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1. Introduction
In RAN#94e meeting, the Rel-18 RAN1-led work item on multi-carrier enhancement has been approved as [1], which has been further revised into [2], in which there are two major objectives focusing on (1) a solution for multi-cell PUSCH/PDSCH scheduling with a single DCI and (2) enhancements for multi-carrier UL operation, respectively. 
Specifically, the detailed objectives for the above-mentioned (2) enhancements for multi-carrier UL operation are provided in WID [2] as follows:   
	2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



In the last RAN4 meeting, TX switching with multiple TAGs are discussed with the WF approved in [5]. Accordingly, in this contribution, we would like to share our viewpoints on RRM requirements for UL Tx Switching Across 3 or 4 Bands. 
2 Extension of TX Switching for 2 bands to 2 TAGs
In Rel-16 and Rel-17 discussion on TX switching, there are some limitations, i.e., 2TX UE can be configured with at most 2 UL bands, in which the requirements apply for the case of co-located and synchronized network deployment with the max receiving timing difference of 3us between the two carriers. This is reflected in the RF requirement for time masks. 
	[bookmark: _Hlk109143744]6.3A.3.3.2	Time mask for switching between two uplink carriers
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 sub-clause is applicable for an uplink band pair of a inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10], where NR UL carrier 1 is capable of one transmit antenna connector and NR UL carrier 2 is capable of two transmit antenna connectors with 3dB boosting on the maximum output power when the capability uplinkTxSwitching-PowerBoosting is present and the IE uplinkTxSwitchingPowerBoosting is enabled, and the two uplink carriers are in different bands with different carrier frequencies. The UE shall support the switch between single layer transmission with one antenna port and two-layer transmission with two antenna ports on the two uplink carriers 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 carrier 2.
The switching periods described in Figure 6.3A.3.3.2-1a and Figure 6.3A.3.3.2-1b are located in either NR carrier 1 or carrier 2 as indicated in RRC signalling uplinkTxSwitchingPeriodLocation [7], and the length of uplink switching period X is less than the value indicated by UE capability uplinkTxSwitchingPeriod. 
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Figure 6.3A.3.3.2-1a: Time mask for switching between UL carrier 1 and UL Carrier 2, where the switching period is located in carrier 1
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Figure 6.3A.3.3.2-1b: Time mask for switching between UL carrier 1 and UL Carrier 2, where the switching period is located in carrier 2
The requirements apply for the case of co-located and synchronized network deployment for the two uplink carriers.
The requirements apply for the case of single TAG for the two uplink carriers, i.e., the same uplink timing for the two carriers as described in clause 4.2 of TS 38.213 [8].


Observation 1: In Rel-16 and Rel-17 UL TX switching, RAN4 requirements apply for the case of co-located and synchronized network deployment with the max receiving timing difference of 3us between the two carriers, which is reflected in time mask requirement in TS38.101-1/3. 
Based on UE RF discussion, it is likely to extend the time mask requirement to non-colocated case, which is corresponding to the scenario with 2 TAGs configured for two uplink respectively. Furthermore, in RF session, it is agreed that ”Limit number of TAGs to up to 2 for all the cases in the Rel-18  WI” which is captured in the approved WF [5]. 
Observation 2: In RF session, it is agreed to ”limit number of TAGs to up to 2 for all the cases in the Rel-18  WI”. 
In the following sub-sections, we provided our views on the RRM requirement impact due to the extension of TX switching for 2 bands to 2 TAGs. 
2.1 Impact on MTTD requirement
The uplink timing difference between two TAGs have already been discussed in RRM session from Rel-15, and corresponding the MTTD requirement for inter-band NR CA in FR1 is specified as 34.6us. From RRM requirement perspective, we see no necessity to change MTTD requirement due to the extension of UL TX switching for 2 bands from 1 TAG to 2 TAGs. 
Proposal 1: No impact on the existing MTTD requirement due to the extension of UL TX switching for 2 bands from 1 TAG to 2 TAGs. 
2.2 Impact on interruption requirement
In Rel-16 and Rel-17 discussion on UL TX switching, the RRM requirements on DL interruptions at UE switching between two uplink carriers were specified. Take the following requirement for Rel-16 TX switching for instance: 
	8.2.2.2.10	DL Interruptions at UE switching between two uplink carriers
The DL interruption requirements at dynamic switching between two uplink carreirs specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause 6.1.6 of TS 38.214 [26], where NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink carriers is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.
No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause 5.2A.2 of TS 38.101-1 [18].
Table 8.2.2.2.10-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers
	[image: ]
	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us
	210us

	0
	1
	2
	3
	4

	1
	0.5
	3
	6
	7

	2
	0.25
	4
	10
	14

	Note 1:	Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod






It can be shown that, in the above requirement on DL interruption length, the DL interruption starting point is specified as “the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling”, and DL interruption length is defined in the number of OFDM symbols corresponding to three UL TX switching capabilities. Therefore, neither the starting point nor the length of DL interruption is relevant to the timing relationship between two carriers.
Observation 3: Neither the starting point nor the length of DL interruption specified for UL TX switching for 2 bands is relevant to the timing relationship between two carriers.
Proposal 2: No impact on the existing DL interruption requirement due to the extension of UL TX switching for 2 bands from 1 TAG to 2 TAGs. 

3 RRM impact due to TX Switching across 3/4 bands
In the approved WF on UL Tx switching across 3/4 bands with multiple TAGs [5], the following agreements and way forwards which are relevant to RRM requirement are included as follows. 
	Issue 3-1-1 UL switching time
WF (as per agreement at the Aug 22 GTW)
Agreement:
· RAN4 further discuss if the UL switching time is the same for single TAG and 2 TAGs
· UL switching time should not include timing difference up to MTTD between two TAGs.
FFS:
· UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.

Issue 3-1-2: UL outage time
WF
Factors for UL outage time discussed in RF session, to be further checked in RRM session
· UL switching time (UE capability)
· The difference between the TA on the two TAGs, up to MTTD
· Timing and measurement error
 
Issue 3-1-3: Sub-topic PUSCH preparation time
Observation:
· The PUSCH preparation time includes the effect of TA and difference between multiple active component carriers in addition to the switching period (Rel-16)

Issue 3-1-4: DL interruption time for Tx switching with multiple TAGs
WF
· to be discussed in the RRM session

Issue 3-1-5 UE capability and release independence
WF
· To be discussed after we know requirements and spec impact


In the following sub-sections, we provided our views on the RRM requirement analysis due to WI scope on TX switching across 3/4 bands. 
3.1 UL outage time
As provided in the approved WF in RAN4#104-e [5], the factors of (1) UL switching time (UE capability), (2) the difference between the TA on the two TAGs, up to MTTD, and (3) timing and measurement error are considered for UL outage time in RF session, but still require further checking in RRM session. 
Firstly, we would like to confirm the three factors should be considered in RF session for UL outage time. But for DL timing error, there is no explicit requirement and it is expected that RRM session provide the analysis: 
· For DL timing tracking, the estimation of DL timing error can be based on the tracking accuracy depending on the total bandwidth covered by SSB/TRS and the UE clock drift between two consecutive transmissions of SSB/TRS. 
· By assuming 15kHz SCS and accordingly 3.6MHz SSB Bandwidth, by assuming the time domain sampling rate is no less than 7.2MHz, the SSB timing tracking accuracy is 139ns. 
· By assuming 15kHz SCS and TRS with the same bandwidth as active BWP, and by assuming 20MHz active downlink BWP, the TRS timing tracking accuracy is 25ns. 
· By assuming 0.1 ppm clock drift and 20ms periodicity of SSB/TRS transmission, the absolute clock drift is 2ns. 
· By summing up the timing tracking accuracy and UE clock drift, the DL estimation error based on TRS is around 27ns. 
Proposal 3: Confirm the three factors should be considered in RF session for UL outage time: (1) UL switching time (UE capability), (2) the difference between the TA on the two TAGs, up to MTTD, and (3) timing and measurement error. 

Observation 4: For DL timing tracking, the estimation of DL timing error can be based on the tracking accuracy depending on the total bandwidth covered by SSB/TRS and the UE clock drift between two consecutive transmissions of SSB/TRS. 

Proposal 4: RRM session confirm the typical value of 27ns for the FR1 UE’s DL timing error based on TRS. 

3.2 DL interruption time for TX switching
In the current specification of DL interruption requirement due to UL TX switching, when dynamic switching between two uplink carriers is conducted, UE is allowed to cause UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption in TS 38.331. For Rel-18 TX switching across 3/4 bands, we see no reason to change the existing requirement structure and the signaling design for uplinkTxSwitching-DL-Interruption, which is already give full flexibility whether the interruption exists or not on any DL carrier(s). 
	UE capability information element (in BandCombinationList)

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
}

BandCombination-UplinkTxSwitch-v1640 ::=    SEQUENCE {
    bandCombination-v1640                       BandCombination-v1640              OPTIONAL
}

BandCombination-UplinkTxSwitch-v1650 ::= SEQUENCE {
    bandCombination-v1650               BandCombination-v1650                      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
}


Observation 5: In the signaling design for uplinkTxSwitching-DL-Interruption, there is full flexibility for UE to claim whether the interruption exists or not on any DL carrier(s). 
Proposal 5: The DL interruption requirement for UL TX switching across 3/4 bands can be defined comparable to the requirements in 8.2.2.2.10/10A/10B/10C for two bands. 

4. Conclusion
In this contribution, we provided our viewpoints on the RRM aspects for this work item, accordingly the following observations and proposals are obtained: 

Observation 1: In Rel-16 and Rel-17 UL TX switching, RAN4 requirements apply for the case of co-located and synchronized network deployment with the max receiving timing difference of 3us between the two carriers, which is reflected in time mask requirement in TS38.101-1/3. 
Observation 2: In RF session, it is agreed to ”limit number of TAGs to up to 2 for all the cases in the Rel-18  WI”. 
Proposal 1: No impact on the existing MTTD requirement due to the extension of UL TX switching for 2 bands from 1 TAG to 2 TAGs. 
Observation 3: Neither the starting point nor the length of DL interruption specified for UL TX switching for 2 bands is relevant to the timing relationship between two carriers.
Proposal 2: No impact on the existing DL interruption requirement due to the extension of UL TX switching for 2 bands from 1 TAG to 2 TAGs. 
Proposal 3: Confirm the three factors should be considered in RF session for UL outage time: (1) UL switching time (UE capability), (2) the difference between the TA on the two TAGs, up to MTTD, and (3) timing and measurement error. 

Observation 4: For DL timing tracking, the estimation of DL timing error can be based on the tracking accuracy depending on the total bandwidth covered by SSB/TRS and the UE clock drift between two consecutive transmissions of SSB/TRS. 

Proposal 4: RRM session confirm the typical value of 27ns for the FR1 UE’s DL timing error based on TRS. 
Observation 5: In the signaling design for uplinkTxSwitching-DL-Interruption, there is full flexibility for UE to claim whether the interruption exists or not on any DL carrier(s). 
Proposal 5: The DL interruption requirement for UL TX switching across 3/4 bands can be defined comparable to the requirements in 8.2.2.2.10/10A/10B/10C for two bands. 
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