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Introduction
[bookmark: _Hlk510705081]This contribution discusses the configuration of the location of the switching period in UL Tx Switching, and the minimum separation of two uplink Tx Switches.
1 Discussion
Location of the switching period
Ambiguity in the current specification
The TS 38.214 subclause 6.1.6 states that “the conditions under which the switching gap may be present and the location of the switching gap are defined for each of the cases in clauses 6.1.6.1, 6.1.6.2, and 6.1.6.3 respectively.”, but the clauses 6.1.6.x only define the duration of the switching gap, not the exact location.
For EN-DC-based UL Tx switching the TS 38-101-3 subclause 6.3B.4 defines the switching period location relative to the E-UTRAN subframe boundary so that the switching period is always on the NR side of the E-UTRAN subframe boundary.
	The switching periods described in Figure 6.3B.4.1-1 are only located in NR carrier, and the length of uplink switching period X is less than the value indicated by UE capability uplinkTxSwitchingPeriod.
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Figure 6.3B.4.1-1: Time mask for switching between E-UTRA UL carrier and NR UL carrier, where the switching period is located in NR carrier



For CA and SUL-based UL Tx switching the TS 38.101-1 subclauses 6.3A.3.3 and 6.3C.3 define the location of the switching gap for CA and SUL-based UL Tx Switching with a set of figure pairs that relate to the configuration of UplinkTxSwitchingPeriodLocation. The figures place a time instant at the boundary of slot/sub-slot, but it is not obvious what constitutes as the slot/sub-slot boundary.
	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 X is less than the value indicated by UE capability uplinkTxSwitchingPeriod2T2T.
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Figure 6.3A.3.3.5-1a: Time mask for switching between one carrier in band A and two contiguous carriers in band B, where the switching period is located in band A
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Figure 6.3A.3.3.5-1b: Time mask for switching between one carrier in band A and two contiguous carriers in band B, where the switching period is located in band B



Observation 1: Contrary to the statement in clause 6.1.6, the TS 38.214 does not define the time-location of the switching period.
Observation 2: For EN-DC based switching the TS 38-101-3 unambiguously defines the switching period location relative to the E-UTRAN subframe boundary so that the switching period is always on the NR side of the sub-frame boundary. However, it is not clear what happens if the NR transmission doesn’t start right at the LTE sub-frame boundary.
Observation 3: For CA and SUL-based switching the TS 38.101-1 defines whether the switching period is located in time before or after a switching reference point in time, but the reference point used is a slot/sub-slot boundary, which is not clear.
The switching location cannot be fixed at a slot boundary as the uplink transmission may start at any point in the slot. Figure 1 shows a typical FDD 15kHz and TDD 30 kHz CA with TDD pattern of 10:2:2. E.g. with 140 us switching period, the TDD uplink starts at symbol#12, and every second time the FDD uplink after the switch alternates between start symbol #2 and #9. 
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[bookmark: _Ref127365626]Figure 1: FDD15-TDD30 with DDDSU (10:2:2), switching period on the FDD UL (140 us switching period)

The key question is that what is the role of the “uplinkTxSwitchingPeriodLocation” configuration when the scheduler creates a sufficient gap between the end of the transmission on the switch-from carrier and the start of the transmission on the switch-to carrier. E.g. in the above setup, what does difference does the configuration have if the FDD slot is scheduled to stop transmission at symbol #10 at slot #1 and resume transmission on slot #9 in slot #2 etc. i.e. the uplink allocations on the two uplink carriers are as in Figure 2. 
[image: ]
[bookmark: _Ref127542876]Figure 2: FDD15-TDD30 with DDDSU (10:2:2), switching period scheduled on the FDD carrier (140 us switching period)

As this ambiguity is related to Rel-16 specification, a corresponding CR is submitted to this meeting for agenda item 7.2 in [9], [10].
Extension of the current specification to support up to 4 bands
RAN1#111 discussed the location of the switching gap on a set of new switching cases introduced by the addition of more bands. RAN1#111 summary [7] identified a number of alternatives, but there was not time to conclude on the discussion.
	Updated proposed agreement 6
Down-select a solution for the ambiguity issue on switching period location from following alternatives.
· Alt.1: switching period location is configured per band pair
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to highest carrier frequency among the bands configured with switching period location as TRUE
· Alt.2: switching period location is configured per band pair, and the priority list of bands is also configured
· If there are multiple bands configured with switching period location as TRUE in the bands involved in a switching, the switching period location is determined to the band with lowest priority among bands configured with switching period location as TRUE
· Alt.3: gNB configures “switching-from band” or “switching-to band”
· If gNB configures “switching-from band” as switching period location, switching period is located on band(s) where preceding transmission is performed
· Alt.4: gNB configures switching period location per switching case
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {B - C}, {A+B - C}, {A+C - B}, {B+C - A}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A - B}, {A - C}, {A - D}, {B - C}, {B - D}, {C - D}, {A+B - C}, {A+B - D}, {A+C - B}, {A+C - D}, {A+D - B}, {A+D - C}, {B+C - A}, {B+C - D}, {B+D - A}, {B+D - C}, {C+D - A}, {C+D - B}, {A+B – C+D}, {A+C – B+D}, {A+D – B+C}
· Alt.4-rev: gNB configures switching period location per configured 3 or 4 bands
· In 3 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {B, C}, {A, B, C}
· In 4 bands case, gNB configures switching period location for each of switching case pair such as {A, B}, {A, C}, {A, D}, {B, C}, {B, D}, {C, D}, {A, B, C}, {A, B, D}, {B, C, D}, {A, B, C, D}
· Alt.5: gNB configures priorities to each carrier/band.
· The UE determines the switching period location on the band that is not with the highest priority.



The impact of each of the abovementioned alternatives depends on how the Rel-16/17 specification is understood wrt. The uplinkTxSwitchingPeriodLocation configuration. The most straight forward extension of Rel-16/17 would be to configure the location per band pair, but in the end of the day what is needed is that for each band pair the location is determined and the configuration is sufficiently flexible in the system. If the Rel-16/17 interpretation is such that the switching period never cuts the beginning of the starting transmission (i.e. it is always possible to schedule around the switching period), then placing the period always on the switch-from band would seem logical.
Proposal 1: Determine under AI 7.2 what is the correct interpretation of the uplinkTxSwitchingPeriodLocation before concluding on how the switching period location is extended to 3 or 4 bands.
Minimum distance between two switches
RAN1#111 made the following agreement and working assumption:
	Agreement
Following restrictions are applied for Rel-18 UL Tx switching across 3 or 4 bands.
· The UE does not expect to perform more than one uplink switching within a reference slot based on µUL = max(µUL, 1, µUL, 2, µUL, 3) in case of 3 bands, µUL = max(µUL, 1, µUL, 2, µUL, 3, µUL, 4) in case of 4 bands, where µUL, 1, µUL, 2, µUL, 3, µUL, 4 are SCSs of active UL bandwidth parts of the bands in the band combination
· If there are two consecutive intra-band carriers in one band, µUL, 1 = max(µUL, 1-1, µUL, 1-2), where µUL, 1-1 and µUL, 1-2 are SCSs of active UL bandwidth parts of the carriers in the band
· [bookmark: _Hlk127370186](working assumption) If two uplink switching are triggered and result in UL transmissions on more than 2 bands within any two consecutive reference slots, then the time duration between the end of all transmission(s) prior to the first uplink switching and the start of all transmission(s) after the second uplink switching within the two reference slots is expected to be not less than a minimum separation time 
· The minimum separation time is a sum of X us and the switching gap required for the second uplink switching.
· X us is subject to UE capability with a value set of {0us, 500us}



According to the working assumption, taking a 15 kHz FDD – 30 kHz TDD CA where the TDD pattern is DDDSU with S-slot 10:2:2 for DL:gap:UL symbols, and placing the switching period on the TDD carrier, with 140 us switching period the 500 us + 1 x switching period separation time just works, as depicted in Figure 2. However, if the switching period is 210 us, then the minimum separation between the switch-to-TDD carrier and switch-from-TDD carrier is still 18 symbols (500 us + 140 us), but the minimum separation required by the UE is 500 us + 210 us.
[image: ]
[bookmark: _Ref127388807]Figure 2: FDD15-TDD30 with DDDSU (10:2:2), switching period on the TDD UL (140 us switching period)

Observation 4: The working assumption with X=500 us limits placing the switching period on the TDD uplink with some TDD patterns and some switching period capabilities.
Proposal 2: Amend the working assumption to
· The minimum separation time is a sum maximum of {X us, and 2 x the switching gap required for the second uplink switching}.
· X us is subject to UE capability with a value set of {0us, 500us}


When considering two timing advance groups, where the uplinks are not symbol-boundary alignment, at least one additional symbol needs to be sacrificed for the switch, With the X=500 us and the minimum separation time of X + one switching gap further reduces the TDD patterns that can be applied with UL Tx Switching. Thus it is important to reduce the minimum separation time by one symbol duration to still be able to operate the same TDD configurations.
Proposal 3: For two timing advance group support, modify the working assumption to:
· X us is subject to UE capability with a value set of {0us, 500us} for single TAG, and {0, 430 us} for more than one TAG.
Conclusion
In this contribution the following observations and proposals are made:
On the location of the switching period
Observation 1: Contrary to the statement in clause 6.1.6, the TS 38.214 does not define the time-location of the switching period.
Observation 2: For EN-DC based switching the TS 38-101-3 unambiguously defines the switching period location relative to the E-UTRAN subframe boundary so that the switching period is always on the NR side of the sub-frame boundary. However, it is not clear what happens if the NR transmission doesn’t start right at the LTE sub-frame boundary.
Observation 3: For CA and SUL-based switching the TS 38.101-1 defines whether the switching period is located in time before or after a switching reference point in time, but the reference point used is a slot/sub-slot boundary, which is not clear.
Proposal 1: Determine under AI 7.2 what is the correct interpretation of the uplinkTxSwitchingPeriodLocation before concluding on how the switching period location is extended to 3 or 4 bands.

On the minimum separation of two switches
Observation 4: The working assumption with X=500 us limits placing the switching period on the TDD uplink with some TDD patterns and some switching period capabilities.
Proposal 2: Amend the working assumption to
· The minimum separation time is a sum maximum of {X us, and 2 x the switching gap required for the second uplink switching}.
· X us is subject to UE capability with a value set of {0us, 500us}

Proposal 3: For two timing advance group support, modify the working assumption to:
· X us is subject to UE capability with a value set of {0us, 500us} for single TAG, and {0, 430 us} for more than one TAG.
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