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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].  
2 Location of the switching periods and time T0 on band pairs
The first item of the WF [] is
Sub-topic 1-1: Exact location of switching period

Way forward after round 2 discussion:
· For Rel-18 Tx switching, further discuss the following options taking into account RAN1 response:
· Option 1: the switching period immediately precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission

· Option 1a: the switching period ends at time T0
· Option 2: define the time relation of the switching period location and T0 for two cases with the switching period located on the switch-from carrier and switch-to carrier respectively.
· The switching period location is determined based on the following RAN1 agreement:
The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.

· Option 3: No need to define the time relationship between the location of the switching period and T_0 in RAN4 specification

Option 1 would have been the most optimal but not possible to agree. We observe that
Observation 1: for the ‘exact location of the switching period’, Option 1 (the switching period immediately precedes the time T0) would have allowed predictable UE behavior and predictable location of DL interruptions. The definition of the time relationship between the location of the switching period and T0 location (Option 3) is specified by RAN1 in 38.214 for the two-band case, the switching period part of the preparation phase for scheduled transmissions. The same should apply for the switching band pairs of a 3-4 band combination. 
Option 2 could lead to ambiguities similar to the location of the switching period by RRC for the two-band case; the UE should only be allowed to drop symbols before T0 no matter if a transmission gap is provided by the network. Normal behavior should be that the UE starts transmitting when scheduled. 
In [2] we propose to amend the specification of the transient period locations for the case when the network provides a transmission gap before T0 long enough to absorb the entire switching period for all existing two-band cases in clause 6.1.6. Transients would be allowed at the first symbols of all transmissions at T0 or later and at the end of the transmission. This applies for both the switch-to and switch-from carrier (the time T0 on the switch-to carrier) in the case of dual UL. We propose to make the same provision when a switch occur on one band pair of a 3-4 combination as shown in Figure 1. Switching is completed by T0 and any RRC configuration of the switching period or band prioritization can be ignored by the UE.
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Figure 1: switching within one band pair of a three-band combination.
Proposal 1: for switching within one band pair of a 3-4 band combination
· if an uplink switching is triggered for an uplink transmission starting at T0 based on higher layer configuration(s) or DCI(s) received before T0 − Toffset as specified in 38.214 and the UE is not scheduled or configured with uplink transmissions for a duration of at least the uplink switching gap [image: image3.png]N. Tx1-Tx2



 on any of the carriers before T0, then

· transient periods of 10 ms are located at the end of the last symbol(s) scheduled on the carriers before T0 and at the start of the first symbol(s) scheduled or configured after T0.
without concurrent switching on any other band pair. The band propriety configured by the gNB can be ignored in this case.
3 Concurrent switching on two band pairs
Concurrent switching apparently refers to overlapping switching periods, but from a network scheduling perspective the start of transmissions on the two band pairs involved in the switching is also important. Some UE may implement concurrent switching in sequence.
The WF [1] lists the following three-band switching case:

Sub-topic 1-3: Switching case across three bands, i.e., switch between {1T, 1T, 0T} and {0T, 0T, 2T}

Issue 1-3-1: Feasibility of this switching case
[image: image4.png]ARSlotsubsiofonithe NR slot/subslot on the carrier(s) in band Z R SI?"SUb.SIOt SIS
carrier(s) in band X

carrier(s) in band X

I [ [ L
N [ [ ™
_ ] | | ONpower ONpower 1 [
| requirements requirements_ |
ON power requiremept : 1o Laemen z 1 : 1< Ot poer requirement
! o |
gl 10ps tipnsignt period 10 s tipnsignt periog D
10 ps transient period i i 10 psgransient period
. 1 «—!
Switching period, Switching period,
max(X1, X2) ys max(X1, X2) ys
1 1
NR slot/subslot(s) on the 5 5 NR slot/subslot on the
" " (s) NR slot/subslot on the carrier(s)in band Z " n
carrier(s) in band Y carrier(s) in band Y
! I [ !
Tl [ I I
_ ] | | ONpower ONpower 1 [
| requirements requirements_ |
ON power requiremelt : I z 1 : 1 O power reuirement
! o |
gl 10ps tipnsignt period 10 s tipnsignt periog D
10 ps transient period i i 10 psgransient period
. 1 «—!
Switching period, Switching period,

max(X1, X2) ys max(X1, X2) ys




Way forward:

· From RAN4 perspective, the switching between {1T, 1T, 0T} and {0T, 0T, 2T} is possible.
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: image6.png]N. Tx1-Tx2



 on any of the carriers” for switching to and from carriers requiring a switching gap. For the gNB to able to avoid scheduling the UE during Tx switching, the location of the actual start of transmissions T0 both for scheduled and 

Rather than considering the priority of the band for determining the swtiching period location as per the

	Agreement

Alt.5: gNB configures priorities to each carrier/band.

The gNB configures priority for each band. The UE determines the switching period location on either switching-from band(s) or switching-to band(s) that is involved in the UL Tx switching and is not with the highest priority band.


we propose that the network can assume that swtiching is completed at the time(s) T0 if the entire switching period required for concurrent swtiching is absorbed by a transmission gap. Figure 2 illustrates a case with three-band switching, one pair with a X µs swtiching-period capability and another band pair with Y µs capability. Transmissions can start (and are expected to start) at different times T0, transmission can be a PUSCH (carrier 2) and the another a PRACH for example. We assume that the total swtiching period is less than or equal to the sum of the advertised switching periods.
We make the following 

Proposal 2: if for concurrent switching on two band pairs the network provides a transmission gap on all carriers absorbing the sum of the switching period capabilties of the said band pairs, then transmissions start the time(s) T0 with switching completed and 
· transient periods of 10 ms are located at the end of the last symbol(s) scheduled on the carriers before the time(s) T0 and at the start of the first symbol(s) scheduled or configured after the time(s) T0.
This could also work for dual TAG.
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Figure 2: “concurrent” swtiching on two band pairs with a gap provided by the network.
Admittedly, the relation to the following RAN1 agreement need further consideration for the case above regarding any possible timing difference between the time(s) T0.
	-
When the UE first switches at least one transmitter from any one band to another, and later again switches at least one transmitter from any one band to another, and at least three bands are involved in the transmissions before the first switch, between the first switch and the second switch, and after the second switch,

-
the minimum separation time between the start of all transmission(s) after the first switch and the start of all transmission(s) after the second switch is max {X, Y}, where

-
X is {0, 500 µs} as indicated by [MinSwitchSeparation]
-
Y is the switching gap capability [image: image9.png]NTXI—TXZ



 indicated for the band pair of the second switch


4 Band combinations and fallback
For fallback reporting, the WF [1] lists
Sub-topic 1-6: Fallback of Rel-18 Tx switching to Rel-16/17 Tx switching

· Captured in the LS [as]
RAN4 has also discussed the fallback of Rel-18 Tx switching to Rel-16/17 Tx switching, and reached the following agreement and understanding:

· The indication of supported switching band combinations of the UE capability can also imply the capabilities of the fallbacks in accordance with the current 38.331 fallback framework.
· Rel-18 Tx switching capability will include all sufficient capabilities for two-band switching. In addition, UE may also declare two-band Tx switching capabilities with Rel-16 and/or Rel-17 capabilities. If UE is configured for two-band Tx switching only and UE declares those Rel-16/17 capabilities, then Rel-16/17 capabilities apply for this two band Tx switching. 
Band-combination reporting for 3-4 band switching can be based on existing Rel-16 BC reporting but with Rel-18 extension, the existing Rel-16 can list > 2 bands of the top-level BC and all band pairs. The UE does not have to support switching across all band pairs. Fallback should mean that all band pairs including the released band/carrier are also released. Rel-16/17 supported but capability can be different when a band pair is part of the top-level (3-4 band) combination.
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 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 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 UE does not have to support switching across all switching band pairs of a supported band combination; fallback means that all band pairs including the released band/carrier are also released.
5 Proposal

We observe that
Observation 1: for the ‘exact location of the switching period’, Option 1 (the switching period immediately precedes the time T0) would have allowed predictable UE behavior and predictable location of DL interruptions. The definition of the time relationship between the location of the switching period and T0 location (Option 3) is specified by RAN1 in 38.214 for the two-band case, the switching period part of the preparation phase for scheduled transmissions. The same should apply for the switching band pairs of a 3-4 band combination.
and propose that

Proposal 1: for switching within one band pair of a 3-4 band combination

· if an uplink switching is triggered for an uplink transmission starting at T0 based on higher layer configuration(s) or DCI(s) received before T0 − Toffset as specified in 38.214 and the UE is not scheduled or configured with uplink transmissions for a duration of at least the uplink switching gap [image: image11.png]N. Tx1-Tx2



 on any of the carriers before T0, then

· transient periods of 10 ms are located at the end of the last symbol(s) scheduled on the carriers before T0 and at the start of the first symbol(s) scheduled or configured after T0.
without concurrent switching on any other band pair. The band propriety configured by the gNB can be ignored in this case.

and that the network can assume that swtiching is completed at the time(s) T0 if the entire switching period required for concurrent swtiching is absorbed by a transmission gap
Proposal 2: if for concurrent switching on two band pairs the network provides a transmission gap on all carriers absorbing the sum of the switching period capabilties of the said band pairs, then transmissions start the time(s) T0 with switching completed and 

· transient periods of 10 ms are located at the end of the last symbol(s) scheduled on the carriers before the time(s) T0 and at the start of the first symbol(s) scheduled or configured after the time(s) T0.
For BC we propose that
Proposal 3: for 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 UE does not have to support switching across all switching band pairs of a supported band combination; fallback means that all band pairs including the released band/carrier are also released.
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