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Discussion
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 last RAN1 meeting, 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 this contribution, we mainly discuss the switching mechanisms for Rel-17 uplink Tx switching.
2      2Tx-2Tx switching between two uplink carriers
In last RAN1 meeting, the switching mechanism for 2Tx-2Tx switching between two uplink carriers for SUL and CA option 1 was discussed in two kinds of ways.
Alt 1: from the presence of the switching period perspective
· For standalone SUL and UL CA Option1, if 2Tx-2Tx UL Tx switching between two uplink carriers is configured, the switching period is only applicable when the UL transmissions are switched between carrier 1 and carrier 2.

Alt 2: from reusing Rel-16 specification perspective

· For a UE configured with higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.

· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.2 of TS 38.214 is reused with the following add-on.

· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the two carriers.

In our understanding, there is not much difference between these two kinds of ways. Considering that for SUL and UL CA Option1, the basic principle of Rel-16 1Tx-2Tx switching between two uplink carriers can be extended to Rel-17 2Tx-2Tx switching between two uplink carriers, we slightly prefer Alt 2.
Proposal 1:
· For a UE configured with higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.

· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.2 of TS 38.214 is reused with the following add-on.

· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the two carriers.

For UL CA option 2, in last meeting, companies are fine with the switching mechanism, while the main controversial point is whether the note “Note: No spec change to power configuration and power control” should kept or removed. In our understanding, it does not make much difference. There is also concern whether it has RAN4 impact. To address this issue, maybe we can restrict the note only for RAN1.
Proposal 2:
· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between two uplink carriers 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 carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on either carrier 1 or carrier 2.

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

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

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

· Note: No spec change to power configuration and power control in RAN1.

For UL CA Option 2, since there are three cases of the mapping between UL transmission ports and Tx chain, the situation for Rel-17 2Tx-2Tx switching is more complicated than Rel-16 1Tx-2Tx switching. The switching period is applicable in the following cases:
· If the current state of Tx chains is 1Tx on carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on either carrier 1 or carrier 2.

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

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

However, the state of Tx chains after Tx switching may not be unique in some cases. For instance, if the current state of Tx chains is 0T+2T and the next UL transmission is 1-port transmission on carrier 1, since 1P+0P can be mapped to either 1T+1T or 2T+0T, then what’s the state of Tx chains after Tx switching? Another example, if the current state of Tx chains is 2T+0T and the next UL transmission is 1-port transmission on carrier 2, since 0P+1P can be mapped to either 1T+1T or 0T+2T, then what’s the state of Tx chains after Tx switching? This issue can be solved by one of the following methods.
· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.
· Alt 2: The state of Tx chains after Tx switching is indicated by Network.

· Alt 3: The state of Tx chains after Tx switching is determined by UE.
Proposal 3: Down select on the following alternatives to address the issue that the state of Tx chains after Tx switching may not be unique.
· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.

· Alt 2: The state of Tx chains after Tx switching is indicated by Network.

· Alt 3: The state of Tx chains after Tx switching is determined by UE.
3      Uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B

The switching mechanism for Rel-16 1Tx-2Tx switching between two uplink carriers can be extended to support Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B. While the switching mechanism for Rel-17 2Tx-2Tx switching between two uplink carriers can be extended to support Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B. 

Proposal 4: 

· 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 5: 

· 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 6: 

· 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 applied to 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B.
4      Conclusion
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 higher layer parameter supplementaryUplink and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.3 of TS 38.214 is reused.

· For a UE configured with UL CA Option 1 and with 2Tx-2Tx UL Tx switching between two uplink carriers, the mechanism of uplink switching specified in S6.1.6.2 of TS 38.214 is reused with the following add-on.

· When the UE is to transmit a 2-port transmission on one uplink carrier and if the preceding uplink transmission is a 2-port transmission on another uplink carrier, then the UE is not expected to transmit for the duration of NTx1-Tx2 on any of the two carriers.

Proposal 2:
· For inter-band UL CA, if 2Tx-2Tx UL Tx switching between two uplink carriers 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 carrier 1 and 1Tx on carrier 2, the next UL transmission has a 2-port transmission on either carrier 1 or carrier 2.

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

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

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

· Note: No spec change to power configuration and power control in RAN1.

Proposal 3: Down select on the following alternatives to address the issue that the state of Tx chains after Tx switching may not be unique.

· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.

· Alt 2: The state of Tx chains after Tx switching is indicated by Network.

· Alt 3: The state of Tx chains after Tx switching is determined by UE.
Proposal 4: 

· 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 5: 

· 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 6: 

· 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. 
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