3GPP TSG-RAN WG4 Meeting #111				                                             R4-2407940
Fukuoka City, Fukuoka , Japan, 20th – 24th May, 2024

Agenda Item:	4.7
[bookmark: _Hlk41145958]Source: 	CMCC, CBN
[bookmark: _Hlk41145953][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Title: 			 Support of UL Tx switching for CA with two contiguous aggregated carriers in each band
Document for:	Discussion
1. Introduction
In previous R19 workshop and RAN plenary discussion, we proposed the support of new UL Tx switching scenario for CA between two contiguous carriers in band A and two contiguous carriers in band B [1].
In Rel-17, UL Tx switching between one carrier in band A and two contiguous carriers in band B was specified. In our network, both 2.6GHz (n41) and 4.9GHz (n79) has two contiguous UL carriers. In order to further improve the uplink throughput, UL 2Tx-2Tx switching between band A (2.6GHz) and band B (4.9GHz), each with two contiguous uplink carriers, should be supported.
Due to the urgency and commercial need, in last RAN4 meeting, we propose to support this new scenario in maintenance considering the minimal workload and spec changes. And in last RAN4 meeting, it was agreed that RAN4 will continue discuss this topic under maintenance.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK2][bookmark: OLE_LINK1]Discussion
Existing TS38.101-1 specifies the time mask for switching between two uplink bands. In clause 6.3A.3.3.5, the scenario is described very limited, where band A has 1 carrier and band B has two carriers. In our view, the same time mask requirements are also applicable to CA with two contiguous aggregated carriers in each band. Only the highlighted yellow description precludes the support of two carriers in each band.
Observation 1: existing time mask requirements in clause 6.3A.3.3.5 are applicable to uplink Tx switching for CA with two contiguous aggregated carriers in each band.
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描述已自动生成]
TS38.101-1 also refers to the uplink switching mechanisms specified in clause 6.1.6 of TS38.214. And in TS 38.214, there is no restriction on the number of carriers, clause 6.1.6.2 for uplink switching CA is copied in the Annex. In our view, the same time mask requirements are applicable to CA with two contiguous aggregated carriers in each band.  We also checked RAN2 specs TS38.331 and TS38.306, there is also no restriction on the number of carriers in each band for the capability uplinkTxSwitchingPeriod2T2T.
Observation 2: RAN1 and RAN2 specs do not differentiate number of carriers, no changes are needed to support uplink Tx switching for CA with two contiguous aggregated carriers in each band.
	[bookmark: _Toc68230782][bookmark: _Toc69084195][bookmark: _Toc75467205][bookmark: _Toc76509227][bookmark: _Toc76718217][bookmark: _Toc83580538][bookmark: _Toc84405047][bookmark: _Toc84413656]6.3A.3.3.5	Time mask for switching between two uplink bands with two transmit antenna connectors
[bookmark: _Hlk159169832]In addition to the requirements in 6.3A.3.3.1 and the maximum output power requirement specified in Table 6.2A.1.3-1 with uplink assigned to two NR bands, the switching time mask specified in this clause is applicable for an uplink band pair of a inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod2T2T is present, and is only applicable for uplink switching mechanisms specified in clause 6.1.6 of TS 38.214 [10], where NR UL carriers in band A and band B 1 in band A is capable of two transmit antenna connectors, NR UL carrier 2 and carrier 3 in band B are capable of two transmit antenna connectors. NR UL carriers carrier 2 and carrier 3 are two contiguous aggregated carriers in band B, and one or two contiguous aggregated carriers in either band A., and bBand A and band B are different bands with different carrier frequencies. The UE shall support the switch between two-layer transmission with two antenna ports and two-layer transmission with two antenna ports on the two uplink bands following the scheduling commands and rank adaptation, i.e., both single layer and two-layer transmission with 2 antenna ports, and single layer transmission with 1 antenna port shall be supported on NR UL carrierscarrier 1, carrier 2 and carrier 3 in the two bands.


Based on the observations, we propose to adopt the following changes in TS38.101-1 clause 6.3A.3.3.5, which are also backward compatible.



 




Proposal 1: It is proposed to adopt the above changes in TS 38.101-1 in order to support uplink Tx switching for CA with two contiguous aggregated carriers in each band.
Another issue needs to be considered is the release to support the new scenario. RAN1 and RAN2 specs can already support UL Tx switching between two uplink bands in Rel-17, regardless of the number of carriers. The detailed RAN2 specs are copied in the Annex. Hence, there is no need to introduce new UE capability signaling to indicate the support of uplink Tx switching for CA with two contiguous aggregated carriers in each band. In last meeting, the Rel-18 RAN4 CR to support this new switching case was discussed and endorsed. Considering all the uplink Tx switching UE features are optional and no explicit band combinations for Tx switching are specified in TS 38.101-1, we propose to adopt the changes from Rel-17 to keep the consistency of specs. 
Proposal 2: It is proposed to adopt the changes in TS 38.101-1 from Rel-17 in order to support uplink Tx switching for CA with two contiguous aggregated carriers in each band.
3. Conclusion
Due to the urgency and commercial need, we propose to support uplink Tx switching for CA with two contiguous aggregated carriers in each band from Rel-17. The observations and proposals are:
Observation 1: existing time mask requirements in clause 6.3A.3.3.5 are applicable to uplink Tx switching for CA with two contiguous aggregated carriers in each band.
Observation 2: RAN1 and RAN2 specs do not differentiate number of carriers, no changes are needed to support uplink Tx switching for CA with two contiguous aggregated carriers in each band.
Proposal 1: It is proposed to adopt the above changes in TS 38.101-1 in order to support uplink Tx switching for CA with two contiguous aggregated carriers in each band.
Proposal 2: It is proposed to adopt the changes in TS 38.101-1 from Rel-17 in order to support uplink Tx switching for CA with two contiguous aggregated carriers in each band.
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5. Annex
=============TS 38.214==============
[bookmark: _Toc45810629][bookmark: _Toc155085624]6.1.6.2	Uplink switching for carrier aggregation
For a UE indicating a capability for uplink switching with BandCombination-UplinkTxSwitch or uplinkTxSwitchingPeriod2T2T for a band combination, and if it is for that band combination configured with uplink carrier aggregation:
-	If the UE is configured with uplink switching with parameter uplinkTxSwitching, when the UE is to transmit in the uplink based on DCI(s) received before  or based on a higher layer configuration(s):
-	When the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 1-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
-	When the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers. 
-	For the UE configured with uplinkTxSwitchingOption set to 'switchedUL', when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on a carrier on the same band and the UE is under the operation state in which 2-port transmission cannot be supported in the same band, then the UE is not expected to transmit for the duration of  on any of the carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', when the UE is to transmit a 1-port transmission on one uplink carrier on one band and if the preceding uplink transmission was a 1-port transmission on another uplink carrier on another band and the UE is under the operation state in which 2-port transmission can be supported in the same band, then the UE is not expected to transmit for the duration of  on any of the carriers.
-	For the UE configured with uplinkTxSwitchingOption set to 'dualUL', if the UE is configured with uplinkTxSwitching-DualUL-TxState set to 'oneT', when the UE is under the operation state in which 2-port transmission can be supported on one carrier on one band followed by no transmission on any carrier on the same band and 1-port transmission on the other carrier on another band the UE shall consider this as if 1-port transmission was transmitted on both uplinks, otherwise the UE shall consider this as if 2-port transmission took place on the transmitting carrier.
-	If uplinkTxSwitching-2T-Mode is configured, when the UE is to transmit a 2-port transmission on one uplink carrier on one band and if the preceding uplink transmission is a 2-port transmission on another uplink carrier on another band, then the UE is not expected to transmit for the duration of  on any of the carriers.
-	The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier on one band, and any transmission on another uplink carrier on another band.
-	In all other cases the UE is expected to transmit normally all uplink transmissions without interruptions.

[bookmark: _Hlk159161136]====================TS 38.331=============================
ULTxSwitchingBandPair-v1700 ::=     SEQUENCE {
    uplinkTxSwitchingPeriod2T2T-r17     ENUMERATED {n35us, n140us, n210us}     OPTIONAL
}

	supportedBandPairListNR-r16, supportedBandPairListNR-v1700
Indicates a list of band pair supporting UL Tx switching as defined in TS 38.101-1 [15] for a given band combination.
A UE supporting 2Tx-2Tx switching should include both of supportedBandPairListNR-r16 and supportedBandPairListNR-v1700. And the UE shall include the same number of entries listed in the same order as in supportedBandPairListNR-r16.
If the UE does not support 2Tx-2Tx switching for a given band pair, the field of uplinkTxSwitchingPeriod2T2T in the corresponding entry is absent.
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====================TS 38.306=============================
	ULTxSwitchingBandPair-r16, ULTxSwitchingBandPair-v1700
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
	BC
	FD
	N/A
	FR1 only
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"6.3A.3.3.5 Time mask for switching between two uplink bands with two transmit antenna
connectors<'

In addition to the requirements in 6.3A.3.3.1 and the maximum output power requirement specified in Table 6.2A.1.3-1
with uplink assigned to two NR bands, the switching time mask specified in this clause is applicable for an uplink band
pair of a inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod2T2T is present, and is onl;
applicable for uplink switching mechanisms specified in clause 6.1.6 of TS 38.214 [10],

The UE shall support the switch between two-layer transmission with
two antenna ports and two-layer transmission with two antenna ports on the two uplink bands following the scheduling

commands and rank adaptation, i.e., both single layer and two-layer transmission with 2 antenna ports, and single layer
transmission with 1 antenna port shall be supported on NR UL cartier 1. earrier 2 and carrier 3 it he fivo bands..
The switching periods described in Figure 6.3A.3.3.5-1a and Figure 6.3A.3.3.5-1b are located in either NR band A or

band B as indicated in RRC signalling uplinkTxSwitchingPeriodLocation [7], and the length of uplink switching period
Xis less than the value indicated by UE capability uplinkTxSwitchingPeriod2T2T.<

‘When switching from one carrier to another, if there is no uplink transmission scheduled or configured on the switch-
from carrier for at least the duration of the switching period (X ps) before the point in time the UE is scheduled or
configured to start the transmission on the switch-to carrier, the switching period is fully contained in the time period
between the end of the transmission on the switch-from carrier and the start of the transmission on the switch-to carrier.
In addition, the RRC signalling uplinkTxSwitchingPeriodLocation is ignored by the UE and does not take effect in this
case.<
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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 uplink TxSwitching, 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.





