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1. Introduction
Uplink Tx switching has been extended to the following scenarios in Rel-17 FR1 RF requirements enhancement WI (with the latest WID in RP-210899)[1]: 
· Scenario1: 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· Scenario2: 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
At RAN2#113bis-e, there was some discussion on this topic,  was discussed in RAN2 113 bis E meeting was postponed due to more RAN1 inputs are needed. 
In this contribution we will discusse the R17 TX switching enhancements based on RAN1 progress at RAN1#104bis-e [2]. 
2. Discussion
2.1. Backgrounds
During RAN1#104bis-e[2], there were new agreements on R17 TX switching which are listed as below.
· 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.
Next check point: 4/19
· 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 R16 TX Swithcing, the following options and cases are supported: 
For inter-band UL CA, if UE reports via capability signaling to support uplink Tx switching, UE further reports via capability signaling which option (between Option 1 and Option 2) is supported.
· Option 1: If uplink Tx switching is configured, UE is not expected to be scheduled or configured with UL transmission on carrier 2 for case 1. 
	 
	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

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


· Option 2: If uplink Tx switching is configured, UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 for case 1.
· UE can be scheduled or configured with UL transmission on either carrier 1 or carrier 2.
· UE can be scheduled or configured with UL transmission on both carrier 1 and carrier 2 simultaneously.
	 
	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


Based on Relase 16 works and current Release 17 progress on TX switching, it is noticeable that both swiched UL mode(Option 1) and dual UL modes(option 2) are supported.
Observation 1: Compared to R16, R17 TX switching also supports both Swiched UL mode(Option 1) and dual UL modes(option 2) as shown in Table 1.
Table 1: R16 and R17 TX switching support of both Swiched Option 1 and option 2
	TX switching
	Option1 (switched UL mode)
	Option2(dual UL mode)

	R16 1TX-2TX switching 
	Only two UL carriers 
	Only two UL carriers

	R17 1TX-2TX switching 
	 three UL carriers
	three UL carriers

	R17 2TX-2TX switching
	Both  two UL carriers and three UL carriers
	Both  two UL carriers and three UL carriers



2.2. Capbility report for R17 Tx switching
RAN1 has sent a LS to ask RAN4 whether the switching time reported by a UE for 2Tx-2Tx switching can be different from that reported by the UE for 1Tx-2Tx switching in three carriers case. RAN4 also was dissussing the  detailed Switching time mask related requirements. From the UE implementation point of view, at least granularity of UE capability for TX switching should be differentinated for different cases. Based on summary from above, we can categorize the TX switching enhancement into the below sub capabilities. 
· R16 1TX-2TX switching (Two UL carriers)  existing 
· R17 1TX-2TX switching (Three UL carriers)
· R17 2TX-2TX switching (Two UL carriers)
· R17 2TX-2TX switching (Three UL carriers)
Proposal 1 UE should report three new R17 capabilities for TX switching based on supported Tx switching type and carrier number as below: 
· R17 1TX-2TX switching (Three UL carriers)
· R17 2TX-2TX switching (Two UL carriers)
· R17 2TX-2TX switching (Three UL carriers)
In R16 1TX-2TX switching (Two UL carriers), UL Tx Switching Band Pair and uplink Tx Switching-Option are reported for R16 TX swiching per band combination. R17 TX switching also has these two options and two bands for TX Switching. UL Tx Switching Band Pair and uplink Tx Switching-Option can be reported per three new R17 TX switching sub capabilities. 
Proposal 2 UL Tx Switching Band Pair and uplink Tx Switching-Option can be  reported per three new R17 capabilities for R17 TX switching per band combination. 
2.3. RRC configuration for R17 switching
In R16 uplink Tx Switching Option, uplink Tx Switching Period Location and uplink Tx Switching Carrier types are configured to enable the R16 TX switching.
	
uplinkTxSwitchingOption
Indicates which option is configured for dynamic UL Tx switching for inter-band UL CA or EN-DC. The field is set to switchedUL if network configures option 1 as specified in TS 38.214 [19], or dualUL if network configures option 2 as specified in TS 38.214 [19]. Network always configures UE with a value for this field in inter-band UL CA case and EN-DC case where UE supports dynamic UL Tx switching.
uplinkTxSwitchingPeriodLocation
Indicates whether the location of UL Tx switching period is configured in this uplink carrier in case of inter-band UL CA, SUL, or EN-DC, as specified in TS 38.101-1 [15] and TS 38.101-3 [34]. In case of inter-band UL CA or SUL, network configures this field to TRUE for one of the uplink carriers involved in dynamic UL TX switching and configures this field in the other carrier to FALSE. In case of EN-DC, network always configures this field to TRUE for NR carrier (i.e. with EN-DC, the UL switching period always occurs on the NR carrier).
uplinkTxSwitchingCarrier
Indicates that the configured carrier is carrier1 or carrier2 for dynamic uplink Tx switching, as defined in TS 38.101-1 [15] and TS 38.101-3 [34]. In case of inter-band UL CA or SUL, network configures one of the two uplink carriers involved in dynamic UL TX switching as carrier1 and the other as carrier2. In case of EN-DC, network always configures the NR carrier as carrier 2.



In R17 uplinkTxSwitching Option, uplinkTxSwitchingPeriod Location and uplinkTxSwitchingCarrier types are also needed. The uplink Tx Switching Carrier types can be extended to three carriers.
Proposal 3 In R17 uplinkTxSwitching Option, uplinkTxSwitchingPeriod Location and uplinkTxSwitchingCarrier types are also needed. The uplink Tx Switching Carrier types can be extended to three carriers.
For one band combination, the network can explicity configure the UE with one TX switching capability, there maybe some fallback relations between R16 and R17 TX switching based on the UE MIMO capability reporting puls R16 and R17 TX switching capability report. However there will be no ambiguty for the UE to switch the TX if the network can  configure the UE with TX operation type explicitly. One of Three configuration types can be added per CC with uplinkTxSwitchingPeriod Location and uplinkTxSwitchingCarrier types . 
· Type1: R17 1TX-2TX switching (Three UL carriers) configuration 
· Type2: R17 2TX-2TX switching (Three UL carriers) configuration 
· Type3: R17 2TX-2TX switching (Three UL carriers) configuration 
Proposal 4 [bookmark: _Hlk71539718]One of Three configuration types below can be added per CC with uplinkTxSwitchingPeriod Location and uplinkTxSwitchingCarrier types:
· [bookmark: _GoBack]Type1: R17 1TX-2TX switching (Three UL carriers) configuration 
· Type2: R17 2TX-2TX switching (Three UL carriers) configuration 
· Type3: R17 2TX-2TX switching (Three UL carriers) configuration 

3. Conclusion
Based on the discussion, we have the following observation and proposals:
Observation1: Comparing with R16, R17 TX switching also supports both Swiched UL mode(Option 1) and dual UL modes(option 2). 
Proposal 1 UE should report three new R17 capabilities for TX switching based on supported Tx switching type and carrier number as below: 
· R17 1TX-2TX switching (Three UL carriers)
· R17 2TX-2TX switching (Two UL carriers)
· R17 2TX-2TX switching (Three UL carriers)
Proposal 2 UL Tx Switching Band Pair and uplink Tx Switching-Option can be  reported per three new R17 capabilities for R17 TX switching per band combination. 
Proposal 3 In R17 uplinkTxSwitching Option, uplinkTxSwitchingPeriod Location and uplinkTxSwitchingCarrier types are also needed. The uplink Tx Switching Carrier types can be extended to three carriers.
Proposal 4 One of Three configuration types below can be added per CC with uplinkTxSwitchingPeriod Location and uplinkTxSwitchingCarrier types:
· Type1: R17 1TX-2TX switching (Three UL carriers) configuration 
· Type2: R17 2TX-2TX switching (Three UL carriers) configuration 
· Type3: R17 2TX-2TX switching (Three UL carriers) configuration 
4. References
[1] R2-2102645, LS on Rel-17 Tx switching enhancements
[2] RAN1 Chair’s Notes 104 bis
