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Introduction
[bookmark: _Hlk510705081]This contribution discusses an ambiguity of the location of the UL Tx switching period in relation to the incoming LS from RAN1 [1], also included in Section 4, and proposes a solution/response to the issue identified by RAN4 by proposed text to address the issue in as presented in [2].
1 Issue with the Uplink Tx Switching period location
Ambiguity in the current TS 38.101-1
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 6.1.6.1, 6.1.6.2 and 6.1.6.3 only define the duration of the switching gap, not the exact location.
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 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.
[image: ]
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: The figures 6.3A.3.3.5-1a and -1b of 38.101-1 place a time instant at the boundary of slot/sub-slot, but it is not obvious what constitutes as the slot/sub-slot boundary.
Observation 2: Contrary to the statement in clause 6.1.6, the TS 38.214 does not define the time-location of the switching period. This was one of the triggers to the RAN1 discussions and lead to the LS to RAN4
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. 
[image: ]
[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 difference does the configuration of the “uplinkTxSwitchingPeriodLocation” make if the FDD slot is scheduled to stop transmission at symbol #10 at slot #1 and resume transmission on symbol #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), scheduler leaves a 140 us gap between the transmissions (140 us switching period)

If in the case of Figure 2 the uplinkTxSwitchingPeriodLocation configures the switching gap on the FDD carrier, if the switching gap is understood to start at the nominal start of the UL transmission, that would lead to cutting the first symbol(s) of the FDD transmission after the switch. This interpretation is depicted in Figure 3. This would be a very unfortunate interpretation as the gNB could not avoid the scheduled uplink to be cut no matter what it did. 
[image: ]
[bookmark: _Ref131712365]Figure 3: uplinkTxSwitchingPeriodLocation on the FDD carrier – the first two symbols of the FDD UL transmission after the switch and last twi symbols before the switch are cut

Similarly, if on the case of Figure 2 the uplinkTxSwitchingPeriodLocation configures the switching gap on the TDD carrier, if the switching gap is understood to start at the nominal start of the UL transmission, that would lead to cutting the first symbol(s) of the TDD transmission after the switch and last symbols before the switch. This interpretation is depicted in Figure 4. This would be a very unfortunate interpretation as the gNB could not avoid the scheduled uplink to be cut no matter what it did. 
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[bookmark: _Ref131712619]Figure 4: uplinkTxSwitchingPeriodLocation on the TDD carrier – the first four symbols of the TDD UL transmission after the switch and last four symbols before the switch are cut

Observation 4: The switching period location as depicted in Figure 3 and Figure 4 is obviously wrong. When the scheduler leaves a gap between the end of the switch-from transmission and the start of the switch-to transmission it would be pointless to nevertheless impose a switching period on a scheduled part of the transmission.
Considering the issues and ambiguity described in the previous clarifications have been proposed added as shown in the provided draft CR in [2].
Proposal 1: RAN4 shall agree to the draft CR to Rel-16 38.101-1 in [2].
By normal practice when the draft CR in [2] to Rel-16 38.101-1 is agreed/endorsed corresponding Cat-A CRs are to be agreed/endorsed for Rel-17 and Rel-18. In this specific case the specification for the impacted section is quite different from Rel-16 to Rel-17/18. The intention of the Cat-F CR in [2] to Rel-16 shall be reflected in the later releases, however it can be discussed if further clarification/simplifications on the affected clauses is also needed to fully address the intention of the original CR. Therefore Cat-A CRs for Rel-17 and Rel-18 have been provided in [3] for review and reserved as [4], respectively, to present the suggested clarification/simplifications on the affected clauses.
Proposal 2: RAN 4 shall agree Cat-A CRs for 38.101-1 Rel-17 and Rel-18 in [3] and [4], respectively.
Ambiguity in the current TS 38.101-3
The RAN1 LS [1], as also provided in section 4, states that both TS 38.101-1 for NR SA and TS 38.101-3 for EN-DC needs clarification.  
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.
[image: ]
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



Observation 5: 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.
Similar to the proposed clarification for 38.101-1 a draft CR, as provided in [5], for 38.101-3.
Proposal 3: RAN4 shall agree to the draft CR to Rel-16 38.101-3 in [5].
By normal practice when the draft CR in [2] to Rel-16 38.101-1 is agreed/endorsed corresponding Cat-A CRs are to be agreed/endorsed for Rel-17 and Rel-18. These have been reserved as [6] and [7] for Rel-17 and Rel-18, respectively.
Proposal 4: RAN 4 shall agree Cat-A CRs for 38.101-3 Rel-17 and Rel-18 in [6] and [7], respectively.
Conclusion
In this paper we make the following observations and proposals:
Observation 1: The figures 6.3A.3.3.5-1a and -1b of 38.101-1 place a time instant at the boundary of slot/sub-slot, but it is not obvious what constitutes as the slot/sub-slot boundary.
Observation 2: Contrary to the statement in clause 6.1.6, the TS 38.214 does not define the time-location of the switching period. This was one of the triggers to the RAN1 discussions and lead to the LS to RAN4
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.
Observation 4: The switching period location as depicted in Figure 3 and Figure 4 is obviously wrong. When the scheduler leaves a gap between the end of the switch-from transmission and the start of the switch-to transmission it would be pointless to nevertheless impose a switching period on a scheduled part of the transmission.
Proposal 1: RAN4 shall agree to the draft CR to Rel-16 38.101-1 in [2].
Proposal 2: RAN 4 shall agree Cat-A CRs for 38.101-1 Rel-17 and Rel-18 in [3] and [4], respectively.
Observation 5: 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.
Proposal 3: RAN4 shall agree to the draft CR to Rel-16 38.101-3 in [5].
Proposal 4: RAN 4 shall agree Cat-A CRs for 38.101-3 Rel-17 and Rel-18 in [6] and [7], respectively.
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LS on Rel-16 UL Tx Switching period from RAN1
1. Overall Description:
RAN1#112 in February 2023 discussed the question of Uplink Tx Switching related interruption to the uplink and downlink transmissions when the network provided a gap between the end of the switch-from carrier’s UL transmission and the start of the switch-to carrier’s transmission that was sufficiently long to absorb the switching period.
RAN1 reached the following agreement:
Agreement
· If the gNB provides sufficient time between the end of the UL transmission on the switch-from carrier and the start of the UL transmission on the switch-to carrier to absorb the switching period,
· The time of no UL transmission allocated absorbs the switching period
· Neither of the uplink transmissions (the one ending on the switch-from carrier nor the one starting on the switch-to carrier) are interrupted by the switching period.
· The setting of uplinkTxSwitchingPeriodLocation has no impact.
· Defer the discussion on whether/how to define the exact location of the switching period indicated by the UE capability in time domain to RAN4
· From RAN1 point of view, for Rel-16, the implication is to the time domain location of potential interruption of downlink reception if reported by the UE for the band combination
· Defer the potential RAN1 spec change until RAN4 has had the time to react to the RAN1 LS to RAN4.
· Send an LS to RAN4 requesting RAN4 to, in this regard, clarify TS38.101-1 subclauses 6.3A.3.3.2 and 6.3C.3.1 for CA, and SUL based UL Tx Switching, and to TS38.101-3 subclause 6.3B.4.1 for EN-DC.


2. Actions:
To RAN4:
[bookmark: OLE_LINK24]RAN1 respectfully requests RAN4 to take the provided information into account and update the indicated RAN4 specifications accordingly.

3. Date of Next RAN1 Meetings:
RAN1#112-bis-e	April 17th – 26th, 2023		Online
RAN1#113	May 22nd – 26th, 2023		Incheon, Korea
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