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1      Introduction
In RAN #89 e-meeting, a new Rel-17 WID of “RF requirements enhancement for NR frequency range 1 (FR1)” [1] was approved and was revised in RAN #91 e-meeting [2], including following objectives.

· 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 or non-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.

In RAN1 #104e, the mapping between UL transmission ports and Tx chain for 2Tx-2Tx switching between two uplink carriers and uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B was agreed. In RAN1 #105e, the switching mechanisms for 2Tx-2Tx switching between two uplink carriers was agreed. In this contribution, we discuss the switching mechanisms for uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, and the remaining issues for 2Tx-2Tx switching between two uplink carriers.
2      Remaining issues for 2Tx-2Tx switching between two uplink carriers
In RAN1 #105e, it was discussed how to handle the case that the state of Tx chains after Tx switching may not be unique for UL CA option 2 and the following agreement was achieved. 

Agreement:

· For a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, if the state of Tx chains after UL Tx switching is not unique, a rule to determine the state of Tx chains after Tx switching is to be specified.

· FFS: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed, e.g. the carrier with uplinkTxSwitchingPeriodLocation configured as false.

If a UE is configured with 2Tx-2Tx UL Tx switching, it means this UE can be scheduled with 2Tx transmission on any of the two carrier with high probability. In this sense, in case that the state of Tx chains after Tx switching is uncertain, the state of Tx chains supporting 2Tx transmission is preferred. Thus, we have following proposal. 
Proposal 1:

· For a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, 

· If the current state of Tx chains is 0T on carrier 1 and 2T on carrier 2, and if the next UL transmission is 1-port transmission on carrier 1, the state of Tx chains after Tx switching is 2T on carrier 1 and 0T on carrier 2.
· If the current state of Tx chains is 2T on carrier 1 and 0T on carrier 2, and if the next UL transmission is 1-port transmission on carrier 2, the state of Tx chains after Tx switching is 0T on carrier 1 and 2T on carrier 2.
3      Uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B

In RAN1 #105e, the basic principle for uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B was discussed. The latest proposal is as follows:
· For inter-band UL-CA and SUL, for Rel-17 1Tx-2Tx/2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the contiguous uplink carriers on band B should be considered as a single uplink carrier for the purpose of UL Tx switching, i.e. 

· FFS: with respect to the determination of uplink switching triggering, the presence of transmission occasion on any one uplink carrier on Band B is equivalent to the presence of transmission occasion on any other uplink carrier(s) on Band B.

· FFS: no uplink switching is triggered if the presence of transmission occasion is on one uplink carrier on Band B and the preceding uplink transmission occasion is on other uplink carrier(s) on Band B.
· FFS: In evaluating the antenna ports for determination of UL Tx switching, the larger ports number among the scheduling for CC2 and CC3 on band B is used.

Although companies tend to agree with the main bullet of the above proposal, it seems companies still have different understandings on the details. Considering the situation, we suggest to discuss the detailed switching mechanism. We have following proposals. 
Proposal 2: 

· For SUL and UL CA option 1, if 1Tx-2Tx UL Tx switching or 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured, the switching period is only applicable when the UL transmissions are switched between band A and band B.
Proposal 3: 

· For inter-band UL CA, if 1Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured is configured: 
· For option 2 of mapping between UL transmission ports and Tx chain
· The switching period is only applicable in the following cases:
· If the current state of Tx chains is 1 Tx on band A and 1Tx on band B, the next UL transmission has a 2-port transmission on at least one carrier on band B.
· If the current state of Tx chains is 0 Tx on band A and 2Tx on band B, the next UL transmission has a 1-port transmission on the carrier on band A.
· For other cases, the state of Tx chains of last UL transmission is assumed.
Proposal 4: 

· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured: 
· For option 2 of mapping between UL transmission ports and Tx chain
· The switching period is only applicable in the following cases:
· If the current state of Tx chains is 1Tx on band A and 1Tx on band B, the next UL transmission has a 2-port transmission on the carrier on band A or at least one carrier on band B.
· If the current state of Tx chains is 0Tx on band A and 2Tx on band B, the next UL transmission has a 1-port or 2-port transmission on the carrier on band A.
· If the current state of Tx chains is 2Tx on band A and 0Tx on band B, the next UL transmission has a 1-port or 2-port transmission on at least one carrier on band B.
· For other cases, the state of Tx chains of last UL transmission is assumed. 
Regarding the uncertain state of Tx chains after Tx switching, the same principle for 2Tx-2Tx switching between two uplink carriers can be extended to 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.
Proposal 5:

· For a UE configured with 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B and configured with UL CA Option 2, 

· If the current state of Tx chains is 0T on band A and 2T on band B, and if the next UL transmission is 1-port transmission on band A, the state of Tx chains after Tx switching is 2T on band A and 0T on band B.

· If the current state of Tx chains is 2T on band A and 0T on band B, and if the next UL transmission is 1-port transmission on at least one carrier on band B, the state of Tx chains after Tx switching is 0T on band A and 2T on band B.
4      Conclusions
In this contribution, we discussed the switching mechanisms for Rel-17 uplink Tx switching. Based on the discussion, we have following proposals.
Proposal 1:

· For a UE configured with 2Tx-2Tx UL Tx switching between two uplink carriers and configured with UL CA Option 2, 

· If the current state of Tx chains is 0T on carrier 1 and 2T on carrier 2, and if the next UL transmission is 1-port transmission on carrier 1, the state of Tx chains after Tx switching is 2T on carrier 1 and 0T on carrier 2.

· If the current state of Tx chains is 2T on carrier 1 and 0T on carrier 2, and if the next UL transmission is 1-port transmission on carrier 2, the state of Tx chains after Tx switching is 0T on carrier 1 and 2T on carrier 2.
Proposal 2: 

· For SUL and UL CA option 1, if 1Tx-2Tx UL Tx switching or 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured, the switching period is only applicable when the UL transmissions are switched between band A and band B.

Proposal 3: 

· For inter-band UL CA, if 1Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured is configured: 

· For option 2 of mapping between UL transmission ports and Tx chain

· The switching period is only applicable in the following cases:

· If the current state of Tx chains is 1 Tx on band A and 1Tx on band B, the next UL transmission has a 2-port transmission on at least one carrier on band B.

· If the current state of Tx chains is 0 Tx on band A and 2Tx on band B, the next UL transmission has a 1-port transmission on the carrier on band A.

· For other cases, the state of Tx chains of last UL transmission is assumed.
Proposal 4: 

· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B is configured: 

· For option 2 of mapping between UL transmission ports and Tx chain

· The switching period is only applicable in the following cases:

· If the current state of Tx chains is 1Tx on band A and 1Tx on band B, the next UL transmission has a 2-port transmission on the carrier on band A or at least one carrier on band B.

· If the current state of Tx chains is 0Tx on band A and 2Tx on band B, the next UL transmission has a 1-port or 2-port transmission on the carrier on band A.

· If the current state of Tx chains is 2Tx on band A and 0Tx on band B, the next UL transmission has a 1-port or 2-port transmission on at least one carrier on band B.

· For other cases, the state of Tx chains of last UL transmission is assumed. 
Proposal 5:

· For a UE configured with 2Tx-2Tx UL Tx switching between 1 carrier on band A and 2 carriers on band B and configured with UL CA Option 2, 

· If the current state of Tx chains is 0T on band A and 2T on band B, and if the next UL transmission is 1-port transmission on band A, the state of Tx chains after Tx switching is 2T on band A and 0T on band B.

· If the current state of Tx chains is 2T on band A and 0T on band B, and if the next UL transmission is 1-port transmission on at least one carrier on band B, the state of Tx chains after Tx switching is 0T on band A and 2T on band B.
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