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[bookmark: OLE_LINK32][bookmark: OLE_LINK20][bookmark: _Ref129681832]In this contribution, several remaining issued are discussed:
1) The clarification on the relationship between MaxLayer and antenna port
2) Whether maxMIMO-layers is configured for initial BWP
3) Whether per BWP configured maxMIMO-Layers has RAN1 impact
4) The relationship of SRS-ResourceSet with usage set as antennaSwitching and maxMIMO-Layers
5) The coherent transmission capability for UL MIMO
[bookmark: _Ref29301707][bookmark: _GoBack]Relationship between maxMIMO-Layers and antenna ports
In the contribution, the terminologies used is clarified as following:
· Rx antenna: the hardware to receive DL signal, which has the same meaning as Rx chains or antenna connectors in RAN4.
· MIMO layer: data transmitted on a layer is a data stream that is independent with the data with other layers.
In MIMO theory, if UE wants to successfully receive a DL data with N layers (or N independent data streams), at least N Rx antennas are required. In other words, if UE use N antennas to receive DL signal, at most N layers of data can be decoded. Based on this knowledge, it is only specified that UE can report maxNumberMIMO-LayersPDSCH instead of reports its antenna number. In the WID [2], the relationship is also assumed, which is shown as the following.
	a) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]
NOTE: Switching on/off the RF is part of the evaluation


Thus, there is an underlying relationship between maximum DL MIMO layers and Rx antennas.
On the other hand, the intention of per-BWP DL MIMO layers configuration is that UE adaptation of the number of Rx antennas provides power saving gains. For example, if per-BWP DL MIMO layers are re-configured to 2 layers from 4 layers, the power consumption is reduced if UE switches to 2 Rx antennas from 4 Rx antennas. Otherwise, the power saving would be very limited. In [3], it is shown in Table 21 that 2Rx power is 0.7x 4Rx power for FR1. During the discussion in RAN1, the common understanding is the UE may use reduced number of Rx antenna for the reception of PDSCH if the maximum MIMO layers of the active BWP is smaller than the maximum MIMO layers corresponding to the band. All the simulations showing power saving gain assumed UE would turn off some Rx antennas. If UE cannot turn off Rx antennas, then UE cannot get the expected power saving gain. 
Therefore, to avoid any confusion, it is proposed to clarify this RAN1 assumption that the UE may use the same number of Rx antenna(s) in a DL BWP as the maximum number of DL MIMO layers indicated per BWP. It is proposed to be captured in RAN2 spec as a note for the maxMIMO-Layers parameter in PDSCH-config IE for the clarification.
Proposal 1: Clarify in the specification or make a conclusion in RAN1 that UE may use N Rx antennas for the reception of PDSCH on the DL BWP when the per-BWP configured maxMIMO-Layers for a DL BWP is N.

maxMIMO-layers for initial BWP
It is already agreed that gNB can configure UE with maxMIMO-layers for each configured DL BWP via UE specific RRC signaling. However, it is not discussed whether maxMIMO-layers is configured for initial DL BWP, which is derived from MIB.
In our view, in initial DL BWP UE is not configured with MIMO related parameters, which means that UE can only be scheduled with a single-layer. Therefore, there is no need to configure maxMIMO-layers for initial DL BWP. 
Proposal 2: maxMIMO-layers is not configured for initial DL BWP.
RAN1 impact of maxMIMO-layers 
It is agreed that the per BWP maxMIMO-layers will override the per cell maxMIMO-layers. So far, the only place identified to use per cell maxMIMO-layers is the rate-matching behavior in 38.212. And for this issue, the following agreement was made [1].
	Agreements:
· No spec change for TS38.212 is needed for determining DL-SCH TBSLBRM when downlink max MIMO layer adaptation is configured. 
· Note: DL-SCH TBSLBRM is not dependent on the per-BWP configured maximum number of DL MIMO layers value.


Therefore, no RAN1 impact of maxMIMO-layers is identified yet.
Proposal 3: No RAN1 impact of maxMIMO-layers is identified.
Relationship of SRS-ResourceSet with usage set as antennaSwitching and maxMIMO-Layers
In RAN1 #99, the following agreement was made in Rel-16 TEI [2].
	Agreement:
Regarding TEI “Enable gNB to configure downgrading configuration of SRS for antenna switching”
· Rel-16 UE capability design for SRS antenna switching in conjunction with the existing Rel-15 UE capability should allow UE to indicate support of one of the following combinations 
· {t1r1, t1r2}
· {t1r1, t1r2, t1r4}
· {t1r1, t1r2, t2r2, t2r4}
· {t1r1, t2r2}
· {t1r1, t2r2, t4r4}
· {t1r1, t1r2, t2r2, t1r4, t2r4}
· Note: Detailed signaling design is up to RAN2
· The TP in R1-1913445 is endorsed in principle
· Note: RAN1 spec can be further updated depending on the final RAN2 signalling design


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, if the UE is configured with antennaSwitching as 2T4R, and 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. 
Observation 1: From the UE side, for UE power saving, only the MIMO layers is reduced but the SRS antenna switching capability may still be high, the power is still wasted.
To save power, it is better that gNB configures SRS resource set for antennaSwitching of the active UL BWP aligned with the maxMIMO-Layers of the active DL BWP. However, this is not implying that there needs to be some implicit bundling operation. The two parameters are configured separately. It is gNB implementation to ensure they are aligned.
Observation 2: In order to achieve the power saving gain, the gNB needs configure the SRS resource set for antennaSwitching aligned of the active UL BWP aligned with the maxMIMO-Layers of the active DL BWP.
Proposal 4: No spec change is needed for aligning antennaSwitching and maxMIMO-Layers.
Coherent transmission capability for UL MIMO
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK4]Beside SRS switching, 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 it can support fullCoherent, the UE can be configured by higher layer parameter codebookSubset as fullyAndPartialAndNonCoherent, or partialAndNonCoherent, or nonCoherent. If the UE reports it can support partialCoherent, the UE can be configured by higher layer parameter codebookSubset as partialAndNonCoherent or nonCoherent. If the UE reports 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 fewer antenna ports in UL than that it can support.  For the reduced maximum number of UL MIMO layers, the UE can turn off 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 indicate a full coherent codebook, the scheduling of 2-layer PUSCH will fail. So a safe scheduling strategy is gNB only schedules 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 3: 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 imaged:
· Solution 1: UE to report its fallback capability. 
· Solution 2: Define the fallback rule in spec. 
Proposal 5: The fallback coherent transmission capability corresponding to the reduced maximum UL MIMO layers in the case when UE supports four Layers and partialCoherent should be reported by UE or pre-defined in spec.

Conclusions
In this contribution, we discuss several remaining issues. Based on the analysis, we have the following observations and proposals:
Observation 1: From the UE side, for UE power saving, only the MIMO layers is reduced but the SRS antenna switching capability may still be high, the power is still wasted.
Observation 2: In order to achieve the power saving gain, the gNB needs configure the SRS resource set for antennaSwitching aligned of the active UL BWP aligned with the maxMIMO-Layers of the active DL BWP.
Observation 3: 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: Clarify in the specification or make a conclusion in RAN1 that UE may use N Rx antennas for the reception of PDSCH on the DL BWP when the per-BWP configured maxMIMO-Layers for a DL BWP is N.
Proposal 2: maxMIMO-layers is not configured for initial DL BWP.
Proposal 3: No RAN1 impact of maxMIMO-layers is identified.
Proposal 4: No spec change is needed for aligning antennaSwitching and maxMIMO-Layers.
Proposal 5: The fallback coherent transmission capability corresponding to the reduced maximum UL MIMO layers in the case when UE supports four Layers and partialCoherent should be reported by UE or pre-defined in spec.
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