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Introduction
RAN Plenary #91 approved the Work Item “RF requirements enhancement for NR frequency range 1 (FR1)”, which included enhancements to Rel-17 UL Tx switching [1]. After long discussions, the Rel-17 UL Tx switching feature was completed and the RAN1 CRs [2, 3] were approved.  Unfortunately, the UE capability discussion in RAN1 is in a deadlock and nothing was agreed after three meetings.
In this paper, we briefly introduce the RAN1 status and present our views on the potential new UE capability.

RAN1 related agreements and capability discussion
In Rel-16 it was agreed to introduce two switching options for UL inter-band CA, which are Option 1 – SwitchedUL, and Option 2 – DualUL. The major difference between the two options is that Option 2 allows simulatenous transmission from two bands, while Option 1 doesn’t. A Rel-16 UE needs to report which switching option it supports, together with other switching capabilities, where the reported capability value could be one of “Option 1”, “Option 2” and “Option 1 and Option 2”.
On top of switching between 1Tx band and 2Tx band in Rel-16, Rel-17 allows switching between two 2Tx bands and one of the bands could be with two contiguous carriers. Table 1 is a comparison of switching cases between Rel-16 and Rel-17. 
Table 1 Switching cases comparison between Rel-16 and Rel-17, inter-band CA
	Switching option
	Rel-16
	Rel-17

	Option 1
		
	Number of Tx chains (carrier 1 + carrier 2)

	Case 1
	1T+0T

	Case 2
	0T+2T



		
	Number of Tx chains (band 1 + band 2)

	Case 2
	0T+2T

	Case 3
	2T+0T




	Option 2
		
	Number of Tx chains (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T



		
	Number of Tx chains (band 1 + band 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T






To extend the specification and cover the new switching case, there are some key issues requiring ASN.1 impact as follows 
· Switching mechanism between the 2Tx and 2Tx bands, which requires a new switching case (case 3 in Table 1) in addition to Rel-16 two cases.
· When the switching target case is not unique, a new RRC IE is configured to indicate the prioritized target case.
· UE would report 2Tx-2Tx and 1Tx-2Tx switching time, a new RRC IE is configured to indicate when using 2Tx-2Tx switching time and when using 1Tx-2Tx switching time.

As the above new UE & network behaviors would require changes of physical and upper layer specs, some companies, including Qualcomm, support to introduce new UE capability to indicate which switching option the UE is capable of. However, there were other views expressed in the RAN1 discussion, which prefer to leverage Rel-16 switching option signaling together with Rel-17 uplinkTxSwitchingPeriod2T2T or switching band pair to indicate a Rel-17 UE switching options. RAN1 unfortunately could not get any consensus after three meetings’ discussion and likely would not be able to reach any consensus in the near future. We summary current issue as below:
· For Rel-17 UL Tx switching, RAN1 has the consensus as below:
· Rel-17 supports 2Tx-2Tx inter-band UL Tx switching as a new optional UE feature (which was not supported in Rel-16).
· The gNB needs to know whether the UE supports this feature and supporting options of the Rel-17 feature 2Tx-2Tx UL Tx switching.
· RAN1 doesn’t have consensus on how to inform gNB with the new UE capability and supporting options between the following two alternatives
· Alt.1: A new Rel-17 capability to signal supporting options of the Rel-17 feature 2Tx-2Tx UL Tx switching. 
· Alt.2: Use the combination of FG 22-1 and uplinkTxSwitchingPeriod2T2T or Rel-17 switching band combination.

[bookmark: OLE_LINK4]Some companies, including Qualcomm, think RAN2 should be the right WG to define & interpret the capability signaling encoding methods for new features. In the RAN1#109-emeeting, some companies, including Qualcomm, proposed to inform RAN2 about the current deadlock, and ask RAN2 to handle this issue in their most convenient way, based on the earlier RAN1 agreements on the two switching options & switching mechanisms. However, RAN1 unfortunately could not even reach consensus on sending the LS. Trying to resolve this deadlock and complete the Rel-17 feature on time, we propose RAN to ask RAN2 to handle this issue based on RAN1 agreements on Rel-17 UL Tx switching. For convenience, we list RAN1’s related agreements in the Annex.
[bookmark: OLE_LINK2][bookmark: _Ref473802466][bookmark: _Ref462669569]Proposal: RAN to ask RAN2 to define and/or interpret the capability signaling for switching options of inter-band CA based on the RAN1 agreements for Rel-17 UL Tx switching.
Conclusions
For Rel-17 UL Tx switching UE capability, we have the following proposal:

Proposal: RAN to ask RAN2 to define and/or interpret the capability signaling for switching options of inter-band CA based on the RAN1 agreements for Rel-17 UL Tx switching.
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Annex – Rel-17 RAN1 agreements 
1.1 Agreements at RAN1#107
Agreement
For a UE capable of 2Tx-2Tx switching and configured with UL Tx switching via uplinkTxSwitching, to differentiate the switching delay for 1Tx-2Tx switching from that for 2Tx-2Tx switching, a new RRC parameter is used to indicate 1Tx-2Tx switching mode or 2Tx-2Tx switching mode.
· If 1Tx-2Tx mode is derived by the new RRC parameter, then there is one uplink (or one uplink band in case of intra-band) configured with uplinkTxSwitching, on which the maximum number of antenna ports among all configured P-SRS/A-SRS and activated SP-SRS resources should be 1 and non-codebook based UL MIMO is not configured. RAN1 assume the uplink is configured with RRC parameter “carrier1” by RAN2.
· The default value of the new RRC parameter is 1Tx-2Tx switching mode.
· In a configured switching mode, the switching gap duration for a triggered uplink switching is equal to the switching time capability value reported for the switching mode.
· Note: This RRC parameter doesn’t imply any restriction on application of non-codebook transmission together with UL Tx switching.

1.2 Agreements at RAN1#106b-e
Agreement:
· For UL-CA Option2, if UL Tx switching is triggered for 1-port transmission on a carrier and the state of Tx chains after the UL Tx switching is not unique, introduce a new RRC parameter to configure between 1) and 2) 
· 1) The state of Tx chains supporting 2Tx transmission on the carrier is assumed.
· 2) 1Tx on carrier 1 and 1Tx on carrier 2 is assumed.

1.3 Agreements at RAN1#106-e
Agreements:
· 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.

Agreements:
· 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: 
· 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.

Agreements:
· 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. 


1.4 Agreements at RAN1#105-e

Agreements:
· 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.

Agreements:
· 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.

1.5 Agreements at RAN1#104b-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.
	[bookmark: _Hlk104587173]
	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.
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