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[bookmark: _Ref513464071]Introduction
A new work item on NR MIMO enhancements has been agreed in RAN #82 [2] which includes the following objectives:
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2 
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]

In RAN1#94bis [3], companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH including the following aspects:
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support

In RAN1#95 [4], it was agreed that an identifier (ID) can be used at least for indicating panel-specific UL transmission as following:
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission
In this contribution, we continue providing our views on the enhancements of NR beam management, especially beam selection for multi-panel operation that facilitates panel-specific beam selection.
Discussion
UE assistant information for beam selection with multi-panel operation
In RAN1 #90, the following agreement on UE assistant information for beam management were reached:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Support UE to provide information to gNB to assist UL beam management:
· The information can be a number representing the amount of SRS resources required for UE Tx beam training
· FFS: impact of multi-panel 

For UL beam management, SRS configuration is UE specifically configured. Since gNB may not know how many UL TX beams need to be trained for a given UE, it may be beneficial to allow a UE to provide information (e.g., at least include the amount of SRS resources required for UE UL Tx beam training) to gNB to assist SRS configuration, which has already been captured in the current Rel-15 RRC specification. 
When it comes to the objective of enhancements on multi-beam operation, a UE may have multiple panels with same or different antenna capabilities (e.g., different panels may form different number of beams). For a UE having multiple Tx panels, simultaneous transmission of multiple SRS resources with different beams could reduce the latency of the UL beam pairing procedure. To assist simultaneous UL beam sweeping across multiple UE panels, a gNB may configure panel-specific SRS resources such that UL TX beams may be differentiable in terms of transmitted panels. For this panel-specific SRS configuration, a UE should provide multi-panel capability related information to gNB. This multi-panel information may at least include the amount of SRS resource required for each UE panel.
Proposal 1: Support UE assistant information to provide multi-panel capability related information for SRS configuration. 
Low latency beam selection with multi-panel operation
For DL beam management, CSI-RS configuration is also UE specifically configured. The current CSI-RS configuration framework doesn’t support any association between Rx panel and CSI-RS resources. Therefore, although a UE has capability to receive multiple beams at the same time with multiple Rx panels, the UE should measure one beam at a time as the CSI-RS resources with different beams are multiplexed in time, thus resulting in unnecessary measurement delay. 
An example for such case is shown in the Figure 1 and Figure 2. Given a TRP and UE with two panels respectively as shown in the Figure 1, the corresponding beam measurement process is shown in Figure 2. Based on history information (e.g., P1), the TRP decides to configure 4 CSI-RS resources to the UE, among which 2 resources are transmitted from TRP panel 1 and the other 2 resources are transmitted from TRP panel 2. Without association between Rx panel and CSI-RS resources, the UE does not know which resources should be measured at a specific UE panel. For this reason, each UE panel has to measure 4 resources, while the best case is to measure only 2 resources. The latency of beam pairing procedure could be reduced by supporting association between UE Rx panel and CSI-RS resources. Note that this unnecessary delay may become more significant if the number of involved DL TX beams and panels is increased.
Proposal 2: Study simultaneous measurement of multiple CSI-RS resources with multi-panel capability for low latency beam selection.
After the configuration and measurement of multiple CSI-RS resources, another question is how to avoid beam reporting ambiguity. In the above example, the four configured CSI-RS resources may be from the same resource set or from different resource sets (e.g., 2 CSI-RS resource sets). If the CSI-RS resources are from different CSI-RS resource sets, the CSI-RS resource index may be only locally differentiable within each CSI-RS resource set. In other words, during simultaneous DL multi-beam transmission, some CSI-RS resources which have the same local index may be simultaneously transmitted on different beams. For example, two CSI-RS resources from two different resource sets may have the same index value 1 within each set, but transmitted simultaneously. When the corresponding UE perform beam reporting on one beam CRI#1, the gNB may not know which beam is measured and reported. Hence, a parameter may be introduced to indicate simultaneous multiple CSI-RS resources transmission corresponding to different beams.
Proposal 3: Study simultaneous DL multi-beam transmission support when gNB and UE have multiple panels. 




Figure 1 Multi-panel UE and multi-panel TRP


[bookmark: _Ref525821932]Figure 2 Potential latency reduction if simultaneous Tx multiple beams are supported

Similarly, SRS configuration for UL beam management may also need consider the multi-panel capability. When a UE is configured with multiple SRS resources, the SRS resources may be transmitted from different UE panels simultaneously to reduce overall beam sweeping delay for beam selection. Without the association information between panel and SRS resources, gNB couldn’t trigger multiple SRS resources with different beam at the same time. Therefore, it is beneficial for low latency beam selection to support simultaneous SRS resource trigger with different beams for a UE with multiple panel capability. 
In order to allow this, association information between SRS resource and panel at a UE transmitter should be available at the gNB so that the gNB can trigger multiple SRS resources in different panels. The details of signaling method could be further studied if the association between SRS resource and UE Tx panel is supported.
Proposal 4: Study simultaneous transmissions of multiple SRS resources with multi-panel capability for low latency beam selection.
Proposal 5: Study to support association between SRS resources and UE transmit panel for simultaneous transmission of multiple SRS resources.
As agreed in RAN1 #95, an identifier (ID) can be used to support panel-specific UL transmission including PUSCH, PUCCH and SRS, where a gNB may need to have association information between panel and uplink beams from a UE. For example, a gNB can trigger a PUSCH transmission with an SRI which belongs to a specific panel only so that a UE can turn-off the other panels which may not be used. In this case, a gNB may provide information (e.g., ID) of panel to be used for a PUSCH transmission.
Alternatively, a gNB may trigger two SRS resources simultaneously if they are associated with different panels. For this case, gNB should still need to know which beams are associated which panel. In this case, the identifier could be used to indicate a beam for each panel.
[bookmark: _GoBack]We believe both use cases (i.e., panel turn-off for power saving and simultaneous multiple UL beam transmission) are beneficial and need to be supported in Rel-16.
Proposal 6: Rel-16 NR supports panel turn-off as well as simultaneous multi-beam transmission in UL using the ID for panel-specific transmission. 
Conclusion
In this contribution, we provide our views on the enhancements of NR beam management, especially beam selection for multi-panel operation that facilitates panel-specific beam selection. Our observation and proposals are as follows:
Proposal 1: Support UE assistant information to provide multi-panel capability related information for SRS configuration. 
Proposal 2: Study simultaneous measurement of multiple CSI-RS resources with multi-panel capability for low latency beam selection.
Proposal 3: Study simultaneous DL multi-beam transmission support when gNB and UE have multiple panels. 
Proposal 4: Study simultaneous transmissions of multiple SRS resources with multi-panel capability for low latency beam selection.
Proposal 5: Study to support association between SRS resources and UE transmit panel for simultaneous transmission of multiple SRS resources.
Proposal 6: Rel-16 NR supports panel turn-off for power saving as well as simultaneous multi-beam transmission in UL using the ID for panel-specific transmission.
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