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1 Introduction

Before RAN1#90bis, it was agreed for non-codebook based transmission for UL-MIMO [1] [2] [3]:
· 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
· 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

In last meeting, further progress has been achieved and it was agreed as a working assumption that [4]:
· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission

· The above does not preclude frequency selective precoding on SRS
· 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

· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation
· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field

· Confirm the following working assumption:

· For non-codebook based precoding, each SRS resource contains one port

Based on the agreements in UL non-codebook based transmission above, we will present our views on the mechanism for frequency selective precoding in this contribution.
2 UE capability related parameters
It has been agreed that AP-SRS resource triggering field can be used to trigger AP-SRS(s) transmission and the associated P(>1)-port AP-CSI-RS used for determining the triggered AP-SRS precoder. The remaining issue is the scope of X used for channel estimation and precoder calculation, such as the AP-SRS(s) is transmitted X symbols after AP-CSI-RS. Considering that fast CSI has been supported in NR and the time used for UL precoder calculation may be far less than that used for CSI reporting, the AP-SRS and AP-CSI-RS can be in the same slot at least for the UE with fast CSI capability. 
Considering that the candidate precoder derivation for SRS is up to UE implementation, UE should report its capability related to the value of X similar to reporting its capability for the value of Y used for determining the time of CSI reporting. Moreover, the value of X should also be determined based on the number of antenna ports of the AP-CSI-RS. In this case, the exact value of X could be indicated in DCI.
Proposal 1: The minimum value of X should be reported by UE as its capability and the exact value of X could be indicated via DCI.
3 DCI signalling design for wideband precoding

It has been agreed that a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field, which means at least up to rank4 transmission will be supported. Since each transmission layer can be selected by a SRI, 4 SRIs are needed for Rank1~Rank4 transmission. Considering the overhead of DCI signaling for SRIs, bitmap indication for SRI(s) is a sufficient way to indicate multiple SRS resources with carrying preferred precoders for higher rank transmission. As an example: [1 0 1 0] means the rank2 transmission with precoders in the first and third SRS resources. 
Proposal 2: Support using bitmap for SRI at least for wideband precoding.
4 Frequency selective precoding for non-codebook based transmission
Frequency selective precoding has been agreed for both codebook based and non-codebook based UL transmission, when the number of uplink transmission ports is larger than 2. For frequency-selective precoding, it has been agreed that only wideband SRI is supported for non-codebook based transmission. There are two options of the precoding scheme for SRS as follows:
· Option 1: Non frequency selective precoding for SRS.
· Option 2: Frequency selective precoding for SRS.
For option 1, SRS is precoded with the same candidate precoder set across the whole SRS transmission band. Considering that only wideband SRI is supported even for frequency selective precoding, option 1 can only support wideband precoding transmission scheme. In this case, to support frequency selective precoding, the precoding scheme used for SRS should follow option 2 so that different subband can use different precoder. 
For option 2, each SRS is precoded with a candidate precoder for different subband. If multiple SRS resources are configured, one optimal precoder can be selected for each subband. The precoding granularity for each SRS resource should be configured similar to PRG size of PDSCH by gNB instead of being wholly decided by the UE due to the following reasons:
· When the precoding granularity is configured the same as PRG size for PUSCH, PUSCH can be transmitted with the same PRG size and channel estimation for data demodulation can be done by bundling DMRS in multiple RBs within PRG. A better detection performance can be achieved.
· It has been agreed that waveforms can be switched dynamically by using different DCI format, whether to use subband precoded SRS or wideband precoded SRS should be controlled by gNB so that when CP-OFDM is switched to DFT-s-OFDM, wideband precoded SRS should be selected. If precoding granularity can be configured for each SRS resource, gNB could select a specific SRS resource with precoding granularity equal to BWP to maintain a low PAPR.
Note that wideband SRI is benefit to save DCI overhead especially for high-rank transmission, but fails to explore full performance gain of frequency selective precoding, since the precoding in each subband cannot be selected by gNB based on the interference condition. In this case, at least more than 4 SRS resources should be configured as baseline to maintain enough frequency selective precoding gain.

Based on the above discussion, we propose that: 

Proposal 3: For frequency selective precoding based non-codebook based UL MIMO, frequency selective precoding SRS should be supported where the precoding granularity is configured for each SRS resource, and wideband SRI is used to select the SRS resource(s) for PUSCH precoding.
Moreover, the precoding granularity of SRS should be the same as (or multiple times of) the PRG size for PUSCH transmission, so that for each PUSCH precoding, only one best beam can be selected for each transmission layer. By doing so, the PRG size for PUSCH can be implicitly determined by selecting the SRS resource. When rank-1 PUSCH transmission is used, the PRG size for PUSCH is equal to the precoding granularity of the selected SRS resource; when rank>1 PUSCH transmission is used, the PRG size for PUSCH is equal to the greatest common divisor of the precoding granularities. As an example shown in Figure 1, two SRS resources are configured and the two precoded SRS are transmitted by UE with precoding granularity equal to 4 RBs. If gNB selects SRS resource#0, the precoders used for transmitting the allocated bandwidth for PUSCH will follow the precoders used for transmitting SRS on the SRS resource#0. Furthermore, the PRG size for the allocated bandwidth is equal to 4 RBs.
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Figure 1. Wideband SRI with subband precoded SRS
Proposal 4: For frequency selective precoding based non-codebook based UL MIMO, the SRS precoding granularity should be same as PRG size for PUSCH.

5 Conclusion
From the above discussion, we have the following observation and proposals:
Proposal 1: The minimum value of X should be reported by UE as its capability and the exact value of X could be indicated via DCI.
Proposal 2: Support using bitmap for SRI at least for wideband precoding.
Proposal 3: For frequency selective precoding based non-codebook based UL MIMO, frequency selective precoding SRS should be supported where the precoding granularity is configured for each SRS resource, and wideband SRI is used to select the SRS resource(s) for PUSCH precoding.
Proposal 4: For frequency selective precoding based non-codebook based UL MIMO, the SRS precoding granularity should be same as PRG size for PUSCH.
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