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1. Introduction
In RAN2#123 meeting, companies discussed the remaining issues in RRC CR, regarding the new RRC configuration “switching2T-DualUL-r18” (will be renamed to switching2TMode-r18), the following agreements are made: 
	· aligning with Rel-17 UL Tx switching, the RRC configuration switching2T-DualUL-r18 applies to both of dualUL and switchedUL, which simplifies the UE behavior. The field name is changed to switching2TMode-r18
· Specify switching2T-DualUL is always present for band pair(s) when 2Tx-2Tx UL Tx switching is configured (can revisit if there are problems)
· Specify the 1Tx-2Tx/1Tx-1Tx switching period is applied to band pair(s) when switching2T-DualUL is absent


In addition, in RAN#101 meeting, new conclusions are made regarding the supported scenarios for Rel-18 UL Tx switching. In this contribution, we further discuss above RAN2 agreements and whether/how to capture the RANP conclusions in RAN2 specification. 
2. Discussion
2.1.  2Tx-2Tx switching mode
2Tx-2Tx UL Tx switching has been introduced since Rel-17, to support 2Tx-2Tx UL Tx switching, the UE needs to indicate 2Tx-2Tx switching period (uplinkTxSwitchingPeriod2T2T-r17) for a band pair and at the same time, the UE should indicate the support of 2-layers UL MIMO for the two bands. (The explanation of UE capability is shown in Annex)
In Rel-17, in case the UE supports 2Tx-2Tx for a band pair, in RRC configuration, the network can explicitly indicate whether 1Tx-2Tx or 2Tx-2Tx is configured, e.g. If the UL Tx switching is enabled but uplinkTxSwitching-2T-Mode is not provided, then the UE assumes that 1Tx-2Tx is configured, otherwise, the UE is configured with 2Tx-2Tx switching mode. 
-- Configuration of one Cell-Group:
CellGroupConfig ::=                        SEQUENCE {
    cellGroupId                                CellGroupId,
...skip non-related part...
    uplinkTxSwitchingOption-r16                ENUMERATED {switchedUL, dualUL}     OPTIONAL,   -- Need R
    uplinkTxSwitchingPowerBoosting-r16         ENUMERATED {enabled}                OPTIONAL    -- Need R
    ]],
    [[
...skip non-related part...
    uplinkTxSwitching-2T-Mode-r17              ENUMERATED {enabled}               OPTIONAL,   -- Cond 2Tx
    uplinkTxSwitching-DualUL-TxState-r17       ENUMERATED {oneT, twoT}            OPTIONAL,   -- Cond 2Tx
    [[
    reportUplinkTxDirectCurrentMoreCarrier-r17 ReportUplinkTxDirectCurrentMoreCarrier-r17  OPTIONAL  -- Need N
    ]]
}

	uplinkTxSwitching-2T-Mode
Indicates 2Tx-2Tx switching mode is configured for inter-band UL CA or SUL, in which the switching gap duration for a triggered uplink switching (as specified in TS 38.214 [19]) is equal to the switching time capability value reported for the switching mode.
If this field is absent and uplinkTxSwitching is configured, it is interpreted that 1Tx-2Tx UL Tx switching is configured as specified in TS 38.214 [19]. In this case, 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.


Observation 1	In Rel-17, for a band pair that UE supports 2Tx-2Tx, the network can explicitly indicate whether 1Tx-2Tx or 2Tx-2Tx UL Tx switching is configured.
For Rel-18 UL Tx switching across 3 or 4 bands, similarly, the UE can report per-band pair 1Tx-2Tx and/or 2Tx-2Tx switching periods to the network. However, for RRC configuration, based on the latest running CR in [R2-2306911], there is no IE to explicitly indicate the switching mode (1Tx-2Tx, 2Tx-2Tx) for a band pair. Therefore, it is unclear how the UE interprets the switching mode of band pairs once UL Tx switching across 3 or 4 bands is configured. 
Observation 2	Based on the RAN2 endorsed CR, for Rel-18 UL Tx switching across 3 or 4 bands, currently, there is no explicit IE to inform UE whether 1Tx-2Tx or 2Tx-2Tx UL Tx switching mode is configured for a band pair.
By checking the discussion history, this was discussed in RAN2#121 but no conclusion was made because companies thought RAN1/4 inputs are needed. However, it seems RAN1/4 haven’t discussed this issue, so further clarification is needed in RAN2. 
In addition, based on the reply LS from RAN4 [1], RAN2 agreed to introduce “switching2TMode-r18” field in RRC configuration:
	Question 3. (To RAN4)
RAN2 respectfully asks RAN4 which of the options below matches RAN4 understanding on the selection of applied switching periods when both switching periods of 2Tx-2Tx switching and 1Tx-2Tx switching can be reported for the same band pair.

Answer to Question 3:
RAN4 agrees that option 2 matches RAN4 understanding with the following understanding:
· Option 2 means semi-static RRC configurations and gNB configures which switching cases are applied to 2Tx-2Tx switching period.
· Regarding the granularity, RAN4 suggests per band pair granularity, i.e., 
· if gNB configures as 2Tx-2Tx switching period applies to a band pair between switching (e.g., band A and band B), 2Tx-2Tx switching period applies to the switching cases between the band pair e.g.,
·  2P(band A)+0P(band B) <=> 0P(band A)+2P(band B)  
· 1P(band A)+0P(band B) <=> 0P(band A)+2P(band B) 
· 0P(band A)+1P(band B) <=> 2P(band A)+0P(band B) 
· 1P(band A)+0P(band B) <=> P(band A)+1P(band B) 
· if the gNB does not configure the band pair for 2Tx-2Tx, then the Tx switching period for 1Tx-2Tx should be applied.


The “switching2TMode-r18” IE is used to explicitly indicate whether 2Tx-2Tx switching period should be applied for UL Tx switching between two bands, the principle is quite straightforward, i.e. If the field is configured, then 2Tx-2Tx switching period should be applied (irrespective of the switching cases), otherwise, 1Tx-2Tx switching period should be applied. 
For this new IE, RAN2 also made the following agreement last meeting:
	RAN2#123 agreements:
· Specify switching2T-DualUL is always present for band pair(s) when 2Tx-2Tx UL Tx switching is configured (can revisit if there are problems)


The intention is to mandate applying 2Tx-2Tx switching period once 2Tx-2Tx switching mode is configured for a band part. However, as we observed, since it is unclear how the UE knows 2Tx-2Tx switching mode is “configured” for a band pair, this agreement becomes ambiguous.
Observation 3	Because it is unclear how the UE knows whether 2Tx-2Tx UL Tx switching mode is configured for a band pair, so, the agreement made last meeting is ambiguous. 
For UL Tx switching, the relationship between switching mode and switching cases are shown in below table:
	switching mode
	1Tx-2Tx
	2Tx-2Tx

	switching cases
	Band A +Band B:
· 1P+0P <=> 0P+2P
· 1P+0P <=> 0P+1P
	Band A +Band B:
· 2P+0P <=> 0P+2P
· 1P+0P <=> 0P+2P
· 0P+1P <=> 2P+0P
· 1P+0P <=> 0P+1P


Only if 2Tx-2Tx switching mode is configured, the UE can perform 2P+0P <=> 0P+2P switching. Except the red highlight switching case (2P+0P <=> 0P+2P), all the other cases are considered as 1T-1T/1T-2T switching. If the UE reports different switching period for 1Tx-2Tx and 2Tx-2Tx UL Tx switching, usually, the switching period for 2Tx-2Tx will be larger than the switching period for 1Tx-2Tx. For switching case 2P+0P <=> 0P+2P, it is clear that only 2Tx-2Tx switching period can be applied. While for the other switching cases, technically, the UE is able to apply the 1Tx-2Tx switching period. 
Observation 4	Technically, for switching case (2P+0P <=> 0P+2P), only 2Tx-2Tx switching period can be applied. For other switching cases (1P+0P <=> 0P+2P, or 0P+1P <=> 2P+0P, or 1P+0P <=> 0P+1P), the UE is capable to apply the 1Tx-2Tx switching period.
In Rel-17, an explicit IE (i.e. uplinkTxSwitching-2T-Mode) is defined to indicate that 2Tx-2Tx switching mode is configured, this IE also indicates whether 2Tx-2Tx switching period should be applied, so, the UE behaviour is clear. But the Rel-17 IE is per-cell group configured, so it is not applicable to Rel-18 UL Tx switching because it cannot differentiate band pairs. 
From network perspective, in case of Rel-18 UL Tx switching, even if the UE is capable of 2Tx-2Tx switching for each possible band pair, it is possible the network may only configure 1Tx-2Tx switching mode for concerned band pairs, in that sense, the smaller switching period can be applicable.
Observation 5	Network should be able to explicitly configure the 1Tx-2Tx or 2Tx-2Tx switching mode for band pair(s).
Considering RAN2 intends to bind “2Tx-2Tx switching period” to “2Tx-2Tx switching mode”, we think the simplest way is to reuse the “switching2T-Mode-r18” IE to also indicate whether “2Tx-2Tx switching mode” is configured for the indicated band pair. 
Proposal 1	Reuse “switching2T-Mode-r18” IE to also indicate whether 2Tx-2Tx switching mode is configured for a band pair.
The proposed spec change is shown below:
	switching2T-DualUL
Indicates 2Tx-2Tx switching mode is configured and 2Tx-2Tx switching period is considered as the switching gap duration when UL Tx switching is performed between the two bands within the band pair as specified in TS 38.214 [19].
If this field is absent and UplinkTxSwitchingMoreBands-r18 is configured, it is interpreted that 1Tx-1Tx or 1Tx-2Tx UL Tx switching is configured and 1Tx-2Tx switching period is considered as the switching gap duration when UL Tx switching is performed between the two bands within the band pair as specified in TS 38.214 [19].


Proposal 2	Agree the above TP for Proposal 1.
2.2.  To capture the RANP agreed restrictions
In RAN#101 meeting, companies discussed the supported scenarios for Rel-18 UL Tx switching, and the following conclusions from [2] are endorsed.
	· The scenario {SUL band + corresponding NUL band} + {SUL band + corresponding NUL band} is supported in Rel-18 UL Tx switching framework with following restrictions.
· For the band pair between {NUL and NUL}, “switched UL” or “dual UL” can be reported/configured.
· For any other band pair including SUL (between {SUL and another SUL}, between {SUL and corresponding NUL}, and between {SUL and non-corresponding NUL}), only “switched UL” can be reported/configured in Rel-18.
· Back-to-back transmission (i.e., switching without having switching gap) between {SUL and another SUL} and between {SUL and non-corresponding NUL} are not supported in Rel-18.
· Note: this does not prevent a study and normative work to support simultaneous transmission between {SUL and another SUL} and/or between {SUL and non-corresponding NUL} as well as back-to-back transmissions between {SUL and another SUL} and/or between {SUL and non-corresponding NUL} in future release
· The same restrictions are applied to the scenarios {SUL band + corresponding NUL band} + 1 or 2 other NUL band(s).
· For band pairs between {SUL and non-corresponding NUL} in this scenario, only “switched UL” can be reported/configured in Rel-18
· Back-to-back transmission (i.e., switching without having switching gap) between {SUL and non-corresponding NUL} in this scenario is not supported in Rel-18
· Note: this does not preclude a possible support based on other UE architecture than Rel-18 UL Tx switching
· Clarify the restrictions above at least in TS38.101-1 e.g., section 5.5C “Configurations for SUL”
· Note: TS38.214 may not need to capture the restrictions, and whether/how to capture restrictions in TS38.331/306 can be discussed in Q4 RAN2 


According to the RANP guidance, whether/how to capture the restrictions in TS 38.331/306 needs to be discussed in RAN2. 
Currently, the switching option capability and RRC configuration are only referring to TS 38.214 in which will not be updated to capture those restrictions, so, we see the need to capture the restrictions in RAN2, the changes are straightforward.
For example, in TS 38.306, the proposed change is shown below:
	ULTxSwitchingBandPair-r16, ULTxSwitchingBandPair-v1700, ULTxSwitchingBandPair-v18xy
Indicates UE supports dynamic UL 1Tx-2Tx switching in case of inter-band CA, SUL, and (NG)EN-DC, and UL 2Tx-2Tx switching in case of inter-band CA and SUL as defined in TS 38.214 [12], TS 38.101-1 [2] and TS 38.101-3 [4]. The capability signalling comprises of the following parameters:
-	bandIndexUL1-r16 and bandIndexUL2-r16 indicate the band pair on which UE supports dynamic UL Tx switching. bandindexUL1/bandindexUL2 xx refers to the xxth band entry in the band combination. UE shall indicate support for 2-layer UL MIMO capabilities on one of the indicated two bands in each FeatureSet entry supporting UL 1Tx-2Tx switching and indicate support for 2-layer UL MIMO capabilities on both bands in each FeatureSet entry supporting UL 2T-2Tx switching, and only the band where UE supports 2-layer UL MIMO capability can work as carrier2 as defined in TS 38.101-1 [2] and TS 38.101-3 [4].
-	uplinkTxSwitchingPeriod-r16 indicates the length of UL Tx switching period of 1Tx-2Tx switching per pair of UL bands per band combination when dynamic UL Tx switching is configured, as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. UE shall not report the value n210us for EN-DC band combinations. n35us represents 35 us, n140us represents 140us, and so on, as specified in TS 38.101-1 [2] and TS 38.101-3 [4].
-	uplinkTxSwitchingPeriod2T2T-r17 indicates the length of UL Tx switching period of 2Tx-2Tx switching per pair of UL bands per band combination when dynamic UL Tx switching is configured, as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. n35us represents 35 us, n140us represents 140us, and so on, as specified in TS 38.101-1 [2] and TS 38.101-3 [4].
-	uplinkTxSwitching-DL-Interruption-r16 indicates that DL interruption on the band will occur during UL Tx switching, as specified in TS 38.133 [5] and in TS 36.133 [27]. UE is not allowed to set this field for the band combination of SUL band+ corresponding NULTDD band, for which no DL interruption is allowed.
Field encoded as a bit map, where bit N is set to "1" if DL interruption on band N will occur during uplink Tx switching as specified in TS 38.133 [5] and in TS 36.133 [27]. The leading / leftmost bit (bit 0) corresponds to the first band of this band combination, the next bit corresponds to the second band of this band combination and so on. The capability is not applicable to the following band combinations, in which DL reception interruption is not allowed:
-	TDD+TDD CA with the same UL-DL pattern
-	TDD+TDD EN-DC with the same UL-DL pattern 
Indicates UE supports R18 dynamic UL Tx switching across up to 4 bands as defined in TS 38.214 [12] and TS 38.101-1 [2]. The capability signaling further comprises of the following parameters:
-	For a band pair indicated by bandIndexUL1-r16 and bandIndexUL2-r16, UE shall indicate support of 2-layer UL MIMO in FeatureSet on both bands for 2T-2Tx switching, or indicate support of 2-layer UL MIMO on one band and 1-layer MIMO on the other band for 1Tx-2Tx switching, or indicate support of 1-layer UL MIMO on both bands for 1Tx-1Tx switching.
-	uplinkTxSwitchingOptionForBandPair-r18 indicates whether switchedUL or dualUL or both switching options is supported for a given band pair as specified in TS 38.214 [12]. This field can only be set to "switchedUL" for a band pair that including SUL band(s).
-	uplinkTxSwitchingMaintainedUL-Trans-r18 indicates that UL transmission with the number of Tx chain unchanged is allowed on the band during UL Tx switching between two other bands when UL Tx switching is configured as specified in 38.101-1 [2]. Absence of this field means there is interruption in all UL bands during the switching.
-	Field encoded as a bit map, where bit N is set to "1" if UL transmission on nth UL band is allowed. The leading / leftmost bit corresponds to the first UL band of this band combination excluding the two bands of the band pair, the next bit corresponds to the second UL band of this band combination excluding the two bands of the band pair and so on.
 -	switchingPeriodFor2T-r18 indicates the length of 2Tx-2Tx switching period, switchingPeriodFor1T-r18 indicates the length of 1Tx-2Tx switching and/or 1Tx-1Tx switching period, as specified in TS 38.214 [12], TS 38.101-1 [2]. n35us represents 35 us, n140us represents 140us, and so on, as specified in TS 38.101-1 [2]. 

	BC
	FD
	N/A
	FR1 only



Similarly, in TS 38.331, the IE “switchingOptionConfigForBandPair-r18” is defined to indicate the per-band pair level switching option, to capture the new restriction, the field description can be updated as below. 
	UplinkTxSwitchingBandPairConfig field descriptions

	bandInfoUL1, bandInfoUL2
Indicates the band index for a band pair. The value n indicates the band included at the n-th entry of uplinkTxSwitchingBandList.

	switching2T-DualUL
Indicates 2Tx-2Tx switching period is considered as the switching gap duration when UL Tx switching is performed between the two bands within the band pair as specified in TS 38.214 [19]. 

	switchingOptionConfigForBandPair
Indicates the switching option for the band pair as specified in TS 38.214 [19], clause 6.16. This field can only be set to "switchedUL" when the band pair includes SUL band(s).



[bookmark: _Hlk146823853]Proposal 3	To capture the RAN agreed restrictions in TS 38.306 and TS 38.331, including:
· Clarify in TS 38.306: DL interruption is reported except for the band combination of SUL band + corresponding NUL band. 
· Clarify in TS 38.306: only “switchedUL” can be reported for a band pair including SUL band(s);
· [bookmark: _Hlk134649450]Clarify in TS 38.331: only “switchedUL” can be configured for a band pair including SUL band(s)
Proposal 4	Agree the above TP for Proposal 3.
3. Conclusion
In this contribution, proposals and observations are:
Observation 1	In Rel-17, for a band pair that UE supports 2Tx-2Tx, the network can explicitly indicate whether 1Tx-2Tx or 2Tx-2Tx UL Tx switching is configured.
Observation 2	Based on the RAN2 endorsed CR, for Rel-18 UL Tx switching across 3 or 4 bands, currently, there is no explicit IE to inform UE whether 1Tx-2Tx or 2Tx-2Tx UL Tx switching mode is configured for a band pair.
Observation 3	Because it is unclear how the UE knows whether 2Tx-2Tx UL Tx switching mode is configured for a band pair, so, the agreement made last meeting is ambiguous. 
Observation 4	Technically, for switching case (2P+0P <=> 0P+2P), only 2Tx-2Tx switching period can be applied. For other switching cases (1P+0P <=> 0P+2P, or 0P+1P <=> 2P+0P, or 1P+0P <=> 0P+1P), the UE is capable to apply the 1Tx-2Tx switching period.
Observation 5	Network should be able to explicitly configure the 1Tx-2Tx or 2Tx-2Tx switching mode for band pair(s).
Proposal 1	Reuse “switching2T-Mode-r18” IE to also indicate whether 2Tx-2Tx switching mode is configured for a band pair;
Proposal 2	Agree the above TP for Proposal 1.
Proposal 3	To capture the RAN agreed restrictions in TS 38.306 and TS 38.331, including:
· Clarify in TS 38.306: DL interruption is reported except for the band combination of SUL band + corresponding NUL band. 
· Clarify in TS 38.306: only “switchedUL” can be reported for a band pair including SUL band(s);
· Clarify in TS 38.331: only “switchedUL” can be configured for a band pair including SUL band(s)
Proposal 4	Agree the above TP for Proposal 3.
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5. [bookmark: _GoBack]Annex
	ULTxSwitchingBandPair-r16, ULTxSwitchingBandPair-v1700, ULTxSwitchingBandPair-v18xy
Indicates UE supports dynamic UL 1Tx-2Tx switching in case of inter-band CA, SUL, and (NG)EN-DC, and UL 2Tx-2Tx switching in case of inter-band CA and SUL as defined in TS 38.214 [12], TS 38.101-1 [2] and TS 38.101-3 [4]. The capability signalling comprises of the following parameters:
-	bandIndexUL1-r16 and bandIndexUL2-r16 indicate the band pair on which UE supports dynamic UL Tx switching. bandindexUL1/bandindexUL2 xx refers to the xxth band entry in the band combination. UE shall indicate support for 2-layer UL MIMO capabilities on one of the indicated two bands in each FeatureSet entry supporting UL 1Tx-2Tx switching and indicate support for 2-layer UL MIMO capabilities on both bands in each FeatureSet entry supporting UL 2T-2Tx switching, and only the band where UE supports 2-layer UL MIMO capability can work as carrier2 as defined in TS 38.101-1 [2] and TS 38.101-3 [4].
-	uplinkTxSwitchingPeriod-r16 indicates the length of UL Tx switching period of 1Tx-2Tx switching per pair of UL bands per band combination when dynamic UL Tx switching is configured, as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. UE shall not report the value n210us for EN-DC band combinations. n35us represents 35 us, n140us represents 140us, and so on, as specified in TS 38.101-1 [2] and TS 38.101-3 [4].
-	uplinkTxSwitchingPeriod2T2T-r17 indicates the length of UL Tx switching period of 2Tx-2Tx switching per pair of UL bands per band combination when dynamic UL Tx switching is configured, as specified in TS 38.101-1 [2] and TS 38.101-3 [4]. n35us represents 35 us, n140us represents 140us, and so on, as specified in TS 38.101-1 [2] and TS 38.101-3 [4].
-	uplinkTxSwitching-DL-Interruption-r16 indicates that DL interruption on the band will occur during UL Tx switching, as specified in TS 38.133 [5] and in TS 36.133 [27]. UE is not allowed to set this field for the band combination of SUL band+TDD band, for which no DL interruption is allowed.
Field encoded as a bit map, where bit N is set to "1" if DL interruption on band N will occur during uplink Tx switching as specified in TS 38.133 [5] and in TS 36.133 [27]. The leading / leftmost bit (bit 0) corresponds to the first band of this band combination, the next bit corresponds to the second band of this band combination and so on. The capability is not applicable to the following band combinations, in which DL reception interruption is not allowed:
-	TDD+TDD CA with the same UL-DL pattern
-	TDD+TDD EN-DC with the same UL-DL pattern 
Indicates UE supports R18 dynamic UL Tx switching across up to 4 bands as defined in TS 38.214 [12] and TS 38.101-1 [2]. The capability signaling further comprises of the following parameters:
-	For a band pair indicated by bandIndexUL1-r16 and bandIndexUL2-r16, UE shall indicate support of 2-layer UL MIMO in FeatureSet on both bands for 2T-2Tx switching, or indicate support of 2-layer UL MIMO on one band and 1-layer MIMO on the other band for 1Tx-2Tx switching, or indicate support of 1-layer UL MIMO on both bands for 1Tx-1Tx switching.
-	uplinkTxSwitchingOptionForBandPair-r18 indicates whether switchedUL or dualUL or both switching options is supported for a given band pair as specified in TS 38.214 [12].
-	uplinkTxSwitchingMaintainedUL-Trans-r18 indicates that UL transmission with the number of Tx chain unchanged is allowed on the band during UL Tx switching between two other bands when UL Tx switching is configured as specified in 38.101-1 [2]. Absence of this field means there is interruption in all UL bands during the switching.
-	Field encoded as a bit map, where bit N is set to "1" if UL transmission on nth UL band is allowed. The leading / leftmost bit corresponds to the first UL band of this band combination excluding the two bands of the band pair, the next bit corresponds to the second UL band of this band combination excluding the two bands of the band pair and so on.
 -	switchingPeriodFor2T-r18 indicates the length of 2Tx-2Tx switching period, switchingPeriodFor1T-r18 indicates the length of 1Tx-2Tx switching and/or 1Tx-1Tx switching period, as specified in TS 38.214 [12], TS 38.101-1 [2]. n35us represents 35 us, n140us represents 140us, and so on, as specified in TS 38.101-1 [2]. 

	BC
	FD
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	FR1 only







