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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings very good progress was made for Rel-17 Tx switching enhancements, with following agreements achieved. 
RAN1#104bis-e
Agreements:
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P, 1P+0P


 
Agreements:
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P, 1P+0P


 
Conclusion:
· For uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B,
· If the state of Tx chains is 1Tx on Band A and 1Tx on Band B, 1Tx is available simultaneously on both uplink carriers on band B for a UE.
· If the state of Tx chains is 0Tx on Band A and 2Tx on Band B, 2Tx are available simultaneously on both uplink carriers on band B for a UE.

Agreement:
· Send LS to RAN4 asking following question:
· Question: For UL Tx switching in a band pair of a band combination, whether or not the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching.

Agreement:
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P)

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P) 



Agreement:
For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P)

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



Agreement:
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P) 



Agreement:
For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P)

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



Conclusion:
· For uplink Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, whether Tx switching between 2Tx on Band A and 1Tx on Band A+1Tx on Band B for UL CA option 1 and SUL is included in WID could be clarified by RAN plenary or RAN4.

Latest draft LS (v2) is approved. Final LS in Final LS in R1-2104137.

RAN1#105e
[bookmark: _Hlk72858629]Agreement:
· 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.
Agreement:
· 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.
Agreement:
· 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: For SUL, UL CA option 1 and UL CA option 2, in RAN1 understanding, no spec change to power configuration and power control.
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.

In this contribution, we discuss the major remaining issues in RAN1 for Rel-17 Tx switching enhancements, including the following
1) For 2Tx-2Tx switching between two uplink carriers, the ambiguity issue of Tx chain state transition
2) The presence of switching gap for 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B
2. [bookmark: _Ref37170879][bookmark: _Ref53408156]Discussion 
2.1 The UE Tx chain state ambiguity issue for 2Tx-2Tx carrier switching
For Rel-17 2Tx-2Tx switching between two uplink carriers, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is agreed as follows.
	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P

	Case 3
	2T+0T
	2P+0P, 1P+0P


The UE Tx chain state could be ambiguous for the following scenarios
1) Scenario 1: The current UE state is Case 3 (2T+0T) and 1P is scheduled on carrier 2,  then the next UE state is Case 1 or Case 2? (0P+1P is present in both cases as shown in red above)
2) Scenario 2: The current UE state is Case 2 (0T+2T) and 1P is scheduled on carrier 1, then the next UE state is Case 1 or Case 3?  (1P+0P is present in both cases as shown in green above)
For this issue, it has been agreed to define a rule to determine the Tx chain state after Tx switching, however, there are different options on how to define the rule, as captured in the FL summary R1-2106150.
· 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.
· Alt 4: The state of Tx chains with the most of Tx chains on the most important uplink carrier is assumed.
· FFS: which uplink carrier is the most important one, e.g. the one carrier with uplinkTxSwitchingPeriodLocation configured as false.
Alt 2 and Alt 3 can be ruled our as it is not aligned with the RAN1#105e agreement, therefore the down-selection is between Alt 1 and Alt 4. Alt 1 is simple and the rule can be fixed in the specification, for example, the case 1 (1T+1T) can be assumed for the ambiguous case, which is a balance between carrier 1 and carrier 2. For Alt 4, it is assumed that the carrier not configured with switching gap should have more Tx, but in reality the configuration of switching gap presence does not directly mean the importance of the carrier. For example, the uplink switching gap can be configured in carrier 1 when carrier 2 has limited number of UL resource, but this does not mean carrier 2 is more important than carrier 1. Therefore, to couple the Tx state with the presence of uplink switching gap does not provide meaningful gain in practice but put constraint for gNB when configuring the presence of uplink switching gap between carriers. 

Proposal 1: For 2Tx-2Tx switching between two uplink carriers and when the UE Tx chain state could be ambiguous, the state of Tx chains after Tx switching is fixed in the specification, e.g. assuming Case 1 (1T+1T)



2.2 The presence of UE switching gap
For 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B
For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P)

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P) 


For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for SUL and UL CA Option 1 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P)

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



For Rel-17 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P) 


For Rel-17 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers on Band B, the mapping between UL transmission ports and Tx chain for UL CA Option 2 is defined as follows.
	 
	Number of Tx chains in WID (band A + band B)
	Number of antenna ports for UL transmission (band A (carrier 1) + band B (carrier 2 + carrier 3))

	Case 1
	1T+1T
	1P+(0P+0P), 1P+(1P+0P), 1P+(0P+1P), 1P+(1P+1P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P) 

	Case 2
	0T+2T
	0P+(2P+0P), 0P+(0P+2P), 0P+(2P+2P), 0P+(1P+0P), 0P+(0P+1P), 0P+(1P+1P), 0P+(1P+2P), 0P+(2P+1P)

	Case 3
	2T+0T
	2P+(0P+0P), 1P+(0P+0P)



The same principle as 2Tx-2Tx switching between two carriers can be reused for this case, which means the following
· For Rel-17 switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA Option 1 (i.e. “switchedUL” mode), the switching gap is required when the transmissions switches between the band A and band B, which includes the following cases
· 1P on band A -> 1P on at least one carrier of band B
· 1P on band A -> 2P on at least one carrier of band B
· 2P on band A -> 1P on at least one carrier of band B
· 2P on band A -> 2P on at least one carrier of band B
· 
· For Rel-17 1Tx-2Tx carrier switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for UL CA Option 2 (i.e. “dualUL” mode, the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either band A or at least one carrier of band B
· The current state is 0T+2T and 1P or 2P is scheduled on band A
· The current state is 2T+0T and 1P or 2P is scheduled on at least one carrier of band B
· No switching gap within band B

Proposal 2: For 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B
· For SUL and UL CA Option 1 (i.e. “switchedUL” mode), the switching gap is required when the transmissions switches between the band A and band B, which includes the following cases
· 1P on band A -> 1P on at least one carrier of band B
· 1P on band A -> 2P on at least one carrier of band B
· 2P on band A -> 1P on at least one carrier of band B
· 2P on band A -> 2P on at least one carrier of band B
· 
· For UL CA Option 2 (i.e.“dualUL” mode) , the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either band A or at least one carrier of band B
· The current state is 0T+2T and 1P or 2P is scheduled on band A
· The current state is 2T+0T and 1P or 2P is scheduled on at least one carrier of band B
· No switching gap is required between the 2 contiguous aggregated carriers on band B

3. Conclusion
In this contribution, we discuss the remaining RAN1 issues to support the Rel-17 enhanced UL Tx switching. 
Proposal 1: For 2Tx-2Tx switching between two uplink carriers and when the UE Tx chain state could be ambiguous, the state of Tx chains after Tx switching is fixed in the specification, e.g. assuming Case 1 (1T+1T)

Proposal 2: For 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B
· For SUL and UL CA Option 1 (i.e. “switchedUL” mode), the switching gap is required when the transmissions switches between the band A and band B, which includes the following cases
· 1P on band A -> 1P on at least one carrier of band B
· 1P on band A -> 2P on at least one carrier of band B
· 2P on band A -> 1P on at least one carrier of band B
· 2P on band A -> 2P on at least one carrier of band B
· 
· For UL CA Option 2 (i.e. “dualUL” mode), the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either band A or at least one carrier of band B
· The current state is 0T+2T and 1P or 2P is scheduled on band A
· The current state is 2T+0T and 1P or 2P is scheduled on at least one carrier of band B
· No switching gap is required between the 2 contiguous aggregated carriers on band B
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