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1 Background
By the current UE TX switching 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. 
The WID [1] contains the following objectives amongst others
[image: image1.png]2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]

UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission
for FR1 UEgs, including mechanisms to enable more configured UL bands than its simultaneous transmission
capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and
multiple TAGs configurations (RAN1, RAN4)

[e)

[e)

UE capability and RRC configuration related signalling (RAN2)

Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3
and 4 bands

Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL
carrier

Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1
NUL

Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope.
The work is limited to RAN4.




To this end, RAN1 has started its work on these objectives. Nevertheless, it appears that a confirmation that RAN4 indeed intends to include the multiple-TAG (dual-TAG) case is needed so that RAN1 can confirm whether this requires changes the existing RAN1 specifications particularly for the Rel-16 and Rel-17 switching scenarios. 

Earlier RAN4 contributions [2] have shown that changes to RAN1 and RAN2 specifications are not needed for lifting the single-TAG restriction for UL CA with switching, but this has not been conformed by RAN1 and RAN2. The proposed LS in [3] was not agreed.
In this contribution we propose that RAN4 informs RAN1 that the multiple-TAG cases will indeed be included by RAN4 as per the WID. We also briefly consider the three- and four-band switching cases.
2 RAN4 changes: modified time masks for UE TX switching with multiple TAG
First we recall that 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. 
3 Three or more bands
An analysis of achievable gains for TX switching across two, three and four bands in a deployment with four bands deployed for uplink access, i.e., 4.9G, 2.6G, 2.1G, and 700M assuming each cell has multiple 2TX UEs is provided in [4]. While the results indicate increased gains with the number of bands included in the switching scheme -- is single-TAG and thus the assumed collocation of cells in bands ranging from 700 MHz to 4.9 GHz representing a realistic deployment scenario?
For a “three-band” case, an FDD-TDD combination with intra-band non-contiguous CA in the TDD band, that is, three UL carriers in two bands, is perhaps a more realistic three-band case?
4 Proposal

If not obvious already from the work item description, RAN4 should 
Proposal 1: inform RAN1 in the reply to their LS R4-2211508/R1-2205502 that RAN4 intends to amend the 38.101-1 specification to accommodate multiple-TAG (dual-TAG) for switching between two bands and ask whether there are any changes to the RAN1 specifications required for accommodating this 
to
Proposal 2: include 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-18.
We also observe that
Observation 1: switching band combinations for UEs indicating supportedNumberTAG (optional) for a band pair can be specified in a release independent manner from Rel-16 (pending final confirmation from RAN1 that no specification changes are needed in earlier releases for support of multiple-TAG).
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