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1 Background
In this contribution we consider the outstanding issues for the agreed target scenario for Tx switching with multiple TAG for Rel-18, dual-TAG for switching between 2 bands, that are listed in the RF WF [1] and related issues in the RRM WF [2]. The e-mail discussion in the RF thread is summarized in [3].
We first recall the timing relations between DL and UL carriers. The timing advance TTA is defined in 38.211, clause 4.3.1
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Figure 4.3.1-1: Uplink-downlink timing relation.




The NTA,offset is the same within a TAG, but not necessarily between multiple TAGs when there is a coxistence case in one of the uplink bands. However, the UE is still subject to the maximum uplink slot timing difference MTTD for non-collocated UL CA specified in sub-clause 7.5 of 38.133.
The UL switching time is the same for single-TAG and dual-TAG cases, and the timing difference effect and switching period have already been considered in the PUSCH preparation time in the current specification, and further specification update is not needed as agreed in [1]. 
The network must still be aware of the location of the switching period in relation to the time T0 when the transmission starts on a carrier following a switch, however. The updated time masks in the updated draft CR [4] of the earlier [5] are modified such that the switching period and any uplink slot timing difference are contained in an integer number of OFDM symbols and that time time T0 starts at a symbol boundary of the slot. The switching period capabilites are slightly shorter than an integer numer of OFDM symbol durations (including the CP), from 38.331
ULTxSwitchingBandPair-r16 ::=       SEQUENCE {

    bandIndexUL1-r16                    INTEGER(1..maxSimultaneousBands),

    bandIndexUL2-r16                    INTEGER(1..maxSimultaneousBands),

    uplinkTxSwitchingPeriod-r16         ENUMERATED {n35us, n140us, n210us},

    uplinkTxSwitching-DL-Interruption-r16 BIT STRING (SIZE(1..maxSimultaneousBands)) OPTIONAL

}

2 Location of switching period and outage time

The gNB must be aware when the UE switching period (switching gap [image: image3.png]N. Tx1-Tx2



 in 38.214) occurs before the transmission starts at at T0 on a carrier following a switch triggered earlier than T0-Toffset (the second term the PUSCH preparation time) by DCI(s) or configured grants. This must be no different from the single-TAG case, which is the same as when TTA,1 = TTA,2 in the dual-TAG case.
The UL timing of a serving cell is always derived from the DL timing of the reference cell in the same TAG, the SpCell in the PTAG. For Tx switching, the 38.214 specifies that the UE may omit uplink transmission during the uplink switching gap [image: image5.png]N. Tx1-Tx2



 indicated by the switching-period capability X ms preceding an uplink transmission starting at T0 with due account of the PUSCH processing procedure. This provision does not contain any restriction on the relative DL timing between the two carriers, the switch is expected to occur in a period before T0 that is also derived from the DL timing that the UE must monitor in all cases.
The RF WF [1] for the location of the switching period
Sub-topic 2-4: Location of switching period
WF UL location of the switching period: continued discussion at the next meeting. The location of the switching period must be specified.
is resolved by
Proposal 1: for both single TAG and dual TAG, the switching period always precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission as specified in 38.214. The dual TAG case must be consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2.
There is no need to specify an outage time, however. For all switching scenarios for UL CA, “the UE is not expected to transmit for the duration of [image: image7.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 (gap), no UE dropping behaviour is specified for Tx switching with UL CA. Since scheduling is not specified, the switching period can be accommodated by blanking UL OFDM symbols with different “outage time” during which the UE is not scheduled. 
Figure 1 shows the “outage time” with transmissions omitted during the switching period located on carrier 1 (by RRC configuration) and the tail of the carrier 2 overlapping with the switching period blanked when carrier 2 is lagging in transmission timing. The blanking of OFDM symbols (OS) during the switching period is achieved by e.g. shortening the PUSCH transmission occasions and not configuring control signalling in the last symbol(s) of carrier 2. The “outage time” would be the same as the switching period ignoring the fact that the switching period must be an integer number of OS and that T0 must start at symbol boundaries. 

Figure 2 shows the “outage time” with the blanking of OS only on carrier 1, the outage time on carrier 1 is now less than the switching time + UL timing difference up to MTTD, the maximum time difference between the UL slot timing of non-collocated carriers. 
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Figure 1: time mask with transmissions omitted on both carrier 1 and carrier 2 during the switching period with the switching period (fully) located on carrier 1.
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Figure 2: time mask with transmissions omitted (green shaded) on carrier 1 and a different outage time.

The outage times the examples above are not the absolute TA (twice the DTprop) but related to the timing difference between the carriers as seen at the UE.
Factors for the outage time are included in the WF for RRM [2], Issue 2-2,
In RF WF [R4-2215163]
Issue 3-1-2: UL outage time 
Factors for UL outage time discussed in RF session, to be further checked in RRM session

· UL switching time (UE capability)

· The difference between the TA on the two TAGs, up to MTTD

· Timing and measurement error
The timing and the measurement error is included in the MTTD specified for inter-band UL CA in 38.133:
MTTD = DTprop (30 us) + BS TAE (3 us) + Te,2UL
where the worst-case timing error between two active UL for SCS = 15k on both is

Te,2UL = 2 (TARES + TAeUE + Te) = 2 (512 + 256 + 768) Tc = 3072 Tc ≈ 1.6 us

with

TARES the TA resolution error (from 38.213, the resolution defined as 16*64*Tc/2µ that yields 1024Tc (±512Tc)
TAeUE the timing advance adjustment accuracy setting error (38.133 clause 7.3.2.2)

Te the UE timing error limit (38.133, Table 7.1.2-1)

Hence MTTD = 30 + 3 + 1.6 us = 34.6 us as specified in 38.133, slightly shorter than one symbol duration at SCS = 30k.
We note that the maximum DTprop = 30 us in the MTTD corresponds to 9 km path difference between the sites, shorter if TAoffset if different on the two carriers in a coexistence case. 
In practice the switching periods accommodated by the gNB must be an integer number of OS and the start of transmission T0 after the switch is at a symbol boundary as shown in Figure 3 for the case in which the switching period is located on carrier 1. For the SCS = 30k case, one symbol can be added to the switching period on carrier 1 when the carrier 2 is leading or lagging in time. 
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Figure 3: time mask with transmissions omitted (green shaded) with blanked OS on carrier 1.
When the UE is to transmit at T0, the preceding transmission (on carrier 2 in Figure 3 for example) may be shortened by the scheduler, which would further extend the outage time and gap between these transmissions. The minimum outage time is less than or equal to the switching time + MTTD rounded up to an integer number of symbol durations for the numerology configured on the carrier with the switching location, but this does not have to be specified. 

Proposal 2: there is no need to specify the outage time for the dual TAG case

However, the location of the switching period in relation to time T0 must be specified and the UE behaviour verified in a conformance test. For the case of equal TA on the two TAGs, the above proposals reduce to the single TAG case as shown in Figure 4, the “outage time” is the switching period as contained in an integer number n1 of OS.
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Figure 4 : time mask with transmissions omitted (green shaded) for equal TA on the two TAGs.

3 Location and length of DL interruption with single- and dual-TAG
This is supposed to be discussed in RRM but should also be discussed in RF in relation to the switching period and its location. 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. 
The RRM WF [2] contains the following
< Way forward >:
For Rel-18 Tx switching across 3/4 bands with 2 TAGs,
· Option 1: reuse Rel-16/Rel-17 values for length of DL interruption.
· Option 2: interruption on other serving cells when UL Tx switching occurs across multiple bands shall be defined as:

Tinterrupt = ceil((switching period+2*TA adjustment uncertainty+2*MRTD-CP length)/symbol duration)+1

Where 

· Switching period is being discussed in RF session and the outcome can be reused in interruption design. 

· TA adjustment uncertainty remains same as legacy.

· MRTD=3us which is used to derive R16/R17 DL interruption length is not valid for non-collocated case, further discuss the concrete value of MTRD

<Agreement>: Issue 1-3: Starting point of the DL interruption 

For R18 Tx switching across 3/4 bands with both single TAG and 2 TAGs, reuse the Rel-16/17 agreement on the starting symbol of DL interruption
The DL interruptions are allowed from the first symbol overlapping with the UL switching period on the two UL carriers, from 38.133,

8.2.2.2.10
DL Interruptions at UE switching between two uplink carriers

The DL interruption requirements at dynamic switching between two uplink carreirs specified in this clause are applicable for an uplink band pair of an inter-band UL CA configuration when the capability uplinkTxSwitchingPeriod is present, and is only applicable for uplink switching mechanism specified in clause 6.1.6 of TS 38.214 [26], where NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors, and the two uplink carriers are in different bands with different carrier frequencies. 
When dynamic switching between two uplink carriers is conducted, UE is allowed to cause DL interruption of X OFDM symbols in NR downlink carrier(s) as indicated by uplinkTxSwitching-DL-Interruption [2]. The DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling [2]. The DL interruption lengths of X are defined in Table 8.2.2.2.10-1.

The start of the DL interruption on a carrier depends on the timing advance of the switched uplink carrier(s) relative to the timing of the reference DL cell(s) of the TAG(s). The UL timing of a serving cell is always derived from the DL timing of the reference cell in the same TAG; the SpCell in the PTAG. 
For Tx switching within a single TAG with a TA value NTA (the NTA,offset always the same for a TAG), there can also be timing differences between the uplinks in relation to the corresponding downlink. Figure 5 shows the timing relations for the collocated case with the switching period taken in carrier 1. The DL timing on both carriers must be monitored for timing of the uplink switching also in the collocated case.  The UL timing for all carriers within the TAG is derived from the DL carrier of the reference cell, which means that the actual UL carrier timing relative to that of the corresponding DL carrier can be different for the two cells in the collocated case also due to DL timing errors (the BS TAE) in addition to the UL timing errors. This means that there is a further uncertainty in the starting point of the DL interruption for the carrier of the cell that is not the timing reference.
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Figure 5: the collocated case with the switching period taken in carrier 1.

Figure 6 shows the timing relations between the carriers for the non-collocated case with dual-TAG and the switching period is taken in carrier 1 and NTA,1 > NTA ,2, where NTA,1 and NTA,2 denote the timing advance values for the carriers of each TAG and assuming that NTA,offset is the same on both TAGs (no coexistence case). Each DL carrier, one per TAG in Figure 6, is a timing reference for the corresponding uplink carrier. The starting point of the DL interruption for each carrier is determined by the respective TA including the timing error, but this is not affected by the timing of the carrier of the other TAG.
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Figure 6: the non-collocated case with the switching period taken in carrier 1.

The DL interruption length for the single-TAG case was derived using

Tinterrupt = ceil((switching period+2*TA adjustment uncertainty+2*MRTD-CP length)/symbol duration)+1

where the switching (period) occurs simultaneously on the uplink carriers. The Tinterrupt will therefore not be longer in the dual-TAG case, the starting point on each DL carrier determined by the relative timing of the corresponding UL. The factor two on the MRTD in the expression above is slightly odd since a DL carrier, the reference cell or not, can be either leading or lagging relative to the other DL carrier.
From the above we observe
Observation 1: DL interruption occurs when the switching occurs. For each TAG, the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling. The DL interruption on any one carrier for dual TAG cannot be longer than in the single TAG case.
4 Modified time masks for UE TX switching with dual TAG
Time masks must be specified for functional verification of the switching when the network (as emulated by the test system) is not scheduling or configuring symbols overlapping with the switching period receding the time T0 on either carrier to avoid malfunction in the field. The RF WF [1] contains the following
Issue 2-1-1A: on the wording in the FFS bullet
WF on the wording in the FFS bullet [UE may omit the uplink transmissions corresponding to any TAG during the UE switching time.]: continued discussion at the next meeting. 
and 
Issue 2-1-2: UL outage time and RAN4 CR text
Issue 2-1-2A: RAN4 CR text

WF RAN4 CR text: continued discussion at the next meeting. Two options:

Option 1: modify the time mask for TX switching to include the case of dual TAG with different timing advance on the two TAGs.

Option 2: apply same approach as in R17 V2X that the time mask only contains the UE hardware requirement (switching period), and no TA difference included. The impact of Tx switching with multiple TAGs can be considered as scheduling restriction.

For the latter, Option 1 must be specified such that the UE functionality can be properly tested
Proposal 3: modify the existing time masks such that Tx switching with uplink slot timing difference between carriers is verified when symbols containing the switching period preceding the time T0 are not scheduled by the test system on either carrier to avoid UE malfunction in the field. The approach used for Rel-17 V2X with no TA difference is not sufficient.
The CR text should be based on the 38.214 that “the UE is not expected to transmit for the duration of [image: image15.png]N. Tx1-Tx2



 on any of the two carriers”. This can be captured by

Proposal 4: the time mask specification is based on that “the not expected to be scheduled or configured to transmit on during OFDM symbols containing the switching period” preceding the time T0 starting at a symbol boundary. 

No UE behaviour is specified for the said symbols for UL CA in 38.214.
The time mask should be based on symbols not scheduled before time T0 starting at a symbol boundary, for the switching period located on carrier 1 [4] for example,
For the switching period located in carrier 1 as specified in Figure 6.3A.3.3.2-1c, the UE is not expected to be scheduled or configured to transmit on carrier 1 during n1 ≥ 0 OFDM symbols (OS) containing the switching period and n2 ≥ n1 ≥ 0 OS accommodating the uplink slot timing difference between the uplink carriers in addition. The UE is not expected to transmit on on carrier 1 during any overlap with the switching period preceding T0 on carrier 2 when TTA,1 > TTA,2 and is not expected to transmit on carrier 1 after T0 on carrier 2 when TTA,1 < TTA,2, where TTA,1 and TTA,2 denote the timing advance for the TAG of carrier 1 and carrier 2, respectively. 
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Figure 6.3A.3.3.2-1c: Time mask for switching between UL carrier 1 and UL Carrier 2 belonging to different TAGs, where the switching period is located in carrier 1
That the UE is not expected to transmit in carrier 1 during the overlap after time T0 at carrier 2 due to the uplink slot timing difference is due to the following in 38.214,
The UE is not expected to be scheduled or configured with uplink transmissions that result in simultaneous transmission on two antenna ports on one uplink carrier on one band, and any transmission on another uplink carrier on another band.
for only two transmit chains are assumed.

The time masks do not preclude any other scheduling or configuration on either carrier such that the UE is not expected to transmit on any carrier during OFDM symbols that fully overlaps with the switching period. The intention is to verify functionality.
5 Proposal

For switching across two bands with dual-TAG we propose that
Proposal 1: for both single TAG and dual TAG, the switching period always precedes the time T0 at which a transmission starts on a carrier following a Tx switch from a preceding transmission as specified in 38.214. The dual TAG case must be consistent with the single TAG case when the timing advance is TTA,1 = TTA,2 for TAG 1 and TAG 2.
but
Proposal 2: there is no need to specify the outage time for the dual TAG case
We then observe that 
Observation 1: DL interruption occurs when the switching occurs. For each TAG, the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in either NR carrier 1 or carrier 2 as indicated in RRC signalling. The DL interruption on any one carrier for dual TAG cannot be longer than in the single TAG case.
Time masks must specified such that the UE functionality can be properly tested with uplink slot timing difference
Proposal 3: modify the existing time masks such that Tx switching with uplink slot timing difference between carriers is verified when symbols containing the switching period preceding the time T0 are not scheduled by the test system on either carrier to avoid UE malfunction in the field. The approach used for Rel-17 V2X with no TA difference is not sufficient.

The CR text should be based on the 38.214 that “the UE is not expected to transmit for the duration of [image: image18.png]N. Tx1-Tx2



 on any of the two carriers”. This can be captured by

Proposal 4: the time mask specification is based on that “the not expected to be scheduled or configured to transmit on during OFDM symbols containing the switching period” preceding the time T0 starting at a symbol boundary. 
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