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1. Introduction
For Rel-16 1Tx-2Tx switching between two carriers, it was identified that the coherence between two antenna ports can or cannot be maintained when the Tx chain(s) are used to transmit on an other band for different types of UE architectures. As a result, it was agreed to introduce UE capability to differentiate the two types of UEs in RAN4 #99e [1] [2].
This contribution discusses the UL MIMO coherence for Rel-17 Tx switching scenarios.
2. Discussion
2.1. General

There are three Tx switching scenarios introduced in Rel-17:
· 3CC 1Tx-2Tx switching, with one more CC on the band with 2Tx compared to Rel-16
· 2CC 2Tx-2Tx switching, with 2Tx on the other carrier compared to Rel-16
· 3CC 2Tx-2Tx switching, with one more CC in one of the bands compared to the previous scenario
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Basically, two issues need to be discussed for each of the Rel-17 scenarios:
· Issue #1: Whether UE capability on UL-MIMO coherence is needed?

· Issue #2: If yes to Issue #1, whether the Rel-16 per BC capability can be applied?
If any agreements w.r.t. UE capability and UL-MIMO coherence exception will be reached in RAN4, LS to RAN2 and RAN1 is needed.
2.2. 3CC 1Tx-2Tx switching
For 3CC 1Tx-2Tx switching, the difference with Rel-16 1Tx-2Tx switching is that the CC number is increased from 1 to 2 for the band with 2Tx. In this scenario, the UE ability on maintaining UL-MIMO coherence for the 2 CCs in the same band can be the same, i.e., coherent or non-coherent for both CCs in the same band. So if UE capability on UL-MIMO coherence is needed, the Rel-16 per BC UE capability can be applied, i.e., the same capability applies to both Rel-16 and Rel-17 1Tx-2Tx switching.
Observation 1: For 3CC 1Tx-2Tx switching, the difference with Rel-16 1Tx-2Tx switching is that the CC number is increased from 1 to 2 for the band with 2Tx, and the UE ability on maintaining UL-MIMO coherence for the 2 CCs in the same band can be the same.
Proposal 1: For 3CC 1Tx-2Tx switching, if UE capability on UL-MIMO coherence is needed, the Rel-16 per BC UE capability can be applied, i.e., the same capability applies to both Rel-16 and Rel-17 1Tx-2Tx switching.
2.3. 2CC 2Tx-2Tx switching
For 2CC 2Tx-2Tx switching, the difference with Rel-16 1Tx-2Tx switching is that both carriers are capable of 2Tx.
In RAN4 #99e, it was agreed in [3] that the reported value of switching time for a band pair of a band combination can be different for 2Tx-2Tx switching and 1Tx-2Tx switching. With this, it is not quite sure whether the UE behavior for switching, e.g. switch of PLL connection, PLL relocking and PA switching, is the same or not for 1Tx-2Tx and 2Tx-2Tx switching. So if UE capability on UL-MIMO coherence is needed, RAN4 needs to check whether the Rel-16 per BC capability can apply to Rel-17 2CC 2Tx-2Tx switching.
Another thing for 2CC 2Tx-2Tx switching is whether the UE ability on maintaining UL-MIMO coherence for the 2 CCs in different bands is the same or not, i.e., would it be a possible case with coherent on one carrier and non-coherent on the other carrier?

Observation 2: For 2CC 2Tx-2Tx switching, it is not quite sure: a) whether the UE behavior for switching is the same or not compared to Rel-16 1Tx-2Tx switching, and b) whether the UE ability on maintaining UL-MIMO coherence for the 2 CCs in different bands is the same or not.
Proposal 2: For 2CC 2Tx-2Tx switching, if UE capability on UL-MIMO coherence is needed, further confirm whether the Rel-16 per BC UE capability can be applied for both CCs in different bands.
2.4. 3CC 2Tx-2Tx switching
For 3CC 2Tx-2Tx switching, the difference with 2CC 2Tx-2Tx switching is that the CC number is increased from 1 to 2 in one of the bands. In this scenario, if UE capability on UL-MIMO coherence is needed, the UE ability on maintaining UL-MIMO coherence for the 2 CCs in the same band can be the same, i.e., coherent or non-coherent for both CCs in the same band, and the UE capability for 2CC 2Tx-2Tx switching can be applied.
Observation 3: For 3CC 2Tx-2Tx switching, the difference with 2CC 2Tx-2Tx switching is that the CC number is increased from 1 to 2 in one of the bands, and the UE ability on maintaining UL-MIMO coherence for the 2 CCs in the same band can be the same.
Proposal 3: For 3CC 2Tx-2Tx switching, if UE capability on UL-MIMO coherence is needed, the capability for 2CC 2Tx-2Tx switching can be applied, i.e., the same capability applies to both 2CC and 3CC 2Tx-2Tx switching.
3. Conclusion
This contribution discusses the UE capability on UL MIMO coherence for the three Rel-17 Tx switching scenarios, with the following observations and proposals:

Observation 1: For 3CC 1Tx-2Tx switching, the difference with Rel-16 1Tx-2Tx switching is that the CC number is increased from 1 to 2 for the band with 2Tx, and the UE ability on maintaining UL-MIMO coherence for the 2 CCs in the same band can be the same.
Proposal 1: For 3CC 1Tx-2Tx switching, if UE capability on UL-MIMO coherence is needed, the Rel-16 per BC UE capability can be applied, i.e., the same capability applies to both Rel-16 and Rel-17 1Tx-2Tx switching.
Observation 2: For 2CC 2Tx-2Tx switching, it is not quite sure: a) whether the UE behavior for switching is the same or not compared to Rel-16 1Tx-2Tx switching, and b) whether the UE ability on maintaining UL-MIMO coherence for the 2 CCs in different bands is the same or not.
Proposal 2: For 2CC 2Tx-2Tx switching, if UE capability on UL-MIMO coherence is needed, further confirm whether the Rel-16 per BC UE capability can be applied for both CCs in different bands.
Observation 3: For 3CC 2Tx-2Tx switching, the difference with 2CC 2Tx-2Tx switching is that the CC number is increased from 1 to 2 in one of the bands, and the UE ability on maintaining UL-MIMO coherence for the 2 CCs in the same band can be the same.
Proposal 3: For 3CC 2Tx-2Tx switching, if UE capability on UL-MIMO coherence is needed, the capability for 2CC 2Tx-2Tx switching can be applied, i.e., the same capability applies to both 2CC and 3CC 2Tx-2Tx switching.

Based on the discussion in RAN4, if any agreements w.r.t. UE capability and UL-MIMO coherence exception will be reached, LS to RAN2 and RAN1 is needed.
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