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1 Background
In this contribution we consider remaining issues the Rel-18 three- and four-band switching cases as listed in the WF [1].  We propose that time masks for all switching cases include the locations of the switching periods and time T0. These masks are relevant for both UL CA and SUL. Fallback switching combinations are also discussed: we note that the configuration of UL switching by the UplinkTxSwitching must be extended to allow additional carriers
UplinkTxSwitching-r16 ::=              SEQUENCE {

    uplinkTxSwitchingPeriodLocation-r16    BOOLEAN,

    uplinkTxSwitchingCarrier-r16           ENUMERATED {carrier1, carrier2}

}

but that existing Rel-16 1T-2T and Rel-17 2T-2T two-band switching can be supported as fallback combinations.
2 Location of the switching period and time T0
Specification of the locations of the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands. 
For all switching scenarios of UL CA and SUL with more than two bands, we assume that “the UE is not expected to transmit for the duration of [image: image2.png]N. Tx1-Tx2



 on any of the carriers” for switching to and from carriers requiring a switching gap. Clearly, for the gNB to able to avoid scheduling the UE during Tx switching, the location of the switching period must be known. Furthermore, specified location(s) of the switching period(s) preceding T0, would also locate all possible DL interuption within timing errors and inaccuracy.  

The first issue considered is related to the LS [2] received from RAN1:
Issue 1-4-2: Location of switching period in relation to time T0

Background:
RAN1 agreement for Rel-16 maintenance on Wednesday of this week (the green highlighted part has been agreed by RAN1)
[image: image3.png]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, -
o The time of no UL transmission allocated absorbs the switching period
o 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. -
o The setting of uplinkTxSwitchingPeriodLocation has no impact. -
o The end of the switching period is located at the start of the UL transmission on the switch-to carrier
- 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.
- Change the sentence in the 38.214 6.1.6 to refer to 38.101 accordingly as below .
o 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, and the location of
the switching gap is defined in [8, TS 38.101-3 and TS 38.101-1]. -





Way forward:
· Further discuss on whether or not to define the time relationship between the location of the switching period and T_0 in RAN4 specification, taking into account the RAN1 agreement.
· Note: Similar change to Rel-16/17/18 if any change is needed.
Absence of any specification of the location of the switching period in 38.214 makes it essential to define this in the time masks of 38.101-1, also a viable specification since the relation between the transient periods and the locations of T0 and the switching periods would be covered.
We propose that

Proposal 1: notwithstanding any specification in 38.214, time masks shall include the location of the switching period and time T0 for all cases from Rel-16 to make clear the following

· that the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission 

· the location of T0 and the switching period in relation to transient periods (the symbol following T0 affected)
To this end, an example time mask for the single-TAG case is  shown in Figure 1 with the switching period configured on carrier 1 (top) and carrier 2 (bottom). Symbols not scheduled and overlapping with configured switching periods are shaded. Transmissions only applicable for dualUL transmissions are shown in grey highlight, these are not applicable for switchedUL and SUL. Other symbols not transmitted are not highlighted, there are no transmissions overlapping with 1-port transmission on carrier 2 for switchedUL/SUL or 2-port transmission on carrier 2. For the switching period configured on carrier 1, n1 symbols of duration Tsymb,1 (the shortest symbol length in a slot including the CP) of the numerology mUL,1 on carrier 1 just overlapping with the switching period must be blanked (not scheduled). For dualUL transmission the corresponding number of symbols for the numerology mUL,2 on carrier 2 must be blanked. The case for the switching period configured on carrier 2 (bottom) is similar.
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Figure 1: example time mask for the single-TAG case with the swtiching period and time T0 indicated.
3 3-4 band cases with single-TAG

Next we consider switching across more than two bands with single TAG and the following issue listed in the WF [1]

Issue 1-4-3: Time mask for dualUL related switching scenarios
Background:
< text omitted >
· Further discuss whether and how to cover the following scenario based on the RAN1/2 further agreement.
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in view of the following by RAN1 [3]
Offline consensus:

Confirm the working assumption with following updates

· (working assumption) If two uplink switching are triggered and UL transmissions involved in the two uplink switching are on more than 2 bands within any two consecutive reference slots, then the time duration between the start of all transmission(s) after 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 maximum 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}

We consider in turn the cases of overlapping switching periods and adjacent switching periods.
Overlapping switching periods
In Figure 3 a three-band case with overlapping switching periods of different lengths are shown for the single-TAG case, two TDD bands supporting UL-MIMO and one FDD UL band. The switching periods are configured on the carrier 3 for both band pairs involved in the switching – while recognizing that configuration of the switching period location is non-trivial -- and that the switching period ‘X’ for the carrier 2-3 pair is shorter than ‘Y’ for the carrier 1-3 pair. In this case we assume that the time T0 is configured concurrently on two carriers following overlapping switches from the 2-port transmission on carrier 3. The switching on both carriers must precede the T0 on carrier 2 for otherwise transmissions on carrier 2 occurs before transmissions commence on carrier 1. Alternatively, a degradation may have to be accepted on carrier 2 in case the Tx switch to carrier 1 on the FDD band is not completed before T0 on carrier 2. The duration between the first switch on the carrier 2-3 pair and the second (overlapping) switch should be at least
max(X, switching period Y)

with X the capability with value set {0, 500} ms, a value 0 ms not relevant in this case even if supported. 
Figure 4 shows the same case but with the switching period configured on carrier 2, no transmissions should occur on carrier 3 before T0 on carrier 2 regardless.
We make the following

Proposal 2: specification the locations of the the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands and is included for all cases.
A specification of the location of the switching period w r t T0 would also locate possible DL interuptions.  
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Figure 2: three-band switching for single-TAG with overlapping switches with the switching period configured on carrier 3 for switching band pairs involved.
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Figure 3: three-band switching for single-TAG with overlapping switches with the switching period configured on carrier 2 for switching band pairs involved.
Adjacent switching periods
The case of T0 occurring in adjacent switching periods across carriers is less obvious from a specification as evident in Figure 5 for a four-band switching case. The switch prior to T0 on carrier 1 cannot occur before the end of the 1-port transmissions on carrier 4 unless the latter is unaffected by a switch on the carrier 1-2 pair. A similar restriction applies before the end of the 1-port transmissions on carrier 1 unless the latter is unaffected by a switch on the carrier 3-4 pair.
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Figure 4: Figure 4: four-band switching for single-TAG with adjacent switching periods.
4 Fallback for Rel-18 Tx switching
The release of a carriers and support of fallback configurations are also an issue of the WF [1]:
Issue 1-1-3: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching
Candidate options:
· Option 1: 
UE will report the 3/4 band combination with Tx switching capability. It is expected that this gives the network sufficient information on UE capability for Tx switching across all fallback combinations.
· Option 2:
For a band pair supported Rel-18 1T-2T switching, Rel-16 1T-2T switching is supported as well.
For a band pair supported Rel-18 2T-2T switching, Rel-17 2T-2T switching is supported as well.
· Other options are not precluded
Signaling of the Rel-18 cases is still discussed by RAN2, but we assume that the standard fallback rules will apply also for the Rel-18 three- and four band Tx-switching cases. These switching band combinations must be specified in the 38.101-1, not only the switching pairs, and it is assumed that the indication supported switching-band combinations of the UE capability also implies the capabilities of the fallbacks when UL carriers are released. In case a two-band fallbacks are supported with different capabilities, such as the Rel-16 or Rel-17 capabilities of Option 2 above, these can also be indicated (optional) following the existing procedures reporting of band-combination, feature set combinations and feature sets supported by the UE in the 38.331.
We propose that
Proposal 3: for fallbacks of supported Rel-18 band combinations with Tx switching band pairs, it is assumed that 
· the Rel-18 switching band combinations are specified in the 38.101-1 (not only the switching band pairs) 

· the indication of these in supported switching-band combinations of the UE capability also implies the capabilities of the fallbacks in accordance with the current 38.331

· two-band fallbacks can be indicated in addition if capabilities in fallback are different: this can be Rel-16 1T-2T or Rel-17 2T-2T switching capabilities if supported (optional)
5 Proposal

We propose 
Proposal 1: notwithstanding any specification in 38.214, time masks shall include the location of the switching period and time T0 for all cases from Rel-16 to make clear the following

· that the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission 

· the location of T0 and the switching period in relation to transient periods (the symbol following T0 affected)
Proposal 2: specification the locations of the the T0 and switching periods in time masks are not less important for Tx switching across 3-4 bands and is included for all cases.
Proposal 3: for fallbacks of supported Rel-18 band combinations with Tx switching band pairs, it is assumed that 

· the Rel-18 switching band combinations are specified in the 38.101-1 (not only the switching band pairs) 

· the indication of these in supported switching-band combinations of the UE capability also implies the capabilities of the fallbacks in accordance with the current 38.331

· two-band fallbacks can be indicated in addition if capabilities in fallback are different: this can be Rel-16 1T-2T or Rel-17 2T-2T switching capabilities if supported (optional)
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