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1 Introduction
FR1 Tx switching transmission is one of the target to be specified for Rel-17 FR1. And according to the WID [1], the items are as below. This paper initially discuss on these aspects.
	· 2) Specify 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 the following RAN4 requirements for above scenarios

· Length of switching period

· Time mask RF requirements

· Uplink interruption and downlink interruption (RRM) requirements, if needed

· Minimize the impacts on RAN1

· Update RAN1 uplink switching for carrier aggregation and supplementary uplink 

· Minimize the impacts on RAN2

· Update the RRC signaling to indicate the switching period location and length

· Update the UE capabilities

· 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

· Specify the following RAN4 requirements for above scenarios

· Length of switching period

· Time mask RF requirements

· Uplink interruption and downlink interruption (RRM) requirements, if needed

· Minimize the impacts on RAN1

· Update RAN1 uplink switching for carrier aggregation and supplementary uplink

· Minimize the impacts on RAN2

· Update the RRC signaling to indicate the switching period location and length

· Update the UE capabilities

Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.

Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.

Note 3:  The UE is configured with two different uplink carrier frequencies.


2 Discussion
2.1 Basic scenarios
In Rel-16, Tx switching transmission has been specified, and the scenario is between case1 and case2 below. The Tx in cases means Tx chain ability, so it can be further divided into (1 active Tx on carrier1 only), or (1 active Tx on carrier1 + 1 active Tx on carrier2).
	Case 1 
	1 Tx on carrier1 and 1 Tx on carrier2

	Case 2 
	0 Tx on carrier1 and 2 Tx on carrier2 


Now in Rel-17, two general scenarios are included, i.e. switch between 2Tx at low band and 2Tx at high band, switch between 1CC at low band and 2 contiguous CC at high band.
Three cases are defined for switching where the Tx chain should be interpreted as Rel-16, i.e. means Tx chain ability which can be further configured by NW for Tx transmission. However, from the discussion in Rel-16, it seems there is no much difference in RAN4 requirement definition that whether one Tx chain is configured to transmit or not.

It is also noticed that switching between case1/2, between case2/3, between case1/2/3 are also listed. From initial understanding, there is no much difference among these scenarios in terms of switching time requirements and can be considered together.
	 
	Number of Tx chains in WID (band A + band B)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


Observation 1:          In Rel-16, the “Tx” in cases means Tx chain ability which can be further configured by NW for Tx transmission, but this interpretation seems have no impact to RAN4 requirement definition.
Observation 2:          In Rel-17, two general scenarios are included, i.e. switch between 2Tx at low band and 2Tx at high band, switch between 1CC at low band and 2 contiguous CC at high band
Observation 3:          Switching between case1/2, between case2/3, among case1/2/3 are also listed in WID, however, there is no much difference among these scenarios in terms of switching time requirements and can be considered together.
2.2 UE architectures
In Rel-16, several architectures are given for the requirement definition [2]. 

Figure 1 below is the scenario that separate PLL/PA are implemented for low band and high band which makes the PLL retuning is not needed and the time needed is for PA and PLL switching. In Rel-17, UE implements two Tx in low band, and the changes to the example figure is connecting PLL1 also to the other low band branch. Therefore, in this condition, no more time is needed comparing to Rel-16. For the Rel-17 CA in high band scenario, no difference from Rel-16 either in terms of switching time.
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Figure 1: Possible implementation for 35us switching period [2]

Figure 2 below is the scenario that common PLL but separate PAs are implemented for low band and high band which makes the PLL retuning is needed and also PA switching. In Rel-17, UE implements two Tx in low band, and the changes to the example figure is switching low band and high band in the second branch. Therefore, in this condition, no more time is needed comparing to Rel-16. For the Rel-17 CA in high band scenario, no difference from Rel-16 either in terms of switching time.
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Figure 2: Possible implementation for 140us switching period [2]

210us was also defined for the scenario that all the RF chain need to be reloaded, it is expected that the changes in Rel-17 is small comparing to the total switching period.
Observation 4:          The UE architecture for Tx switching from Rel-16 to Rel-17 is minor, and the switching time for Rel-16 can be reused.

Proposal 1:               It is proposed to reuse the Rel-16 time mask for Tx switching scenarios in Rel-17.
3 Conclusion
2.1 Basic scenarios
Observation 1:          In Rel-16, the “Tx” in cases means Tx chain ability which can be further configured by NW for Tx transmission, but this interpretation seems have no impact to RAN4 requirement definition.

Observation 2:          In Rel-17, two general scenarios are included, i.e. switch between 2Tx at low band and 2Tx at high band, switch between 1CC at low band and 2 contiguous CC at high band
Observation 3:          Switching between case1/2, between case2/3, among case1/2/3 are also listed in WID, however, there is no much difference among these scenarios in terms of switching time requirements and can be considered together.
2.2 UE architectures
Observation 4:          The UE architecture for Tx switching from Rel-16 to Rel-17 is minor, and the switching time for Rel-16 can be reused.

Proposal 1:               It is proposed to reuse the Rel-16 time mask for Tx switching scenarios in Rel-17.
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