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Introduction
In RAN1 meeting #98, it was agreed to support the configuration of the maximum number MIMO layers per each DL BWP. Discussion continued in the previous RAN1 meetings #98bis and few agreements were made to resolve some considerations related to the determination of the TBS LBRM size and the relationship between the per-cell and the per-BWP configured values of maximum number of MIMO layers.
	Agreement:
Support per-DL-BWP configuration of maximum number of DL MIMO layers 
· Signalling details up to RAN2
Agreement:
· The configured per-BWP DL max MIMO layer value is expected to be less than or equal to the per-cell configured DL Max MIMO layer value (if configured).
Agreement:
· DL-SCH TBSLBRM is invariant across all the DL BWPs, when DL max MIMO layer adaptation is per BWP
FFS details
Agreement:
· 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.
· When maximum number of DL MIMO layers per BWP is configured for all configured DL BWPs for a serving cell,
At least one BWP is configured with per-BWP configured maximum number of DL MIMO layers value equal to the per-cell configured maximum number of DL MIMO layers value (if configured).




This contribution will discuss couple of the remaining issues related to the adaptation of maximum number of MIMO layers per DL BWP.
Discussion on the cconsideration of per DL-BWP maximum MIMO layer adaptation
SRS antenna switching and channel reciprocity
When the UE is switched to a different 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 2‑1, 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: _Ref20943857]Figure 2‑1: 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 antennas since only two receive antennas are enabled. It should be sufficient to only sound the antenna ports mapped to the active antennas. Therefore, 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. Also, from network perspective, sounding the SRS ports mapped to the deactivated antennas is not needed and results into extra SRS resource overhead. Limiting the channel sounding only to the active ports will free up some of the SRS resources which in turn can be utilized by the network to assign these SRS resource to other UE(s).  
To resolve this issue, different solutions can be adopted. The simplest solution is that by implementation the UE can send zero power (ZP) at SRS ports corresponding to the de-activated antenna(s). To resolve the SRS resource overhead, the UE can implicitly inform the network which SRS ports and/or SRS-Resources are utilized based a predefined fixed rule. The specification of the rule would enable the gNB to detect which ports are not utilized by the UE. This mechanism represents an implicit request by the UE to change the RRC-configured SRS antenna switching mode to a fallback SRS antenna switching mode. A simple role could be based on sounding the first port the SRS Resource or sounding the first SRS resource in the SRS Resource set. As an example, a UE with t2r4 capability is configured with one SRS-Resource set with two SRS resources in the set, each resource contains 2 ports. The two SRS resource are transmitted on different mode. In fallback mode from t2r4 to t1r2, the UE sound only the first port in each SRS resource. And a fallback mode from t2r4 to t2r2 can be realized by the UE sounding only the first SRS resource in the SRS-Resource set. And finally, a fallback mode from t2r4 to t1r1 can be realized by sound only the first port of the first SRS resource.
Observation 1: To exploit the UL and DL channel reciprocity when the UE adapts the number of receive antennas as it switches to a BWP with reduced number of maximum DL layers, the UE should sound the antenna ports mapped only to the active received antennas.
Proposal 1: The UE by implementation sends ZP at SRS port(s) mapped to the de-activated antenna(s).

Proposal 2: The UE implicitly informs the gNB of the utilized SRS ports and SRS-Resources by following a predefined rule based on sounding the first port(s) in the SRS resource or first SRS-Resource(s) in the SRS-Resource set.

CSI mismatch
The issue of the CSI mismatch was brought up by some companies [1]-[2] 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 RAN1 #98 provides a framework that helps the UE to quickly measure the CSI-RS as it switches to the target BWP [3]. This way, the CSI-RS report will reflect the actual channel seen by the UE with the adapted antenna configurations. 
Conclusion
Proposal 1: The UE by implementation sends ZP at SRS port(s) mapped to the de-activated antenna(s).

Proposal 2: The UE implicitly informs the gNB of the utilized SRS ports and SRS-Resources by following a predefined role based on sounding the first port in the SRS resource or first SRS-Resource in the SRS-Resource set.
Observation 1: To exploit the UL and DL channel reciprocity when the UE adapts the number of receive antennas as it switches to a BWP with reduced number of maximum DL layers, the UE should sound the antenna ports mapped only to the active received antennas.
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.
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