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Introduction
In RAN1 NR Ad-Hoc #2, the following agreements were made regarding non-codebook based UL transmission [1]:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· Alt.4: Signalling of a single TRI, a single CRI without TPMI indication in the UL grant
· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)
· Note: this may depend UE’s capability in terms of calibration
In this contribution, we discuss our views on down-selection of above signalling alternatives.
Discussion
All the four alternatives may be considered for non-codebook based UL transmission scheme.  We examine the performance implications of each approach. Specifically, since it has been agreed that frequency-selective precoding can be configured in some cases, we examine the overhead required to support this aspect for the various options. 
Alt-1: Signalling of SRI(s) only
In this alternative, a UE may be configured with a number of SRS resources and each resource may contain only one SRS port.  Based on reciprocity, the UE may choose multiple precoding candidates for precoded SRS transmission.  The gNB can signal to UE one or more SRIs to down-select the precoder from the recommendation.  The transmission rank is implicitly informed by the SRI(s), i.e., the number of layers equals to the total number of SRS ports associated with the selected SRS resources.  For example, if a UE is configured with 4 single-port SRS resources, a 4-bit bitmap can be used for indicating the SRI(s).
To signal subband precoding information, two mechanisms can be considered.  In one way, the subband precoding can be determined by gNB, i.e., the gNB can configure the UE multiple subband SRS resources for each SRS port and indicating the SRI(s) for each scheduled subband.  Depending on the number of scheduled subbands, subband SRI indication may require additional bits in the UL grant.  Alternatively, the gNB can just signal a single SRI for a SRS port and let the UE to decide the subband precoding.  
Alt-2, 3: Signaling of TRI and zero or a single SRI
Instead of configuring multiple single-port SRS resources, the gNB can configure a single SRS resource with multiple ports.  The UE can determine the precoding for each SRS port and the gNB can select a subset of ports in the SRS resource.  The port selection and transmission rank can be jointly indicated by TRI.  For example, if a UE is configured with 4 SRS ports indexed by {0, 1, 2, 3}, a 2-bit TRI, r, can be used for indicating indicate that SRS ports {0, 1, …, r} are selected for uplink transmission, r = 0, 1, …, 3.  The mapping between the TRI and the port subset may or may not be fixed.  For example, the gNB may configure two sets of mappings and dynamically indicate one set for the port selection.
Note that TRI applies to all scheduled subband.  So, subband precoding can be supported, similar to Alt-1, in a gNB transparent manner.  The UE can decide the SRS precoding on each subband.  
When a UE is equipped with multiple panels of antennas, a single SRS resource may not be sufficient.  In this case, a UE can be configured with multiple SRS resources.  Each resource is associated with a panel of antennas and contains multiple ports.  An SRI can be signalled to the UE to select a panel to be used for uplink transmission.  A TRI can further indicate the port selection and rank using the panel selected by SRI.
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Figure 1. Illustration of Alt-1 and Alt-2.

Alt-4: Signaling TRI and a single CRI 
When the beam correspondence holds, the UE can determine the uplink transmit beam based on the downlink receive beam.  The gNB may configure a UE with multiple CSI-RS resources and separate downlink beams are associated with individual CSI-RS resources.  The UE may decide a best received beam for each CSI-RS resource in downlink beam management.  For uplink transmission, the gNB may indicate UE a CRI which corresponds to one of the configured CSI-RS resource.  The UE may then use the receive beam determined in downlink beam management as the transmit beam in uplink.  
At the UE side, there could be multiple ports on a received beam.  Similar to Alt-2 and Alt-3, the TRI can be signalled to jointly indicate the port selection and rank.  Depending on the receive beamforming type, subband uplink precoding may or may not be supported by this approach.  If analogue receive beamforming is implemented at the UE, the uplink precoding cannot be frequency selective.  However, if the receive beam is formed in digital, then the subband precoding is still possible in a gNB transparent manner.
Based on above discussion, Alt-2 is actually a special case of Alt-3, when there is only one SRS resource is configured.  Both schemes can provide efficient support of uplink frequency selective precoding indication with minimum DCI overhead, while Alt-3 can further support multi-panel antennas at the UE side.
Proposal 1: NR supports signaling of TRI and a single SRI (if multiple SRS resources are configured) for non-codebook based UL transmission.
Conclusions 
To summarize, we examined the performance implications of different schemes for non-codebook based UL transmission schemes. Specifically, the impact of DCI overhead in the case of frequency-selective precoding was discussed. 
We propose a new scheme that has low DCI overhead even when frequency selective precoding is enabled, since only one SRI and one TRI are used to convey the allocated resource in the DCI. The proposal is given below:
Proposal 1: NR supports signaling of TRI and a single SRI (if multiple SRS resources are configured) for non-codebook based UL transmission.
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