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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]In the previous meetings, the schemes of dynamic adaptation to the maximum number of MIMO layers for both DL and UL have been discussed. A new RRC parameter is introduced to be per-BWP configured for downlink adaptation, and it is concluded that the Rel-15 per-BWP SRS configuration can be utilized to support uplink MIMO adaptation. 
In this paper, two misalignment issues on MIMO capability are further discussed.
Remaining issues on MIMO adaptation
Issues on SRS antenna switching
SRS antenna switching is designed to acquire the DL CSI for different antenna ports at gNB side especially in TDD system because of the channel reciprocity. The SRS antenna switching capability is also tightly relevant to RF chains. For example, the UE capability of maximum DL MIMO layers is 4 and the UE capability of supportedSRS-TxPortSwitch is 2T4R. If on the active DL BWP the maximum DL MIMO layers equals to 2, the UE may not be able to switch off 2 DL RF chains because the UE still switches the antenna ports based on 2T4R SRS antenna switching pattern. As the consequence, even the maximum number of DL MIMO layers is reduced, power saving cannot be achieved. Even if the UE is able to switch off 2 DL RF chains, switching SRS on 4 antenna ports is meaningless and power-wasting since only 2 antenna ports are available for PDSCH. If the UE only transmits SRS on 2 antenna ports, it is not clear whether the fallback SRS Tx port switching pattern is 2T2R or 1T2R (see Figure 1), which would lead to misalignment between the UE and the network. To save the UE power, the behavior of fallback SRS antenna switching should be defined so that the UE can turn off a part of antenna ports.
Observation 1: From the UE side, if only the MIMO layers is reduced but the SRS antenna switching capability are still be high, little power waving gain can be expected.
[image: ]
Figure 1. The potential fallback SRS Tx port switching pattern
From the perspective of network, the SRS resources are precious. When the network configures the reduced maximum MIMO layers, the network would prefer to configure the reduced SRS antenna switching pattern to save the SRS resources. It is beneficial for the efficiency of resources usage.
Observation 2: From the network side, the SRS resources can be saved if the network configures reduced SRS antenna switching along with the reduced maximum MIMO layers.
To address the issue discussed above, a straight forward way is to report the fallback SRS antenna switching capability corresponding to the reduced maximum MIMO layers. The following potential ways can be considered:
· Solution 1: Indicating the reduced SRS antenna switching in the UE capability information message. 
· This solution is more suitable for the power saving case, the network is able to configure the different MIMO layers and SRS resources for SRS antenna switching in different BWP based on the UE capability.
· [bookmark: OLE_LINK42]Solution 2: Indicating the reduced SRS antenna switching along with reporting the reduced MIMO layers in the UE assistance information message. 
· Considering the signalling overhead, the reduced SRS antenna switching capability only for the current configured band combination is reported in UE assistance information.
Proposal 1: When adapting to the maximum DL MIMO layers, one of the following ways of SRS antenna switching should be supported:
· Alt 1: Indicating the fallback capability for SRS antenna switching in the UE capability information message.
· Alt 2: Indicating the reduced SRS antenna switching along with reporting the reduced MIMO layers in the UE assistance information message.
If gNB already knows the fallback capability for SRS antenna switching, the gNB should configure the SRS resource set with usage of value ‘antennaSwitching’ on the BWP with reduced maximum MIMO layers properly. Otherwise, power and physical resources cannot be saved.
[bookmark: OLE_LINK12]Observation 3: On the BWP with reduced maximum MIMO layers configuration, in order to achieve the power saving gain, the gNB needs to configure the SRS resource set for usage of ‘antennaSwitching’ properly.
The same issue in this section was also discussed in TEI-16 in RAN1 #98bis and will be further discussed in TEI-16 in this meeting [1].
Issue on the coherent transmission capability for UL MIMO 
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK4]Another issue for UL MIMO is about the coherent transmission capability. In Rel-15, the UE can report its capability of coherent transmission, and then be configured with the available codebook subset. Specifically, if the UE reports that it can support fullCoherent, the UE can be configured by higher layer parameter codebookSubset as fullyAndPartialAndNonCoherent, or partialAndNonCoherent, or nonCoherent. If the UE reports that it can support partialCoherent, the UE can be configured by higher layer parameter codebookSubset as partialAndNonCoherent or nonCoherent. If the UE reports that it can support nonCoherent, the UE can only be configured by higher layer parameter codebookSubset as nonCoherent. The reported coherent transmission capability corresponds to the coherence when the UE turns on all the UL antenna ports. 
As discussed above, the maximum number of UL MIMO layers can be adapted by BWP switching, it means that in some BWP the UE may use less antenna ports in UL than that it can support.  For the reduced maximum number of UL MIMO layers, the UE can turn off a part of antenna ports. But the UE’s coherent transmission capability of the remaining antenna ports is not known by the network. For example, the UE supports the maximum MIMO layers of fourLayers for UL and supports partialCoherent. On the active BWP, the UE can switch off 2 UL RF chains to save power. However, the gNB is not clear whether the fallback coherent transmission capability for the remaining antenna ports is fullCoherent or nonCoherent. If the UE cannot support coherent transmission for the remaining 2 antenna ports but the gNB indicates a full coherent codebook, the scheduling of 2-layer PUSCH will fail. So a safe scheduling strategy is that gNB only schedules a single port for PUSCH. For the UEs which can support coherent transmission for the remaining 2 antenna ports but the gNB doesn’t know the fallback coherent capability, the UE cannot be scheduled efficiently.
Observation 4: For the UE supports fourLayers for UL and supports partialCoherent, if the UE transmits via two antenna ports for the reduced maximum MIMO layers, the coherent capability for the two antenna ports may be misaligned between the UE and the network. If the UE’s fallback coherent capability can be aligned with the gNB, the performance can be improved.
To address the issue discussed above, a straightforward way is to report the fallback coherent transmission capability corresponding to the reduced maximum UL MIMO layers. Two potential ways are envisaged:
· Solution 1: UE reports its fallback capability. 
· Specifically, UE can report the fallback capability along with the preferred MIMO parameter in UE assistance information.
· Solution 2: Define the fallback rule in the specification. 
· As an example, the fallback rule can be defined as “if the UE supports fourLayers for UL and also supports partialCoherent, the coherent capability is fullCoherent when the UE transmits via two antenna ports for the reduced maximum MIMO layers.”
Proposal 2: Either reporting UE capability or defining fallback rules in the specification can resolve the issue with respective to the fallback capability of coherent transmission for the reduced maximum UL MIMO layers when UE supports four Layers and partialCoherent.
Conclusions
In this contribution, we discuss two issues. One is the misalignment on SRS switching fallback capability between gNB and UE. The other one is the misalignment on UL coherent capability between gNB and UE. Based on the analysis, we have the following observations and proposals:
Observation 1: From the UE side, if only the MIMO layers is reduced but the SRS antenna switching capability are still be high, little power waving gain can be expected.
Observation 2: From the network side, the SRS resources can be saved if the network configures reduced SRS antenna switching along with the reduced maximum MIMO layers.
Observation 3: On the BWP with reduced maximum MIMO layers configuration, in order to achieve the power saving gain, the gNB needs to configure the SRS resource set for usage of ‘antennaSwitching’ properly.
Observation 4: For the UE supports fourLayers for UL and supports partialCoherent, if the UE transmits via two antenna ports for the reduced maximum MIMO layers, the coherent capability for the two antenna ports may be misaligned between the UE and the network. If the UE’s fallback coherent capability can be aligned with the gNB, the performance can be improved.
Proposal 1: When adapting to the maximum DL MIMO layers, one of the following ways of SRS antenna switching should be supported:
· Alt 1: Indicating the fallback capability for SRS antenna switching in the UE capability information message.
· Alt 2: Indicating the reduced SRS antenna switching along with reporting the reduced MIMO layers in the UE assistance information message.
[bookmark: _GoBack]Proposal 2: Either reporting UE capability or defining fallback rules in the specification can resolve the issue with respective to the fallback capability of coherent transmission for the reduced maximum UL MIMO layers when UE supports four Layers and partialCoherent.
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