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1 Background
In this contribution we consider the agreed target scenario for Tx switching with multiple TAG for the Rel-18 specification, dual-TAG for switching between 2 bands [1] (e-mail discussion in [2]). The contribution is largely based on the contributions [3], [4] and [5]. We maintain the observation that RAN1 and RAN2 specifications are not needed for lifting the single-TAG restriction for UL CA with Rel-16 and Rel-17 switching capabilites.
First, we 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.




Earlier CRs proposing time masks for Tx switching with multiple TAG like [6] have used the timing advance value NTA with an implicit assumption that the NTA,offset it the same for both TAGs, this is necessarily not the case with multiple TAGs when there is a coxistence case in one of the uplink bands. The proposed CR text for Rel-18 in [newCR] is therefore based on TTA. This only changes the possible timing difference between the UL carriers.
2 UL switching period and location of DL interruption with single- and dual-TAG
The WF for multiple TAG in [1] contains the following
Agreement:
· RAN4 further discuss if the UL switching time is the same for single TAG and 2 TAGs
· UL switching time should not include timing difference up to MTTD between two TAGs.

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: image3.png]| A—



 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. Hence there should be no difference in the switching time for the dual-TAG case. Moreover, if the timing advance is the same for a dual-TAG case the single-TAG time mask should apply.
There can also be timing differences between the uplinks in the single-TAG case. Figure 1 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 on a carrier is derived from the DL of the carrier of the reference cell, which means that there may be a slight difference between the UL timing of the two carriers also in the collocated case due to DL timing errors (BS TAE) and TA adjustment inaccuracy in the uplinks even though the timing advance value NTA is the same (the NTA,offset is the same for a TAG).
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Figure 1: the collocated case with the switching period taken in carrier 1.

Figure 2 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 TAG of carrier 1 and carrier 2, respectively. We also assume that NTA,offset is the same on both (no coexistence case). Since the uplink subslots/slots on carrier 1 are ‘early’ compared to those of carrier 2, this means that symbols at the trailing edge of the subslots/slots on carrier 2 must be blanked by the gNB during the switching period prior in the switch back to carrier 1. This is possible e.g. for PUSCH transmissions using mapping A since the gNB is aware of the timing advance of the different TAG that are configured by the gNB.
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Figure 2: the non-collocated case with the switching period taken in carrier 1.

In case NTA,1 < NTA ,2 with uplink subslots/slots on carrier 2 ‘early’, then symbols at the trailing edge of carrier 1 would have to be blanked starting at the switching period preceding T0 on carrier 2. The MRTD requirements for the non-collocated case implies UL timing difference up to about a symbol duration for SCS = 30k. 
From the above we make the observation

Observation 1: the UL switching time is the same for single TAG and dual-TAG cases, the existing uplinkTxSwitchingPeriod-r16, the TxSwitchingOption-r16 and the switching-period location capabilities can be reused for the dual-TAG scenario.     
The start and length of the allowed DL interruptions would not be affected since the TA must be accounted for in any deployment case. The DL interruptions are allowed from the first symbol overlapping with the UL switching period during switching and the interruption length must also account for any timing advance as evident from Figure 1 and Figure 2, 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.

No DL interruption is allowed in the NR downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption. No DL interruption is allowed for some inter-band UL CA configurations as specified in clause 5.2A.2 of TS 38.101-1 [18].
3 PUSCH preparation time (38.214)
The WF [1] also contains the following 
Observation:
· The PUSCH preparation time includes the effect of TA and difference between multiple active component carriers in addition to the switching period (Rel-16)
In general, the UL timing on a carrier is derived from the DL of the same carrier according to 38.211 and 38.133. The PUSCH preparation includes the effect of the absolute timing advance for each carrier and the difference in timing between uplink serving cells. In Rel-16 the PUSCH preparation time was extended by the switching period.
For uplink switching the following is specified:
If an uplink switching is triggered for an uplink transmission starting at T0, after T0-Toffset, the UE is not expected to cancel the uplink switching, or to trigger any other new uplink switching occurring before T0 for any other uplink transmission that is scheduled after T0-Toffset, where Toffset is the UE processing procedure time defined for the uplink transmission triggering the switch given in clause 5.3, clause 5.4, clause 6.2.1, clause 6.4 and in clause 9 of [6, TS 38.213].

The network must configure a slot offset K2 to accommodate the Toffset required including any effect of timing differences between the switched carriers. In the general case, the PUSCH processing time includes the effect of timing advance and the timing difference between component carriers as given by 38.133 (the MRTD and MTTD requirements) when the UE is configured with multiple active component carriers. The switching Tswitch (the switching period) is added to this as specified in 38.214:
6.4
UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation for a transport block, including the DM-RS, as defined by the slot offset K2 and the start S and length L of the PUSCH allocation indicated by 'Time domain resource assignment' of the scheduling DCI and including the effect of the timing advance, is no earlier than at symbol L2, where L2 is defined as the next uplink symbol with its CP starting [image: image6.wmf](
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after the end of the reception of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, then the UE shall transmit the transport block. 

-
N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2, where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in clause 4.1 of [4, TS 38.211]. 

-
For operation with shared spectrum channel access, [image: image7.wmf]ext
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-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 

-
If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 
-
If the scheduling DCI triggered a switch of BWP, d2,2 equals to the switching time as defined in [11, TS 38.133], otherwise d2,2=0. 

[...]

-
If uplink switching gap is triggered as defined in clause 6.1.6, [image: image9.wmf]switch
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Otherwise the UE may ignore the scheduling DCI. 

We make the following

Observation 2: for uplink switching, the network must configure a slot offset K2 to accommodate the Toffset required (the UE processing procedure time defined for the uplink transmission triggering the switch) including any effect of timing differences between the switched carriers and the switching period. This is no different from the general case for PUSCH preparation with multiple component carriers configured and timing differences up to those specified in 38.133 for non-collocation.

4 Multiple-TAG capability and switching
Support of multiple TAG is a UE capability optional for NR CA, from 38.306 v16.7.0

	supportedNumberTAG

Defines the number of timing advance groups supported by the UE. It is applied to NR CA, NR-DC, (NG)EN-DC/NE-DC and DAPS handover. For (NG)EN-DC/NE-DC, it indicates number of TAGs only for NR CG. The number of TAGs for the LTE MCG is signalled by existing LTE TAG capability signalling. For NR CA/NR-DC band combination, if the band combination comprised of more than one band entry (i.e., inter-band or intra-band non-contiguous band combination), it indicates that different timing advances on different band entries are supported. If absent, the UE supports only one TAG for the NR part. It is mandatory for the UE to support more than one TAG for NR-DC and it is mandatory for the UE to support 2 TAGs for inter-frequency DAPS. For the mixed inter-band and intra-band NR CA/NR-DC band combination, if the network configures more non-contiguous UL serving cells than the number of supported TAG, the UE only supports the configuration where all UL CCs of the same frequency band are configured with the same Timing Advance Group ID.
	BC
	CY
	N/A
	N/A


The supportedNumberTAG can also be indicated for a switching band pair in the supportedBandCombinationList-UplinkTxSwitch per band combination, from 38.331,
BandCombination-UplinkTxSwitch-r16 ::= SEQUENCE {

    bandCombination-r16                 BandCombination,

    bandCombination-v1540               BandCombination-v1540                      OPTIONAL,

    bandCombination-v1560               BandCombination-v1560                      OPTIONAL,

    bandCombination-v1570               BandCombination-v1570                      OPTIONAL,

    bandCombination-v1580               BandCombination-v1580                      OPTIONAL,

    bandCombination-v1590               BandCombination-v1590                      OPTIONAL,

    bandCombination-v1610               BandCombination-v1610                      OPTIONAL,

    supportedBandPairListNR-r16         SEQUENCE (SIZE (1..maxULTxSwitchingBandPairs)) OF ULTxSwitchingBandPair-r16,

    uplinkTxSwitching-OptionSupport-r16 ENUMERATED {switchedUL, dualUL, both}      OPTIONAL,

    uplinkTxSwitching-PowerBoosting-r16 ENUMERATED {supported}                     OPTIONAL,

    ...

}

included in the bandCombination-r16
BandCombination ::=                 SEQUENCE {

    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,

    featureSetCombination               FeatureSetCombinationId,

    ca-ParametersEUTRA                  CA-ParametersEUTRA                          OPTIONAL,

    ca-ParametersNR                     CA-ParametersNR                             OPTIONAL,

    mrdc-Parameters                     MRDC-Parameters                             OPTIONAL,

    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))                   OPTIONAL,

    powerClass-v1530                    ENUMERATED {pc2}                            OPTIONAL
}

CA-ParametersNR ::=                 SEQUENCE {

    dummy                                         ENUMERATED {supported}      OPTIONAL,

    parallelTxSRS-PUCCH-PUSCH                     ENUMERATED {supported}      OPTIONAL,

    parallelTxPRACH-SRS-PUCCH-PUSCH               ENUMERATED {supported}      OPTIONAL,

    simultaneousRxTxInterBandCA                   ENUMERATED {supported}      OPTIONAL,

    simultaneousRxTxSUL                           ENUMERATED {supported}      OPTIONAL,

    diffNumerologyAcrossPUCCH-Group               ENUMERATED {supported}      OPTIONAL,

    diffNumerologyWithinPUCCH-GroupSmallerSCS     ENUMERATED {supported}      OPTIONAL,

    supportedNumberTAG                            ENUMERATED {n2, n3, n4}     OPTIONAL,

    ...

}

Observation 3: supportedNumberTAG (optional) can also be reported for band combinations with switching.
5 Modified time masks for UE TX switching with dual TAG
First we recall that RAN4 changes are limited to lifting the restriction to single-TAG operation for the time masks specified for TX switching. The time masks are derived by observing that for an uplink switching triggered for an uplink transmission starting at T0 on either carrier, the 38.214 specifies that UE is not expected to transmit on any of the carriers for a duration of a X ms switching period preceding T0. 
The upper part of Figure 1 shows the existing single-TAG case when the switching period is taken in carrier 1, the timing advance NTA,1 of carrier 1 is the same as NTA,2 of carrier 2. We assume that NTA,offset is the same on both TAGs (otherwise replace NTA with TTA). The UE is not expected to transit in the shaded symbols, and the time T0 is always at the start of a slot of carrier 2 when the switching period is taken in carrier 1.
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Figure 1: collocated case (upper) and the non-collocated case (lower) with carrier 2 lagging in time as seen at the UE, the last symbol of carrier 2 blanked. 
The lower part of Figure 1 shows the non-collocated case with different timing advance on the two carriers, NTA,1 > NTA,2, carrier 2 is trailing carrier 1. Then test system (gNB in the field)  would blank the last symbol of carrier 2 that overlaps with the switching period in carrier 1. The maximum delay is one symbol at SCS = 30k, corresponding to the maximum receive timing difference (MRTD) for CA. 
The timing requirements on T0 – Toffset w r t the received DCI specified in 38.214 are not modified. 
We make the following 

Proposal 1: modify the time mask for TX switching to include the case of dual TAG with different timing advance on the two TAGs.
A draft CR with proposed wording can be found in [7].

6 Three or more band entries
Dual-TAG can also be supported for more than two bands or band entries. One other possible scenario is three band entries, one FDD band entry (low band) combined with intra-band UL CA in a TDD band, that is, two other band entries. The UE would support one Tx chain in the FDD band and two TX chains in the TDD band. We observe that
Observation 4: the “three-band” case of an FDD-TDD combination with intra-band non-contiguous CA in the TDD band, two band entries within the TDD, could also be considered; the carriers in the FDD and TDD band belonging to separate TAGs.
7 Proposal

For switching across two bands with dual-TAG
Observation 1: the UL switching time is the same for single TAG and dual-TAG cases, the existing uplinkTxSwitchingPeriod-r16, the TxSwitchingOption-r16 and the switching-period location capabilities can be reused for the dual-TAG scenario.     
Observation 2: for uplink switching, the network must configure a slot offset K2 to accommodate the Toffset required (the UE processing procedure time defined for the uplink transmission triggering the switch) including any effect of timing differences between the switched carriers and the switching period. This is no different from the general case for PUSCH preparation with multiple component carriers configured and timing differences up to those specified in 38.133 for non-collocation.
Observation 3: supportedNumberTAG (optional) can also be reported for band combinations with switching.
Proposal 1: modify the time mask for TX switching to include the case of dual TAG with different timing advance on the two TAGs.
For the three-band case with dual-TAG:

Observation 4: the “three-band” case of an FDD-TDD combination with intra-band non-contiguous CA in the TDD band, two band entries within the TDD, could also be considered; the carriers in the FDD and TDD band belonging to separate TAGs.
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