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Introduction
In RAN1 #91 Meeting [1], several agreements on details and the operation non-codebook based UL transmission were reached; 
	Agreement
· For uplink codebook subset restriction based on RRC signaling, support 3 states to define the TPMI for coherent transmission, partial coherent transmission and non-coherent transmission
· Definition of three states: One state to indicate coherent, partial coherent, and non-coherent transmission, one state to indicate partial coherent, and non-coherent, one state to indicate non-coherent transmission
· Only one state can be configured among the three states
· For a UE reporting its capability of partial coherent transmission, it shall not expect the gNB to configure the coherent transmission state.
· For a UE reporting its capability of non-coherent transmission, it shall not expect the gNB to configure the coherent or partial coherent transmission state.
· The size of the DCI field for TPMI is determined by the selected state
· TRI restriction (max transmit rank) is part of TPMI size reduction
· FFS: Whether TRI and TPMI are jointly or separately encoded
· Support to use RRC signaling to explicitly select between codebook based transmission and non-codebook based transmission 
· [bookmark: _Hlk503388590]FFS on definition of UE capability for non-codebook based transmission 
· For non-codebook based UL transmission, the UE can only be configured for one SRS resource set with the following details:
· The UE can be configured to simultaneously transmit up to X SRS resources
· X is part of UE capability signalling
· The SRS resources transmitted simultaneously occupy the same RBs

· SRI is associated with the most recent SRS transmission 

· For the association between CSI-RS and an SRS for non-codebook based uplink transmission, the CSI-RS resource is associated to a SRS resource set.
· Support to use RRC signalling to explicitly differentiate between SRS resources sets for beam management and SRS resource set for codebook/non-codebook based UL transmission;
· For SRS resources sets for UL beam management, only one resource in each of multiple SRS sets can be transmitted at a given time instant 
· The SRS resources in different SRS resource sets can be transmitted simultaneously 

· Maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4

· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. X is fixed for all UE (FFS X values)
· X is defined per SCS
· For non-codebook based UL transmission, 
· The rank of UL transmission is derived from SRI field in UL DCI
· Encoding of the DMRS indicator is determined from the derived rank
· SRI field corresponds to a pre-determined combination of SRS resources, which are configured in the SRS resource set for non-CB-based UL
· The bit-width of SRI field in UL grant is ceiling(log2()), where Lmax is maximum number of supported layers and N is the number of configured SRS resources in the set




In this contribution, we provide our perspective on timing behavior of SRS resources. Furthermore, we comment on required UE capability for non-codebook based transmission. 

Timing of SRS Resources 
[bookmark: _Hlk503362029][bookmark: _Hlk503366935]Sounding Reference Symbol (SRS) transmission is used for beam management and CSI acquisition. A UE can be configured with one or more SRS resource sets where in each SRS resource set, a certain number of SRS resources can be configured. The notion of SRS resource set is to efficiently manage configuration and use of SRS resources. In NR, each resource set is RRC configured for a specific use, i.e., beam management, and CSI acquisition. As shown in Figure 1, the definition of a SRS resource set is agnostic to the employed antenna system configuration at the UE. An SRS resource set may be defined based on SRS resources of available within a single panel or based on resources across the available multiple panels. In the example shown in Figure 1, either of SRS resource sets 1 or 2 may be considered for beam management. In either configuration, only one SRS resource of the set can be transmitted at a given time to create independent beams. Conversely for CSI acquisition, different resources across available panels can be used for CSI measurement where in that case multiple SRS resources are used simultaneously.  


Figure 1 Examples of SRS resource sets 
Following the last RAN1 meeting, discussion on control signaling for uplink MIMO continued. Part of the discussion touched the time behavior of SRS resources. It has been argued that to simplify the operation, SRS resources in a resource set should have a similar time domain behavior in periodic, aperiodic and semi-persistent transmissions. However there are certain use cases that consideration of different time behavior for SRS resources may be beneficial. Different SRS resources of a set may belong to different panels, and it may be that for each panel given the direction, effects of hand-grip, etc., a different time configuration may be needed for periodic or aperiodic CSI-acquisition. Besides, it may be needed to have a periodic CSI measurement on one SRS resource of one panel, and aperiodic on the another. Despite potential benefits of a more simplified configuration, having a similar time behavior for all SRS resources of a SRS resources set could restrict the flexibility of SRS transmission.
Proposal 1 - Maintain independent timing behavior of SRS resources of a SRS resource set. 
UE Capability for Non-Codebook UL Transmission
In RAN1 meeting #90b, three levels of coherency for codebook-based UL transmission was defined [2]. It was also decided that switching between non-codebook to codebook-based UL transmission requires explicit signaling through RRC configuration. To enable the non-codebook based operation, a definition of UE capability for non-codebook based transmission is required. 
Since, non-codebook UL MIMO transmission is based on channel reciprocity, the state of UE calibration can be considered as the main criterion for non-codebook UL MIMO capability. In a reciprocity-based CSI framework, since a UE bases its UL transmission on the measurements performed on the downlink channel that is observed through the RF chains and antenna system, it is important that the UE is properly calibrated [3]. To exploit the reciprocity principle it is required that , however due to mismatch of the transmitter and the receiver gain elements in the RF chain of eNB and the UE, . The sources of such mismatches are mainly from amplitude and phase variations of the used components in the RF signal chain. In general, the principal requirements for a calibrated multi-antenna system can be expressed as 


where  and are arbitrary constants. Given the impact of mis-calibration on the validity of the estimated uplink channel, and consequently on the performance of the MIMO transmission [3], a UE should be adequately calibrated for non-codebook based UL MIMO transmission.
Proposal 2 - RAN1 considers UE indication of its state of calibration as the basis for non-codebook base UL MIMO capability.


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]		
Figure 2 - Down link and Uplink TX/RX chain model
Summary
In this contribution, we provide our perspective on timing behavior of SRS resources. Furthermore, we commented on required UE capability for non-codebook based transmission. Based on the presented discussion, following proposals are made:
Proposal 1 - Maintain independent timing behavior of SRS resources of a SRS resource set. 
Proposal 2 - RAN1 considers UE indication of its state of calibration as the basis for non-codebook base UL MIMO capability.
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