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Introduction
In the last RAN1 meeting #98, it was agreed to extend the support of the maximum number MIMO layers to each DL BWP and doesn’t limit it to only the initial or default BWP.
	Agreement:
Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signaling details up to RAN2



This contribution will discuss the adaptation of the maximum number of UL MIMO layers for non-codebook based (NCB) UL transmission and will also discuss some considerations and possible solutions based on the adaptation of maximum number of MIMO layers per DL BWP.
Discussion
Adaptation of maximum number of UL MIMO layers
In Rel-15, the configuration of the maximum number of UL MIMO layers is supported per BWP for codebook based PUSCH using the maxRank filed in pusch-Configs IE. However, for the non-codebook based PUSCH, maximum number of MIMO layers is configured on a per-cell level using the maxMIMO-Layers filed in PUSCH-ServingCellConfig IE. 
Although the focus of the UE power saving discussions was on adaptation of MIMO layers or equivalently the number of antennas was primarily for the DL, however, there is ultimately a power savings advantage if the UE can turn off or deactivate one or more of its UL RF chains. Considering the agreed UE power consumption model [1], UL transmission with 1 Tx antenna has approximately 17% to 29% less power consumption as compared to 2 Tx antennas for 0 dBm to 23 dBm radiated Tx power respectively. Also given the latest agreement in RAN#98 where maximum number of MIMO layers is supported per each DL-BWP and also maxRank configuration per-BWP for CB-based PUSCH, it makes sense to support per-BWP maximum number of MIMO layers for NCB-based PUSCH. Actually, it is hard to argue the other way around why only the NCB-based PUSCH is limited on per-cell configuration. 
Also, in release 15, RAN1 concluded that a per-BWP parameter indicating maxRank for non-codebook based PUSCH is needed [2],[3]. However, the RAN1 agreement was not reflected when RAN2 implemented the RRC specifications. It should be noted that, in Rel-15, many of the MIMO parameters already have per-BWP configuration.
	Agreement
New higher layer parameter is introduced on a per-BWP basis; and the UE expects that the configured value of this parameter shall the same for all configured BWPs in a CC for Rel-15
· For PDSCH, and non-codebook based PUSCH, maxRank signaling would be introduced per BWP
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As RAN2 now is implementing the signaling for per-DL-BWP maxMIMO-Layers, it is recommended to extend the per-BWP maxMIMO configuration for the NCB-based PUSCH. It should be noted that, in Rel-15, many of the MIMO parameters already have per-BWP configuration
Proposal 1: Support per-UL BWP configuration of maximum number of UL MIMO layers (maxRank) for NCB PUSCH.
Consideration of per DL-BWP maximum MIMO layer adaptation
Channel reciprocity 
When the UE is switched to a new BWP with a reduced number of maxMIMO-layers parameter, the UE may keep only small number of the receive antennas active and de-activate the rest of the receive antennas for the purpose of powers savings. As given in the example below in Figure 1, when the UE switches to BWP#2 where the maxMIMO-layers is configured to 2, the UE may keep only two active antennas and de-active the other two antennas. In this case, there could be an impact on the way the UE is sounding the UL channel through transmit antenna switching. 



[bookmark: _Ref21112217][bookmark: _GoBack]Figure 1: BWP switching and maxMIMO-layers adaptation

For DL CSI acquisition exploiting the UL and DL channel reciprocity, the UE doesn’t need to sound all the 4 antennas since only two receive antennas are enabled. To avoid any mismatch between the UL channel estimated by the gNB and the actual DL channel, the UE shouldn’t sound the antenna ports mapped to the de-activated antennas. One simple solution is that the UE by implementation can send zero power (ZP) at SRS ports corresponding to the de-activated antenna(s).
Observation 1: To exploit the UL and DL channel reciprocity when the UE adapts the number of receive antennas, the UE sends ZP at SRS port(s) mapped to the de-activated antenna(s). 

Limited buffer Rate matching calculation
The determination of the  depends on the value of maximum number of MIMO layers per TB. According to the current specification of Subclause 5.4.21 [4], the maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4. X is given by higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell if it is configured. Otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell.
Now, given that the maxMIMO-layer is configured per each DL BWP. The determination of X should take this new configuration into consideration. In the case the network configures the maxMIMO-layers per each BWP, X can be given the maximum value across the all configured values per each BWP. If the per-BWP maxMIMO-layers is not configured, X is given by the per-cell maxMIMO-layers. Otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell. 
It should be noted that if the network configures both per-cell and per-BWP maxMIMO-layers parameters, it is recommended that one of the per-BWP maxMIMO-layers parameter is set as the same value of the per-cell maxMIMO-layers.  For example, the high throughput wide BWP should be configured with maxMIMO-layers value matching the per-cell value. This will guarantee that the  value is kept the same regardless of the absence or the existence of the per-cell maxMIMO-layers parameter. 
Proposal 2: For the determination of the , the maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where X is given by the maximum value of the maxMIMO-layers parameters across the configured BWPs. Otherwise X is given by the parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell if that parameter is configured. Otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell.
Proposal 3: At least one of the BWPs is configured with maxMIMO-layers value equal to the per-cell maxMIMO-layers parameter if both parameters are configured.

CSI mismatch
The issue of the CSI mismatch was brought up by some companies [5]-[6] as the UE adapts the number of its receive antennas based on the configured maxMIMO-layers per each BWP. In general, there should be common understanding on the UE behaviour between the UE and the network when the UE adapts the number of the receive antennas. It makes sense that when the UE changes the number of the active receive antennas, it should use the new antenna configuration for both CSI-RS measurements and PDSCH reception. This way, the CSI-RS report will reflect the same channel statistics that the UE will encounter for DL data reception with the adapted antenna configurations. 
Observation 2: Adaptation of the number of receive antennas based on the per-BWP max number of MIMO layers is up to UE’s implementation.
Observation 3: When the UE adapts its number of active antennas, it uses the reduced #antennas for CSI measurements, PDCCH monitoring and PDSCH reception.
Based on the indication of the target BWP index, the UE can utilize the BWP switching delay to adapt the number of antennas based on the maxMIMO-layers parameters of the target BWP. One issue is that the latest reported CQI may not accurately match the channel state after the UE switches to the new BWP and adapts the number of receive antennas. However, the latest agreed TEI “A CSI trigger for non-active BWP” in the last meeting (RAN1 #98) provides a framework that helps the UE to quickly measure the CSI-RS as it switches to the target BWP [7]. This way, the CSI-RS report will reflect the actual channel seen by the UE with the adapted antenna configurations. 
Another discussion point is the CSI-RS report configuration when the UE is switched to a DL-BWP with reduced number of maxMIMO-layers. Although that both maxMIMO-layers and CSI report configurations are independent, it makes sense from the UE power savings point of view to limit the CSI measurements and reporting to the level matching the configured value of maxMIMO-layers of the active DL BWP.
Observation 4 From UE power savings perspectives, if the UE is switched to DL-BWP with certain number of maxMIMO-layers, the UE can limit the CSI-RS reporting to that number of layers. 
Conclusion
Proposal 1: Support per-UL BWP configuration of maximum number of UL MIMO layers (maxRank) for NCB PUSCH.
Proposal 2: For the determination of the , the maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where X is given by the maximum value of the maxMIMO-layers parameters across the configured BWPs. Otherwise X is given by the parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell if that parameter is configured. Otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell.
Proposal 3: At least one of the BWPs is configured with maxMIMO-layers value equal to the per-cell maxMIMO-layers parameter if both parameters are configured.
Observation 1: To exploit the UL and DL channel reciprocity when the UE adapts the number of receive antennas, the UE sends ZP at SRS port(s) mapped to the de-activated antenna(s). 
Observation 2: Adaptation of the number of receive antennas based on the per-BWP max number of MIMO layers is up to UE’s implementation.
Observation 3: When the UE adapts its number of active antennas, it uses the reduced #antennas for CSI measurements, PDCCH monitoring and PDSCH reception.
Observation 4: From UE power savings perspectives, if the UE is switched to DL-BWP with certain number of maxMIMO-layers, the UE can limit the CSI-RS reporting to that number of layers. 
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