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1 Background
The location of the switching period w r t the time T0 in the specification of the time masks for Tx switching has been discussed for a year in RAN4. On the same note, a CR against the Rel-16 version of the 38.214 was submitted to the last RAN1 with specification of the switching period as follows: 

“If an uplink switching is triggered for an uplink transmission starting at T0, the switching gap (switching period of [8, TS 38.101-1]) starts “NTx1-Tx2" before T0, and ends at T0.”
that is, immediately preceding T0 consistent with the proposal in [2]. 

The CR in [1] was not agreed, RAN1 instead making the following agreement liaised to RAN4:
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.

In this contribution we provide a draft Reply LS along the following lines:
· RAN4 will specify the location of the switching period in the time masks for Tx switching for both single TAG (from Rel-16) and multi-TAG (from Rel-18): the switching period immediately preceding the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission.

· RAN1 should also specify the location of the switching period in 38.214 since related to the UE behavior (not RAN4 scope)
A draft Reply LS to this end is attached.
2 The location of the switching period and DL interuptions
According to RAN1 in their LS, 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. Moreover, there RAN1 agreement is subject to that 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. 
In fact, for the gNB to able to avoid scheduling the UE during the Tx switching, the location of the switching period must be known, for otherwise it can occur during the entire PUSCH preparation time or longer (from the DCI triggering the switch). For all switching scenarios of UL CA and SUL, “the UE is not expected to transmit for the duration of [image: image2.png]N. Tx1-Tx2



 on any of the carriers” according to 38.214. This means that the gNB (or test system) must ensure that no UE transmissions are scheduled or configured on any of the uplink carriers during the switching period, no UE dropping behaviour is specified for Tx switching with UL CA or SUL. 
At all events, the switching period must be accommodated from the DCI triggering the switching and the time T0, a duration of at least the PUSCH preparation time that also includes the switching period. Figure 1 shows an UL CA case for  a FDD + TDD combination with a DDDSU configuration on the TDD with multi-TAG with the same TA offset on both uplinks, one-port transmission on FDD (carrier 1), two-port on the TDD (carrier 2) and the switching period configured on carrier 1. Possible transmissions are indicated in green, the switching periods shown in shaded grey. In case location of the switching period preceding T0 on carrier 2 would not be specified, the gNB would have to avoid scheduling the UE from the DCI triggring the switch and the location of the DL interuption could occur anytime during this period in the absence of a specified location. From the figure below, it is evident that location of the switching period should precede T0, which also locates the possible DL interuption within timing errors and inaccuracy. Remark that the gNB must blank additional symbols on carrier 1 prior T0 due to the timing difference in the multi-TAG case, the UL carrier 1 leading in time.
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Figure 1: FDD + TDD multi-TAG case with DDDSU configuration on the TDD.

The case is similar for the single-TAG case (then the absolute timing advance the same on both carriers): note that the PDCCH may also be affected, which could be handled if the location is known. The timing difference between the carriers does not affect the interruption length on any one DL on the two carriers, the interruption only occurs during the switch as discussed in [2]. We illustrate this by considering a “worst” case to exercise the capabilities: switching from 0P+2P to 1P+1P for a FDD + FDD band combination with different numerologies in the two bands DL interruption is allowed on both bands. We make the assumptions that
· “The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in NR carrier.” (38.133)

· the allowed interruption length on both numerologies is determined by the switching period as indicated by the UE capability, the interruption starting within any part of an OS on each carrier

· DL interruption only occurs during the actual Tx switch, simultaneously on both carriers, within a time window of a duration equal to the switching period preceding T0 on the UL for which a switch is triggered.

The single-TAG case is shown in Figure 2. The TA is the same on both uplink carriers with DL carrier 1 as the reference cell, but the actual timing error te,UL on a carrier can be different with te,UL | < Te,UL = 1536 Tc ≈ 0.8 us on each UL, and the DL carrier 1 is lagging DL carrier 2 by the MRTD = BS TAE = 3 us (we assume the maximum allowed). The uplink switching is triggered for an uplink transmission starting at time T0 on UL carrier 1 with the switching period containing the Tx switch preceding. The UE starts its actual transmission after T0 at a time instant including UE timing errors te,UL., and the UE is not scheduled for n*OS (not scheduled) before T0 for a duration at least including the length of the switching period as indicated by the UE capability. We observe that 

Observation 1: the DL interruption duration on both DL carriers is determined by the duration of the Tx switch within the switching period unless PDCCH is affected. If the location is of the switching period is not specified, then the network is unaware when DL interruptions occur; it could be anytime from the DCI triggering the switch to the time T0. 

The MRTD implies an additional timing error for UL carrier 2 in addition to the te,UL since DL carrier 1 is the reference cell for the timing, but for the interruption this only means that its starting point is changed. This can be anywhere within an OS for a given DL interruption length on NR carrier(s) in units of OS. The same applies for the multi-TAG case, the MRTD does not extend the DL interruption length as shown in [2].
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Figure 2: location of the DL interruption in the single-TAG case w r t T0.
We make the following 
Proposal 1:

· the location of the switching period is specified in the time masks for Tx switching for both single TAG (from Rel-16) and multi-TAG (from Rel-18): the switching period immediately preceding the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission.

· A specification of the location of the switching period in 38.214 is encouraged since related to the UE behavior, not RAN4 scope

In case legacy UEs do not meet this and perform the switching anytime during the PUSCH preparation, the DL interruption location inaccurate.
The time masks should inidcate both the location of time T0 and the switching periods in relation to the transient times. For Rel-16 the single-TAG case should be included e.g. as shown in Figure 3. The transmissions in grey are only present for the dualUL configuration. In case the switching period is configured on carrier 1, then n1 OFDM symbols preceding T0 should not be scheduled (blanked). For dualUL, then a number of symbols of the numerology on carrier 2 must be blanked during the switching period. 
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Figure 3: time mask for the single-TAG case with the swtiching period and time T0 indicated.
3 Proposal 

We propose
Proposal 1:

· the location of the switching period is specified in the time masks for Tx switching for both single TAG (from Rel-16) and multi-TAG (from Rel-18): the switching period immediately preceding the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission.

· A specification of the location of the switching period in 38.214 is encouraged since related to the UE behavior, not RAN4 scope

Proposal 2: inform RAN1 accordingly.

A draft Reply LS is attached.
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1. Overall Description:
RAN4 would like to thank RAN1 for the information on the agreement concerning the Rel-16 UL Tx Switching period.
RAN4 has agreed to specify the location of the switching period in the time masks for Tx switching for both single TAG (from Rel-16) and multi-TAG (from Rel-18) for all switching cases: the switching period immediately preceding the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission. This will be included in the TS38.101-1 subclauses 6.3A.3.3.2 and 6.3C.3.1 for CA, and SUL based UL Tx Switching in TS 38.101-3 subclause 6.3B.4.1 for EN-DC. An example of a possible time mask for UL CA is shown below for the Rel-16 case (single TAG), the time mask for SUL the same as that for UL CA with switchedUL configured.
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A consistent specification of the switching period location w r t time T0 also in the 38.214 from Rel-16 would be beneficial since related to UE behaviour during Tx switching.
2. Actions:

To RAN1 group.

ACTION: RAN4 asks RAN1 to consider the above and to consider further a specification of the switching period location in the 38.214.
3. Date of Next RAN WG4 Meetings:
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