or n79
· Band n8 + Band n41 or n79
· Band n39+ Band n41 or n79
· Band n40+ Band n41 or n79
· Band n41+ Band n79
4. Reference
[1] RP-202088, New WID proposal: RF requirements enhancement for NR frequency range 1 (FR1) in Rel-17
[2] R4-1910751, Switching times and reference architectures
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