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1 Background
By the current UE TX switching Rel-17 feature, i.e., switching across two TX chains or switching pairs of TX chains, combinations of UL-MIMO features and UL CA can be supported and tested for collocated scenarios with the single-TAG assumption. However, it is not possible for non-collocated deployments requiring support of multiple-TAG. CA band combinations with cells in bands below 2 GHz and cells in bands around 3.5 GHz are common and non-collocation therefore a common scenario due to the different cell sizes used in these bands. 
In this update of [1] we propose to extend the deployment scenarios for UE TX switching to include non-collocated scenarios for UL CA with multiple-TAG for Rel-17. This would represent a most useful enhancement of the UE TX switching feature and only involve a change of the time masks used for conformance testing with a timing offset between the UL carriers. The modified masks are subject to capability, multiple TAG requires support of supportedNumberTAG with at least two TAGs irrespective of UL TX switching. 
TX switching is not specified for NR-DC in 38.214, and for the EN-DC case the multiple-TAG capability only applies within each CG.
An LS from RAN4 to RAN1 and RAN2 to ask about any implications of multiple TAG for UL CA was proposed in [1] but not agreed. A review of the RAN1 of the RAN2 specification is therefore included with a view to identify any specification impact, none is identified thus far. 
2 RAN4 changes: modified time masks for UE TX switching with multiple TAG
The RAN4 changes are limited to lifting the restriction to single-TAG operation only for the time masks specified for TX switching. Modified time masks are added for UEs supporting supportedNumberTAG.
For UEs supporting supportedNumberTAG and a switching band pair, the switching period during which the UE is not expected to transmit on any of the two carriers would precede the time T0 (the start of the uplink transmission) just as for the single-TAG case; in the field the gNB scheduler would ensure that there are no transmissions in the switching period by not scheduling the last UL symbol of the trailing carrier (of smaller TA value) before the switching gap, a similar action by the test system in conformance testing. 

The upper part of Figure 1 shows the existing single-TAG case when the switching period is taken in carrier 1 (e.g. in a low band), the timing advance NTA,1 of carrier 1 is the same as NTA,2 of carrier 2 (e.g. in a 3.5 GHz band). 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 the gNB 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. 
We remark that timing differences between the two UL carriers may occur also for the collocated case with a single TAG. The timing of a transmission at T0 at an UL carrier is determined by the corresponding DL carrier; hence there may there be a timing shift between the two UL carriers due to DL timing errors in addition to other UL timing errors. 
The timing requirements on T0 – Toffset w r t the received DCI specified in 38.214 are not modified. Moreover, the MRTD for CA would not imply changes of the DL interruptions allowed. This asserts that the multiple-TAG case can be accommodated by modifying the time masks in the RAN4 specifications alone. 

Additional technical details can be found in Annex A that also shows the necessary changes of the time masks
3 RAN1 changes?

In general, the UL timing on a carrier is derived from the DL of the same carrier according to 38.211 and 38.133. This includes the effect of timing advance for each carrier (i.e. also for the collocated case)
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 
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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, 
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is calculated according to [4, TS 38.211], otherwise 
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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, 
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 equals to the switching gap duration and for the UE configured with higher layer parameter uplinkTxSwitchingOption set to 'dualUL' for uplink carrier aggregation µUL=min(µUL,carrier1, µUL,carrier2), otherwise 
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Otherwise the UE may ignore the scheduling DCI. 

We make the following

Observation 1: 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 RAN2 changes?

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


Observation 2: support of multiple TAG is UE capability (supportedNumberTAG) optional for the NR CA. 
Observation 3: for EN-DC the supportedNumberTAG indicates the number of TAGs supported by the SCG (MCG by LTE TAG signaling)
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 can also be reported for band combinations with switching.
This implies that the time masks for multiple TAG are also subject to supportedNumberTAG.
Turning to DL interruptions, the capability uplinkTxSwitching-DL-Interruption-r16 is not affected since the length of the switching period indicated is not changed in the multiple TAG case. Quoting from 38.133, “the DL interruption starts from the first OFDM symbol which fully or partially overlaps with the UL switching period located in NR carrier. The DL interruption lengths of X for NR carrier(s) are defined in […]”, from 38.133,
8.2.1.2.14
DL Interruptions at switching between two uplink carriers

The DL interruption requirements at dynamic switching between two uplink carriers specified in this clause are applicable for an uplink band pair of an inter-band EN-DC 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 E-UTRA UL carrier is capable of one transmit antenna connector and NR UL carrier 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 NR carrier. The DL interruption lengths of X for NR carrier(s) are defined in Table 8.2.1.2.14-1.
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 EN-DC configurations as specified in clause 5.5B.4 of TS 38.101-3 [20].
Table 8.2.1.2.14-1: DL interruption length on NR carrier(s) in the unit of OFDM symbols (X) for switching between two uplink carriers 
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	NR Slot length (ms)
	Uplink Tx switching period Note1

	
	
	35us
	140us

	0
	1
	2
	3

	1
	0.5
	3
	6

	2
	0.25
	4
	10

	Note 1:
Uplink Tx switching period depends on UE capability uplinkTxSwitchingPeriod.


We remark that timing differences between the DL and UL slots on a switched carrier are also present in the single-TAG case due to the timing advance (propagation delay) that can be larger than the MTTD. For most deployments the timing differences between the UL carriers are expected much smaller than the MTTD but the specification must cover the maximum specified.
The length of the DL interruption was derived by using a formula in [3]:
· The above table [specification] considers the interruption uncertainty due to MRTD and TA adjustment accuracy, where MRTD=3us.
· Interruption length in the above table is expressed by:
ceil((switching period+2*TA adjustment uncertainty+6us-CP length)/symbol duration)+1
· No DL interruption is allowed in the downlink carrier(s) which is not indicated by uplinkTxSwitching-DL-Interruption.
The formula for the DL interruption length would essentially be the same for the non-collocated case. The MTRD (BS TAE = 3 us) is relevant to include for the collocated case (but presumably not with a factor 2 for the time delay for a carrier is either before or after the common DL timing) since the UL timing is w r t one of the two carriers belonging to the single TAG. The TA adjustment accuracy is relevant since this can be positive or one carrier and negative for the other. In the non-collocated case, the UL timing is w r t the reference cell of each TAG (i.e. each carrier if only two) so including the TAE_DL = BS_TAE is not relevant. The remaining terms the same for the two cases. 
The actual DL interruption location on each carrier will be determined by (N_TA + N_TA,offset)*Tc in relation to the DL reference timing, no difference between single-TAG and multi-TAG.
Observation 4: DL interruptions are not affected since the switching period during which the UE is not expected to transmit on any carrier is the same for non-collocation. The capability uplinkTxSwitching-DL-Interruption-r16 is unaffected in the multiple TAG case.
The above is based on Rel-16 versions of the RAN1 and RAN2 standards, hence 

Observation 5: switching band combinations for UEs indicating supportedNumberTAG for a band pair can be specified in a release independent manner from Rel-16.
5 Proposal

Regarding the RAN1 specifications we observe 
Observation 1: 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.
The PUSCH preparation time includes the switching period along with timing differences.
Regarding RAN2 specifications we observe
Observation 2: support of multiple TAG is UE capability (supportedNumberTAG) optional for the NR CA. 
Observation 3: supportedNumberTAG can also be reported for band combinations with switching.
This implies that the time masks for multiple TAG in 38.101-1 are also subject to supportedNumberTAG. Moreover,
Observation 4: DL interruptions are not affected since the switching period during whichch the UE is not expected to transmit on any carrier is the same for non-collocation. The capability uplinkTxSwitching-DL-Interruption-r16 is unaffected in the multiple TAG case.
No impacts on RAN1 and RAN2 specifications of lifting the single-TAG restriction for UL CA with switching are identified. We therefore propose

Proposal 1: extend the deployment scenarios for UL TX switching to include non-collocated deployment for combinations of UL CA with UL-MIMO or PC1.5 by removing the current single-TAG restriction for NR CA for Rel-17.
A most useful enhancement of the TX-switching feature, an accompanying CR against Rel-17 is provided in [2].
The above is based on Rel-16 versions of the RAN1 and RAN2 standards, hence 

Observation 5: switching band combinations for UEs indicating supportedNumberTAG for a band pair can be specified in a release independent manner from Rel-16.
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Annex A: Additional technical details 
In this Annex we provide a brief summary of the time masks needed for verification (testing) of multiple TAG.

Originally TX switching was proposed for two carriers, SUL in one band and TDD transmissions using two TX connectors in another band for devices only supporting 2TX chains, but subsequently also included EN-DC and UL CA. For all these cases the carriers are assumed to be collocated belonging to the same TAG.
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 period X containing the NTx1-Tx2). This period can be taken either in carrier 1 or carrier 2. Figure A.1 shows the timing relations for the collocated case with the switching period taken in carrier 1 as specified in the 38.101-1:
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Figure A.1: location of switching period in carrier 1 with single TAG.

The DL timing on both carriers must be monitored by the UE for the timing of the uplink switching also in the collocated case with a single TAG. The UE derives the UL timing on a carrier from the DL of the same carrier. This means that there may be a slight difference between the UL timing of the two carriers as seen at the UE also in the collocated case due to DL timing errors such as gNB timing-alignment error and UE TA adjustment inaccuracy in the uplinks even though the timing advance value NTA is the same on the two carriers.

In the non-collocated case with multiple TAG, the difference in the UL timing of the two carriers as seen at the UE may be up a symbol duration at SCS = 30k corresponding to the maximum DL timing difference for CA within FR1 specified by RAN4 (maximum receive timing difference). 

The 38.214 specifies that the UE may omit uplink transmission during the uplink switching gap indicated by the switching-period capability X ms preceding an uplink transmission starting at T0 with due account of the PUSCH processing procedure. Does this provision contain any restriction on the relative DL timing of the two carriers? 

RAN4 has specified time masks in the 38.101-1 that ensure the UE is not expected to transmit on any carrier during the switching period ‘X’, Figure A.1 shows one example for the single-TAG case. In the non-collocated case, the gNB would have to ensure that this is maintained by shortening the uplink transmissions on the carriers lagging in time (with less TA); the UL timing difference between carriers is known to the gNB and can be accounted for by its scheduler. We remark that the additional muting of slots/sub-slots needed would not exceed one symbol duration at SCS = 30k. 

The time masks for UL CA should be amended for the non-collocated case. Figure A.2 shows the case when the switching time X is located within carrier 1 in its entirety when carrier 2 is lagging (NTA1 > NTA2 with a symbol at the tail of carrier 2 muted) and leading (NTA1 < NTA2 with an additional symbol on the tail of carrier 1 muted) as seen at the UE. The time T0 is at the start of a slot on carrier 2. Figure A.3 shows the corresponding cases when the switching time X is located within carrier 2 in its entirety, then the time T0 is at the start of a slot on carrier 1.
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Figure A.2: the non-collocated case with the switching period taken in carrier 1.

[image: image10.png]To(carrier 2)

Nig2 Npag <+

Slot/subslot on carrier 1

Transint period 54| Transient perod
1048 !

Switching period
Xus

b
[UNELTE

-
slot/subslot, on carrier 1 %

T
Transient period 4>
10us o
Switchingperiod

Xus

Slot/subsloton carrier 2

< Transient period

Slot/subslot on carrier 2

To(carrier 2)

To(carrier 1)

7/

[ N 2 N

Slot/subslot on carrier 1

Transient periad +>| <> Transient priod
104 104

Switching period 0%

Xus

To(carrier 1)

| Nras =N

Slot/subslot on carrier 1

i '
Transient period [« +———¥|<->| Transient period
10u 104

Switching period  10%

Xus




Figure A.3: the non-collocated case with the switching period taken in carrier 2.

Regarding the DL interruption time and corresponding UE capability this must already account for the TA, and that an additional delay of a symbol duration (SCS = 30k) would not affect the capability indicated.

