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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1#104bis-e, very good progress was made for Rel-17 Tx switching enhancements, with following agreements achieved. 

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.


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 
a) for 2Tx-2Tx switching between two uplink carriers, and 
b) 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


As raised in FL summary document R1-2103782, for 2Tx-2Tx switching between two uplink carriers, 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)
To address this issue, following alternatives has been discussed in RAN1#104bis-e
· 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.
To avoid introducing complicated gNB singling scheme, we prefer either alt 1 or alt 3. In Alt 1, the UE Tx chain state after switching can be hard-coded for the ambiguous scenarios, e.g. the scenario 1 and scenario 2 above. In Alt 3, the UE Tx chain state after switching can be determined by UE implementation, which means network scheduling shall take such UE state ambiguity into account when scheduling the follow-up transmissions, e.g. by reserve sufficient gap to allow potential UE state switching. 
[bookmark: _GoBack]Proposal 1: For 2Tx-2Tx switching between two uplink carriers and when the UE Tx chain state could be ambiguous, to down-select between following alternatives: 
· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.
· Alt 3: The state of Tx chains after Tx switching is determined by UE.



2.2 The presence of UE switching gap
For 2Tx-2Tx switching between two uplink carriers
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 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 2
	0T+2T
	0P+2P, 0P+1P

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


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 switching gap should be expected for the following cases
· For SUL and UL CA Option 1 (i.e. “switchedUL” mode) the switching gap is required when the transmissions switches between the two carriers, which includes the following cases
· 1P on one carrier -> 1P on another carrier
· 1P on one carrier -> 2P on another carrier
· 2P on one carrier -> 1P on another carrier
· 2P on one carrier -> 2P on another carrier (new switching scenario in Rel-17)
· For UL CA Option 2 (“dualUL” mode), the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either carrier 1 or carrier 2
· The current state is 0T+2T and 1P or 2P is scheduled on carrier 1
· The current state is 2T+0T and 1P or 2P is scheduled on carrier 2

Proposal 2: For 2Tx-2Tx switching between two uplink carriers
· For SUL and UL CA Option 1 (i.e. “switchedUL” mode) the switching gap is required when the transmissions switches between the two carriers, which includes the following cases
· 1P on one carrier -> 1P on another carrier
· 1P on one carrier -> 2P on another carrier
· 2P on one carrier -> 1P on another carrier
· 2P on one carrier -> 2P on another carrier (new switching scenario in Rel-17)
· For UL CA Option 2 (“dualUL” mode), the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either carrier 1 or carrier 2
· The current state is 0T+2T and 1P or 2P is scheduled on carrier 1
· The current state is 2T+0T and 1P or 2P is scheduled on carrier 2

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 3: 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, to down-select between following alternatives: 
· Alt 1: The state of Tx chains after Tx switching is predefined in the specifications.
· Alt 3: The state of Tx chains after Tx switching is determined by UE.

Proposal 2: For 2Tx-2Tx switching between two uplink carriers
· For SUL and UL CA Option 1 (i.e. “switchedUL” mode) the switching gap is required when the transmissions switches between the two carriers, which includes the following cases
· 1P on one carrier -> 1P on another carrier
· 1P on one carrier -> 2P on another carrier
· 2P on one carrier -> 1P on another carrier
· 2P on one carrier -> 2P on another carrier (new switching scenario in Rel-17)
· For UL CA Option 2 (“dualUL” mode), the switching gap is required when 
· The current state is 1T+1T and 2P is scheduled on either carrier 1 or carrier 2
· The current state is 0T+2T and 1P or 2P is scheduled on carrier 1
· The current state is 2T+0T and 1P or 2P is scheduled on carrier 2

Proposal 3: 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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