Page 1
[bookmark: _Ref462675860][bookmark: _Ref465963108]3GPP TSG RAN WG1 #106-e		     R1-2107307
e-Meeting, Aug. 16th – Aug. 27th, 2021
Agenda item:	5
Source: 	Qualcomm Incorporated
Title: 	Discussion of RAN4 LS on UL MIMO coherence for Tx switching between two carriers
Document for:	Discussion/Decision
[bookmark: _Ref473802466][bookmark: _Ref462669569]Introduction
In [1], RAN4 has sent their agreements on UL MIMO coherence for Rel-16 UL Tx switching between two carriers and asked RAN1 to check if there was any RAN1 specification impact due to the RAN4 agreements.


	For Tx switching between uplink carriers for inter-band UL CA, SUL and EN-DC, RAN4 reached the following agreements w.r.t. UL MIMO coherence:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Introduce UE capability to indicate support of the uplink codebook subset for the carrier capable of two antenna connectors, when UE is configured with uplink switching with parameter uplinkTxSwitching-r16 and uplink switching is triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 between last transmitted SRS and scheduled PUSCH transmission.
· [bookmark: _Hlk72855731][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]UE capability is defined as per band combination when also for band combinations with a carrier capable of one-port transmission + a carrier capable of two-port transmission are indicated with capability ULTxSwitchingBandPair-r16. For band combinations with 2Tx to 2Tx switching, RAN4 will further discuss on how to handle the above new capability in Rel-17.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]If the above capability is absent, the existing per band UE capability pusch-TransCoherence is applicable to the scenario when UE is configured with uplink switching with parameter uplinkTxSwitching-r16 and uplink switching is triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 between last transmitted SRS and scheduled transmission.
· If UE indicates the above capability as nonCoherent and the existing per band UE capability pusch-TransCoherence as fullCoherent or partialCoherent, when UE is configured with uplink switching with parameter uplinkTxSwitching-r16 and uplink switching is triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 between last transmitted SRS and scheduled PUSCH transmission, UE is not expected to receive TPMI for coherent codebook subset.




In this paper, we provide our considerations and draft response.

Discussion
The UL coherence depends on the UE transmitter architecture. More precisely, it depends on whether a common oscillator signal is applied for up-conversion in the different Tx chains or not. 
 
The same UL MIMO coherence capability in a given band likely does not hold across different band combinations even for the same band. For example, the UE may use a different set of antennas for the UL transmission for a given band in one band combination compared to the antennas used for the same band in a different band combination. A common example for this is that the UE may support 4Tx UL MIMO in one band when no UL CA is configured but the same UE may fall back to 2Tx UL MIMO only in the exact same band when UL CA is configured. Note that this was the very reason why the supported number of UL MIMO layers is signaled per band per combination. Obviously, a UE that can support coherent 2Tx UL MIMO may fall into any of the three coherence categories for 4Tx UL MIMO (i.e. it can be either coherent, partial coherent, or non-coherent for 4Tx UL MIMO). The latter is the case, for example, if the 1st and 2nd chains are associated with a common oscillator, while the 3rd and 4th chains are not. 
Due to this consideration, the UL MIMO coherence capability needs to be signaled per band per band combination. 

Unfortunately, the current specification doesn’t correctly capture this.  
The LS from RAN4 is trying to solve the coherence issue when the UE reports and is configured with UL Tx switching. Although we agree that the capability for coherence with UL Tx switching should be per-band and per-band combination, we believe there is a more fundamental issue, as explained above, regardless of the configuration of UL Tx switching. Hence, we think that RAN1 should agree to introduce UL coherence as a per band per band combination capability before making any further decision on UL Tx switching. 

Proposal: A new UE capability indicating UL MIMO coherence per band per band combination is introduced (regardless of UL Tx switching)
Proposed response to RAN4: RAN1 would like to thank RAN4 for the LS. RAN1 agreed to introduce a new UE capability indicating UL MIMO coherence per band per band combination (regardless of UL Tx switching)

Conclusions
In this paper, we discussed the UL coherence which should be a per-band and per-band combination capability. However, current specification doesn’t correctly capture this.  To make a general correction, we make the following proposal.
Proposal: A new UE capability indicating UL MIMO coherence per band per band combination is introduced (regardless of UL Tx switching)
Proposed response to RAN4: RAN1 would like to thank RAN4 for the LS. RAN1 agreed to introduce a new UE capability indicating UL MIMO coherence per band per band combination (regardless of UL Tx switching)
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