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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
UL MIMO is a key future for NR MIMO to improve UL throughput. Before RAN1#91, it was agreed that [1]-[7]:
Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
· Note: frequency-selective TPMI is to be discussed separately
Agreements:
· 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
Agreements:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
· FFS details
· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it
Agreement:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission
· The above does not preclude frequency selective precoding on SRS
Agreement:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition
· Specify the following mechanism for DCI signalling:
· Using the same field for AP-SRS resource triggering 
· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition
· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 
· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 
· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot
· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS
· [bookmark: _GoBack]Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation
Agreement:
· When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:
· Alt 1: 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 (for a subset of the configured SRS resource sets) can be transmitted simultaneously 
· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously
· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 
· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously
· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework
· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 
· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 
· per subset, or
· the supported number of SRS resources that can be transmitted simultaneously per set
· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding.
Based on the agreements in UL non-codebook based transmission above, we will present our views on the remained issues for UL non-codebook based transmission.
Frequency selective precoding for non-codebook based transmission
It has been agreed to support frequency selective precoding for both codebook and non-codebook based UL transmission when the number of uplink transmission port is large than 2. Only wideband SRI is supported in Rel.15, while subband SRS precoding is left as UE implementation.  In order to maximize the frequency diversity gain and the channel estimation gain, we can define SRS precoding granularity similar to DL PRB bundling. The precoding granularity of SRS resource should be configured by gNB to align with the same or multiple times of DL DMRS bundling size at least for CP-OFDM waveform.
Proposal 1: The precoding granularity of SRS resource should be configured by gNB to align with the same or multiple time of DL DMRS bundling size at least for CP-OFDM waveform.
SRS resource grouping
The following proposals have been agreed by email discussion:
One of the motivations to support SRS resource grouping is for gNB to know which SRS resources can transmit simultaneously. The same SRS resource limitation apply to both beam management and non-codebook based transmission. For UL beam management, UE can transmit multiple SRS resources for beam sweeping, and gNB perform RSRP measurements on those SRS resources and indicate the SRI corresponding to the SRS resources with the highest RSRP. If a UE with multiple analog or hybrid beams is scheduled for SRS transmission of multiple beams, gNB and UE need to have a common understanding of which combinations of SRS resources can be transmitted simultaneously. UL non-codebook based transmission using the SRS beam have the same transmission constraint as SRS transmission. 
Based on those observations, we have the following proposal:
Proposal 2: Support SRS resource grouping for UL beam management and non-codebook based transmission.
Three alternatives are provided for UE to signal it SRS grouping information. Alt. 1 is more suitable for analog beamforming with lower overhead. Alt. 2 is both intuitive and simple for hybrid/digital beamforming architecture. A compromise way is to support both methods for different beamforming architecture. UE only need additional 1-bit signaling for grouping method indicator, based on which gNB could correctly interpret the related information.
Proposal 3: UE should report it beamforming architecture by using a 1-bit indicator, ‘0’ corresponding to analog beamforming, ‘1’ corresponding to hybrid/digital beamforming, or the other way around.
Proposal 4: When a UE with analog beamforming is configured with multiple SRS resource sets, only one resource in each of multiple SRS sets can be transmitted at a given time instant. 
Proposal 5: When a UE with hybrid/digital beamforming is configured with multiple SRS resource sets, all resources in one of a UE’s SRS resource sets can be transmitted simultaneously
Based on the above SRS resource grouping method, the information UE signal to gNB should include at least the number of SRS resource set, the supported number of SRS resource per set and the SRS resources in each SRS resource set. 
Proposal 6: UE should indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set.
Conclusion
Proposal 1: The precoding granularity of SRS resource should be configured by gNB to align with the same or multiple time of DL DMRS bundling size at least for CP-OFDM waveform.
Proposal 2: Support SRS resource grouping for UL beam management and non-codebook based transmission.
Proposal 3: UE should report it beamforming architecture by using a 1-bit indicator, ‘0’ corresponding to analog beamforming, ‘1’ corresponding to hybrid/digital beamforming, or the other way around.
Proposal 4: When a UE with analog beamforming is configured with multiple SRS resource sets, only one resource in each of multiple SRS sets can be transmitted at a given time instant. 
Proposal 5: When a UE with hybrid/digital beamforming is configured with multiple SRS resource sets, all resources in one of a UE’s SRS resource sets can be transmitted simultaneously
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