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1. Introduction
[bookmark: _GoBack]UL Tx switching mechanism is introduced in Rel-16, to support 1Tx-2Tx switching between two uplink carriers for EN-DC, SUL and CA. In Rel-17, since two transmitters are enabled for more NR bands, it is agreed to extend UL Tx switching to support following scenarios, see WID in [1].
· 2Tx-2Tx switching between two uplink carrier for SUL and UL CA;
· 1Tx-2Tx switching and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA. 
In general, RAN2’s work is to define corresponding UE capability and new RRC control signalling based on the inputs from RAN1 and RAN4. So far, RAN2 has received two LS [2][3] from RAN4 and RAN1.
In this contribution, we discussed the capability signalling, mainly on some identified issues that need clarification with RAN4 and RAN1.
2. Background
Based on RAN4 LS [2] and the agreements made in RAN1 last meeting, we summarized UL Tx switching scenarios as below. The new scenarios are named by Scenario 2-1 to Scenario 3-4. The mapping between UL transmission ports and Tx chain for each new scenario is provided in Annex. 


Figure 1 UL Tx switching scenarios in Rel-16 and Rel-17
3. Discussion
In Rel-16, a UE supporting UL Tx switching can indicate its capability via a specific BC list (i.e. BandCombination-UplinkTxSwitch-r16). And for a given BC, the UE can indicate which UL Tx switching option (e.g. switchedUL, dualUL, both) and whether power boosting are supported. In addition, UE can indicate the specific band pair(s) that supports (1Tx-2Tx) UL Tx switching (i.e. supportedBandPairListNR-r16). For each band pair, the UE can report corresponding Tx switching period length and DL interruption bitmap.
BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {
    bandCombination-r16                 BandCombination,
    bandCombination-v1540               BandCombination-v1540                      OPTIONAL,
    bandCombination-v1560               BandCombination-v1560                      OPTIONAL,
    bandCombination-v1570               BandCombination-v1570                      OPTIONAL,
    bandCombination-v1580               BandCombination-v1580                      OPTIONAL,
    bandCombination-v1590               BandCombination-v1590                      OPTIONAL,
    bandCombination-v1610               BandCombination-v1610                      OPTIONAL,
    supportedBandPairListNR-r16         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r16,
    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,
    uplinkTxSwitching-PowerBoosting-r16 ENUMERATED {supported}                     OPTIONAL,
    ...
}

BandCombination-UplinkTxSwitch-v1630 ::=    SEQUENCE {
    bandCombination-v1630                       BandCombination-v1630              OPTIONAL
}

ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}
The reporting granularity of UL Tx switching related capabilities are summarized in below table:
Table 1 Reporting granularity of Rel-16 UL Tx switching capabilities
	UE capability
	IE name
	Level

	supported BC
	bandCombination-r16 in BandCombination-UplinkTxSwitch-r16
	Per-UE

	supported band pair
	suportedBandPairListNR-r16
	per band pair per BC

	supported option
i.e. Option1 (switchedUL), Option2 (dualUL), both
	uplinkTxSwitching-OptionSupport-r16
	per BC

	power boosting
	uplinkTxSwitching-PowerBoosting-r16
	per BC

	Tx switching period length
	uplinkTxSwitchingPeriod-r16
	per band pair

	DL interruption
	uplinkTxSwitching-DL-Interruption-r16
	per band pair


As indicated in Figure 2, for Rel-17 UL Tx switching enhancement, more scenarios will be considered. Strictly speaking, reusing Rel-16 BC list can reduce specification maintenance effort. However, if we decide to extend Rel-16 BC list to support Rel-17 capability reporting, there are several aspects need to be investigated.
Aspect 1: For a given BC, irrespective of supported UL Tx switching scenarios (e.g. 2-carriers or 3-carriers, 1Tx-2Tx or 2Tx-2Tx), whether UE supports the same value of “UL Tx switching option” and “power boosting” capabilities?
Based on the Rel-16 ASN.1 design and Table 1, both UL Tx switching option and power boosting capabilities are reported as per-BC level. If we simply reuse the same BC list for Rel-17 scenarios without introducing Rel-17 switching option and power boosting capability fields, the existing capabilities will be shared among different scenarios. For instance, for a given BC, if UE indicates the support of both 1Tx-2Tx and 2Tx-2Tx UL Tx switching, then the UE must support the same switching option (e.g. switchedUL, dualUL or both) for those cases.
In our understanding, it is possible that a UE can support Option 2 (dualUL) for 1Tx-2Tx but Option 1 (switched UL) for 2Tx-2Tx, because it may have less motivation to support 1+1 transmission in such case. However, we need to clarify to RAN4, in order to decide whether separate “UL Tx switching option” and “power boosting” capabilities are needed.    
Proposal 1:  	Clarify to RAN4, for a given BC, whether a UE can support different “UL Tx switching option” and “power boosting” capabilities for different supported UL Tx switching scenarios (e.g. 2-carriers or 3-carriers, 1Tx-2Tx or 2Tx-2Tx). 
Aspect 2: For a given band pair of a BC, whether the switching time and DL interruption reported for Tx switching in 2-carriers scenario can be different from that reported for Tx switching in 3-carrier scenario (if both scenarios are supported)?
As shown in Figure 2, for 2-carriers UL Tx switching, Rel-16 capabilities can already capture 1Tx-2Tx scenario, and switching period and DL interruption capabilities are reported as per-band pair level. However, in case of 3-carriers, the 2 CCs on Band B are contiguous, so they will be reported as a single band entry in bandCombination-r16. From network perspective, it is impossible to differentiate whether the band pair is for 2-carriers or 3-carriers scenario.  
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {
    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),
    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),
    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},
    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL
}
In RAN1 LS [3], RAN1 asks RAN4 the 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.


However, the question does not involve all cases, for instance, below two are not covered:
· Whether the switching time reported for 1Tx-2Tx switching in 2-carriers scenario can be different from that reported for 1Tx-2Tx switching in 3-carrier scenario?
· Whether the switching time reported for 2Tx-2Tx switching in 2-carriers scenario can be different from that reported for 2Tx-2Tx switching in 3-carrier scenario?
Observation 1:  Regarding switching time for different scenarios, the clarification question mentioned in RAN1 LS did not cover all the cases.  
The answer to above questions definitely impacts the signalling design in RAN2, so to make it clear, we suggest to ask RAN4 more scenarios on top of RAN1 LS.
Proposal 2:  	Clarify to RAN4, for a given band pair in a BC, whether a UE can report different switching period and DL interruption capability values in each of following cases:
· Case 1: 1Tx-2Tx switching between two uplink carriers and 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers;
· Case 2: 2Tx-2Tx switching between two uplink carriers and 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers. 
Aspect 3: For a given BC, whether a UE supporting Rel-17 UL Tx switching must support Rel-16 UL Tx switching (1Tx-2Tx)?
Based on the ASN.1 design in Rel-16, within BandCombination-UplinkTxSwitch-r16 structure, all parameters except supportedBandPairListNR-r16 are defined as Optional fields. Which means, as long as UE reports a BC that supporting UL Tx switching, the UE must report at least one band pair in supportedBandPairListNR-r16. Since supportedBandPairListNR-r16 is used to indicate (at least) the support of 1Tx-2Tx UL Tx switching for 2-carriers. Due to this “mandatory” design, for a given BC, a UE supporting Rel-17 UL Tx switching should indicate the support of Rel-16 UL Tx switching for at least one band pair in that BC.
In our understanding, it makes sense to confirm with RAN4 about this restriction, and to check if they have any technical concern. 
Proposal 3:  	Clarify to RAN4, for a given BC, whether there is restriction that a UE supporting Rel-17 UL Tx switching must support Rel-16 UL Tx switching for at least one band pair in that BC.
For Proposal 1~3, the draft LS is provided in [4]. 
Proposal 4:  	Approve the LS in [4].
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1:  Regarding switching time for different scenarios, the clarification question mentioned in RAN1 LS did not cover all the cases.  
Proposal 1:  	Clarify to RAN4, for a given BC, whether a UE can support different “UL Tx switching option” and “power boosting” capabilities for different supported UL Tx switching scenarios (e.g. 2-carriers or 3-carriers, 1Tx-2Tx or 2Tx-2Tx). 
Proposal 2:  	Clarify to RAN4, for a given band pair in a BC, whether a UE can report different switching period and DL interruption capability values in the following two cases:
· Case 1: 1Tx-2Tx switching between two uplink carriers and 1Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers;
· Case 2: 2Tx-2Tx switching between two uplink carriers and 2Tx-2Tx switching between 1 carrier on Band A and 2 contiguous carriers. 
Proposal 3:  	Clarify to RAN4, for a given BC, whether there is restriction that a UE supporting Rel-17 UL Tx switching must support Rel-16 UL Tx switching for at least one band pair in that BC.
Proposal 4:  	Approve the LS in [4].
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6. Annex
Extracted from RAN1#104bis-e Agreements
· Scenario 2-1
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



· Scenario 2-2
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



· Scenario 3-1
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) 




· Scenario 3-2
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) 



· Scenario 3-3
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)



· Scenario 3-4
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)
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