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1 Background
In this contribution we propose to extend the deployment scenarios for UE TX switching to include non-collocated scenarios for UL CA and possibly also for DC. This would represent a most useful enhancement of the UE TX switching feature.
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 and UL CA can be supported for collocated scenarios with the single-TAG assumption. However, it is not possible for non-collocated deployments. 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. Hence the multiple-TAG general case for combination of UL-MIMO and UL CA would therefore be a common deployment case. 
2 Extending to non-collocated deployment cases with multiple TAG
The multiple TAG case can be accommodated by modifying the existing time masks for single TAG, straightforward if there are no RAN1 or RAN2 changes needed for the multiple-TAG case. 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; 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. 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 
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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. 
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. 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. 
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 suggests that the multiple-TAG case could be accommodated by modifying the time masks in the RAN4 specifications alone. Nonetheless, a capability might be needed to handle legacy UE implementations assuming a single TAG.
Additional technical details can be found in Annex A that also shows the necessary the changes of the time masks.

An LS from RAN4 to RAN1 and RAN2 to ask about any implications of multiple TAG was proposed in [1] but not agreed. If no impact on the RAN1 and RAN2 specifications other than a capability bit, then the RAN4 work could be carried out under TEI or within the ongoing RAN4 FR1 enhancement work item for Rel-17. Otherwise, RAN1 and RAN2 could be added as secondary responsible WG, or at the very least, the multiple-TAG case handled in Rel-18.
3 Proposal

We propose to 

Proposal 1: extend the deployment scenarios for UL TX switching to include non-collocated deployment for combinations of UL CA (and possibly also DC) with UL-MIMO or PC1.5 by removing the current single-TAG restriction.
A most useful enhancement of the TX-switching feature. In terms of specification work

Proposal 2: if no impact on RAN1 and RAN2 specifications, carry out the work under TEI or within an existing Rel-17 RAN4 work item; if RAN1 and RAN2 specification changes are needed, carry out the work within an existing Rel-17 RAN4 work item with RAN1/RAN2 as secondary WG, or at least consider this enhancement for Rel-18 with possibilities of “early indication” of support.
References
1.   R4-2112825, “DRAFT LS on TX switching with multiple TAG”, Ericsson
Annex A: Additional technical details 
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.
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Figure A.3: the non-collocated case with the switching period taken in carrier 2.

The above is assuming that there is no other impact on the RAN specifications. Regarding the DL interruption time and corresponding UE capability the understanding is that this must already account for the TA, and that an additional delay of a symbol duration (SCS = 30k) would not affect the capability indicated.

