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1. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
In RAN4#105 meeting, some agreements are achieved on UL Tx switching with single TAG [1] and an LS [2] was sent to RAN1/2. However, some open issues, e.g., switching period, Tx chain impact, switching time mask still need further discussion. This contribution will provide our view on the remaining issues.
2. Discussion
	Issue 1-1: Exact value of Tx switching period
Way forward:
For the exact value of Tx switching period for each band pair, select one of the two options in RAN4 #106:
· Option 1: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching is same with the switching period for Rel-16/17 2-band switching operations.
· Note: With the understanding that the switching period in Rel-18 could be different for different band pairs, according to the granularity of per band pair per BC agreed in RAN4 #104e.
· Option 2: For Rel-18 UE, for a band pair within a band combination supporting Tx switching among 3/4 bands, the switching period reported by UE for Rel-18 3/4-band Tx switching can be the same or different from the switching period for Rel-16/17 2-band switching operations. 
· Note: the set of candidate values is still the same, i.e., {35 us, 140 us, 210 us}, according to the agreement in RAN4 #104e.


Based on previous discussion, no or minor progress was achieved on the length of switching period and the similar situation remains for a long period of several meetings. Even though the set of switching period in Rel-16/17 is reused for Rel-18, the exact value of switching period for a band pair still needs make a decision. The maximum number of uplink transmission for Rel-18 is the same as Rel-16/17, i.e., 2. So the switching pattern within 3 or 4 bands does not change, i.e., still either 1Tx-2Tx or 2Tx-2Tx. From the RF perspective, the switching period would not be impacted by increasing 2 band to 3 or 4 bands. Our understanding is that the switching period should be derived based on UE RF architecture as discussed in Rel-16. We are open to discuss whether a different value can be reported for each band pair in case different UE architectures are identified.
Proposal 1: The length of switching period specified in Rel-16/17 can be reused for each band pair in Rel-18.

	Issue 1-2-1: Impact on the band with the number of Tx chain unchanged due to switching
Way forward:
· For the band with the number of Tx chain unchanged due to switching, in addition to the baseline UE assumption agreed in RAN4 #104e, introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged (i.e., one Tx chain is maintained on the band) during UL switching.
· Down-select and decide the granularity of the optional UE capability in RAN4 #106:
· Option 1a: per band pair per BC
· Option 1b: per band per band pair per BC
· Other options are not precluded
· Note: this optional advanced UE ability is not considered for the following case, as per the RAN4 #104e agreement
· The switching is between band A and B, one of Tx chain is switched between band A and B, the other Tx chain keep unchanged with band B.
Issue 1-2-2: Issue of two Tx chains switched between two different band pairs
Way forward:
· When two Tx chains are switched between two different band pairs with different lengths of switching periods (denoted as Tswitch_1 and Tswitch_2 for the switching periods of Tx chain #1 and Tx chain #2 respectively, and Tswitch_1 < Tswitch_2), select one of the two options in RAN4 #106:
· Option 1: In addition to the baseline UE assumption, introduce advanced optional UE ability to allow the Tx chain #1 to be used for transmission during the time duration of (Tswitch_2 - Tswitch_1)
· Further discuss the granularity of the optional UE capability:
· Option 1a: per band pair per BC
· Other options are not precluded
Option 2: Do not introduce the advanced optional UE ability.


In addition to the baseline UE assumption, RAN4 agreed to introduce optional UE capability to allow UL transmission on the band with the number of Tx chain unchanged but the granularity of UE capability is not decided. For Issue 1-2-1, one of Tx chain is switched between band A and B and the other Tx chain keep unchanged with band C. It is allowed to perform UL transmission on band C during the switching. The granularity of UE capability reporting should be per band (band C) per band pair (A-B) per BC so that band C can be accurately indicated for UL transmission on the other Tx chain.
For Issue 1-2-2, the granularity of per band per band pair can be used for UE capability reporting so that specific band can be indicated for UL transmission.
Proposal 2: It is proposed to report the optional UE capability per band per band pair per BC for the switching cases mentioned in Issue 1-2-1 and Issue 1-2-2.
	Sub-topic 1-3: RAN4 RF requirements
Issue 1-3-1: Requirements for “switched UL” 
· Further discuss in the next meeting:
· Option 1: Define the time mask requirements for bandpair, and the switching requirements should be satisfied for all band pairs capable of Tx switching in a band combination.
· Other options are not precluded.

Issue 1-3-2: Clarification on the common requirements for “switched UL” and “dual UL” cases
· Further discuss the following options in the next meeting:
· Option 1: Add the following clarification for switching time mask
· “The time mask is applicable to uplink transmissions when configured with switchedUL or dualUL.”
· Option 2: Add the following clarification for switching time mask
· “The time mask is applicable to uplink transmissions when configured with switchedUL or dualUL for uplinkTxSwtichingOption which is defined in [TS 38.331]. In case of simultaneous transmission in the two bands when configured with dualUL, the time mask are the same.”
· Other options are not precluded.

Issue 1-3-3: Requirements for “dual UL” case
· In the next meeting, bring CRs for options for further discussion:
· Option 1: For “dual UL”, define switching time mask requirements to cover the following cases with two Tx chains switched between two different band pairs, i.e.,
· For Tx switching across 3 bands or Tx switching across 4 bands with concurrent UL transmission supported on only one band pair, the two Tx chains are in band A before switching, and are in band B and C respectively after switching.
· For Tx switching across 4 bands with concurrent UL transmission supported on at least two band pairs, the two Tx chains are in band A and B respectively before switching, and are in band C and D respectively after switching.
· Other cases are not precluded.
· Option 2:
· Transmission requirements for Tx switching between band pair part of switching and requirements for transmissions for bands with tx chains unchanged due to switching for baseline/advanced feature for scenarios described in issues 1-2-1, 1-2-2 and 1-2-3.
· Other options are not precluded.

Issue 1-3-4: CR language
· Further discuss the language based on the CR in the next meeting:
· Option 1:
· UE requirements are written assuming known network behaviour i.e., not using “UE is not expected to ..” language.
· Language to be used for specifying UE behaviour for concurrent switching periods of different lengths:
“UE shall be capable of starting transmission after the end of switching periods on all bands that are configured for uplink in tx switching. Transient periods are not included in the switching periods.” 
· FFS other options


Based on our reading on the current spec, the switching time requirements are applicable for an uplink band pair of an inter-band UL CA configuration. That is to say, the switching time mask requirement specified in Rel-16/17 is applied per band pair for each band combination. So for Issue 1-3-1, we agree that the time mask requirement should be specified for each band pair.
	[bookmark: _Toc68230780][bookmark: _Toc69084193][bookmark: _Toc75467203][bookmark: _Toc76509225][bookmark: _Toc76718215][bookmark: _Toc83580536][bookmark: _Toc84405045][bookmark: _Toc84413654]TS 38.101-1
6.3A.3.3.3	Time mask for switching between two uplink carriers 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 only applicable for uplink switching mechanisms specified in clause 6.1.6 of TS 38.214 [10], where NR UL carrier 1 is capable of two transmit antenna connectors and NR UL carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies.


In Rel-16/17, the switching time requirements does not distinguish between switchtedUL case and dualUL case and only one switching time mask applies for both cases. There is no additional specific requirements defined for dualUL case. 
Actually in Rel-16/17 that involves two band, for switchedUL case, e.g., A->B + A->B, both Tx chain performs the same switching between the same band pair. The same switching time mask requirements apply. For dualUL case, e.g., A->B + A->A, one Tx chain needs to switch while another Tx chain keeps unchanged. The switching time mask requirements only apply for the switched Tx chain. 
When it comes to Rel-18, it is more complicated for dualUL case with 3 or 4 band involved. For dualUL case, e.g., A->C + B->D, two Tx chains need to perform switching between different band pairs of a band combination. However, the short switching period is not always contained by the long one. That means the total switching time on two Tx chains is not always the long switching time. All potential cases should be taken into account to specify time mask requirements, as shown in figure 1.
For the baseline UE capability, the long switching period should be used as non-transmission duration if the short switching time is contained by the long one. If the switching on 1st Tx chain (with long switching period Xus) starts prior to 2nd Tx chain (with short switching period Yus) and the short switching period is not contained by the long one, the total switching time during which UL transmission is not allowed should be from the start of the long switching period to the end of the short switching period. If the switching on 1st Tx chain (with long switching period Xus) starts after 2nd Tx chain (with short switching period Yus) and the short switching period is not contained by the long one, the total switching time during which UL transmission is not allowed should be from the start of the short switching period to the end of the long switching period.
For the option UE capability if introduced, the separate time mask requirement for each band pair should apply. 







Figure 1: Possible location of switching period on two Tx chains
For Issue 1-3-2, switchedUL case should have the same time mask requirement. But dualUL case is possible to have two different time masks on two Tx chains. The intention of Option 2 is to specify one unified time mask for two band pairs for dualUL case but needs more clarification on what time mask should be followed for baseline UE capability. As discussed above, the total switching period during which UL transmission is not allowed should be used in the unified time mask by considering different locations of switching period on two Tx chains (see figure 1).
Proposal 3: For dualUL case, the total switching period during which UL transmission is not allowed should be used by considering different locations of switching period on two Tx chains.
For Issue 1-3-3, the time mask for switchedUL or dualUL case with baseline UE capability or optional UE capability can be defined as below:
· For switchedUL case, each time mask for each band pair applies.
· For dualUL case with baseline UE capability, the time mask with the total switching time mentioned above should apply for both band pairs.
· For dualUL case with optional UE capability, each time mask for each band pair applies.

Proposal 4: The time mask for switchedUL or dualUL case with baseline UE capability or optional UE capability can be defined as below:
· For switchedUL case, each time mask for each band pair applies.
· For dualUL case with baseline UE capability, the time mask with the total switching time mentioned above should apply for both band pairs. 
· For dualUL case with optional UE capability, each time mask for each band pair applies.
3. Conclusion
This contribution gives our views on UL Tx switching with single TAG. The following proposals are derived: 
Proposal 1: The length of switching period specified in Rel-16/17 can be reused for each band pair in Rel-18.
Proposal 2: It is proposed to report the optional UE capability per band per band pair per BC for the switching cases mentioned in Issue 1-2-1 and Issue 1-2-2.
Proposal 3: For dualUL case, the total switching period during which UL transmission is not allowed should be used by considering different locations of switching period on two Tx chains.
Proposal 4: The time mask for switchedUL or dualUL case with baseline UE capability or optional UE capability can be defined as below:
· For switchedUL case, each time mask for each band pair applies.
· For dualUL case with baseline UE capability, the time mask with the total switching time mentioned above should apply for both band pairs. 
· [bookmark: _GoBack]For dualUL case with optional UE capability, each time mask for each band pair applies.
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