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1 Introduction

Before RAN1#90, it was agreed for non-codebook based transmission for UL-MIMO [1] [2] [3]:
· Support at least the following UL transmission schemes for data in NR
· Scheme B: Non-codebook based UL transmission

· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).

· Support the indication of DL measurement RS for UE to calculate candidate precoder

· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· 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

· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it
In last meeting, further progress has been achieved and it was agreed as a working assumption that [4]:
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 

· Note: to support high rank transmission, multiple SRS resources should be indicated

· FFS: subband SRI indication

· FFS: Details of DCI for wideband SRI indication
· FFS: Details on how to reduce the overhead and SRS resource
Based on the agreements in UL non-codebook based transmission above, we will present our views on the mechanism for precoder determination and frequency selective precoding in this contribution.
2 PUSCH precoder determination in non-codebook based UL MIMO
In NR ad-Hoc meeting, it has been agreed to support the indication of DL measurement RS for UE to calculate candidate precoder in non-codebook based transmission scheme [2]. Since the DL measurement RS may be transmitted from different TRPs or different beams, the indication of DL measurement RS should be used to indicate which DL RS is used for UL precoder determination. 
Then, the remaining issue is how to signal the DL RS indication. At first, for supporting full rank channel estimation, the DL RS should be CSI-RS. Otherwise, it is possible that only part of channels can be estimated for precoding calculation for SRS transmission. Then, during the scheduling of UL transmission, the indication of CSI-RS for precoding calculation should be as soon as possible, otherwise additional delay will be introduced. 

Proposal 1: Support indicating CSI-RS for UE to calculate UL candidate precoders for SRS via DCI.
It has been agreed that SRI is used for gNB to determine UL transmission precoding in non-codebook based transmission. Multiple one-port SRS resources can be selected, where each of the SRS resource is associated with one layer of PUSCH transmission. In this configuration, each layer can be transmitted with a specific beam/precoder generated by UE. Furthermore, the configuration costs a relatively small SRS resource overhead since 4 one-port SRS resources are enough to support maximum 4-layer transmission.

Proposal 2: Confirm the working assumption, i.e., only one port per SRS resource is supported for non-codebook based transmission.
3 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. 
In the frequency-selective precoding, there is a concern on DCI signalling overhead if multiple SRIs are indicated for each subband. One solution is to fix or configure a small number of subband SRIs, so that DCI overhead will not increase significantly when a large bandwidth is allocated. However, in high rank uplink transmission, further enhancement needs to be considered to reduce DCI overhead. 
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. However, due to the property of frequency selective channel, the optimal candidate precoder set corresponding to different subband varies significantly. In this case, if SRS of each subband is restricted to be precoded with the same candidate precoder set, the same candidate precoder set has to cover all the candidate precoder sets corresponding to all the subbands. For instance, if we assume there are N subbands in total and the each subband corresponds to 4 optimal candidate precoders, the overall precoders carried on SRS for all subbands have to be 4N to guarantee the optimal precoder selection in each subband. However, this will lead to significant SRS overhead and the SRI signaling overhead.
In contrast to option 1, the DCI signalling overhead can be significantly reduced by option 2. For option 2, SRS is precoded with the optimal candidate precoder set for different subband. So, the candidates of precoders transmitted in SRS can be reduced for each subband compared to the wideband-precoded candidates in option 1. Take the same example, for option 1, at least 4N candidate precoders are required, but for option 2, the required number of candidates is only 4 for the same performance. Then, for the DCI signalling, option 1 needs log(4N) bits for each subband, and in total N*log(4N) bits to indicate precoders for all subbands for rank-1 transmission, while only with 2N bits are needed in option 2. Obviously, the overhead of SRS transmission and DCI signalling is significantly reduced in option 2. 
In option 2, 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, one best beam can be selected from a single candidate-precoder group provided in precoded SRS. As an example, in Figure 1, precoding granularity of SRS and resource allocation are the same, e.g., 4 RBs. Note that each precoder used for each subband of the two SRS is associated with the optimal analog beam indicated in beam management procedure. For each PUSCH precoding granularity, gNB can select a best precoder for the corresponding allocated subband from two different candidates. 
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Figure 1. Aligning SRS frequency selective subband with PRG size
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 SRS precoding granularity is the same as PRG size.

For the precoding indication from gNB, there are following three alternatives for frequency selective precoding:

· Alt. 1: Subband SRI.
· Alt. 2: Wideband SRI.
· Alt. 3: Wideband TRI.
For Alt. 1, subband SRI is indicated for each PRG. The function of subband SRI is quite similar to subband TPMI discussed in codebook based transmission scheme. PRB bundling size, or equivalently, PRG size, refers to the frequency granularity of subband SRI indication, i.e., the number of PRBs that are indicated with the same SRI. Considering that each subband will suffer from different degrees of interference, the generated precoder is only optimal for signal space while may be not optimal for UL interference space for some subbands. Furthermore, for the case of MU-MIMO, precoders of different paired UEs should be guaranteed to be orthogonal for each subband. So, it is beneficial to let gNB indicate the precoder for each subband. Through subband SRI indication, gNB could take care of the precoder used for each subband. 
For Alt. 2, a single SRI is indicated for all subbands. The precoding scheme used for SRS should follow option-2 so that different subband can use different precoder. The precoding granularity of SRS should be configured by gNB and aligned with PRG size so that channel estimation can be done by a bundle of DMRS. In this case, a better modulation performance can be achieved. Alt. 2 can 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 selected by gNB side with considering the channel and interference situation.

For Alt. 3, multiple SRS ports are transmitted by UE, and the number of ports per SRS is equal to maximum rank supported by the UE. TRI is indicated for PUSCH precoder determination. Precoding scheme for SRS is same as alt. 2, while the difference from alt. 2 is that relationship between TRI and selected precoders are predefined. For example, there is an ordering of beamforming for all subbands, then if TRI=1, the first beamformer in each subband will be selected, if TRI=2, the first and second beamformer in each subband will be selected, etc. In such scheme, however, due to the fixed relationship between rank and precoding selection, the generated precoder is only optimal for signal space while may be not optimal for UL interference space. Alt.3 will loss the performance gain of frequency-selective precoding, even worse than alt.2 since beam selection is with ordering (without flexibility in indication of multiple SRS resource).
Moreover, for the case of MU-MIMO, through TRI indication the precoder selected for each UE must be a predefined one out of each one’s candidate precoder set, e.g. always being the first one. Despite the first one out of the candidate precoder set is the dominant precoder for each UE’s SU transmission, the orthogonality between these two precoders cannot be guaranteed for MU paring which will degrade the MU-MIMO performance. Both alt .1 and alt. 2 can indicate any combination of the precoder for each UE from the candidate beam set which can maximize the throughput. Thus, comparing with alt. 1 and alt. 2, the optimal precoder cannot be selected for MU MIMO due to the lack of flexibility for indication.
Observation 1: For non-codebook based UL MIMO, subband SRI is necessary for frequency selective precoding.
Proposal 4: For non-codebook based UL MIMO, subband SRIs are supported for frequency selective precoding.
4 Conclusion
From the above discussion, we have the following observation and proposals:
Observation 1: For non-codebook based UL MIMO, subband SRI is necessary for frequency selective precoding.
Proposal 1: Support indicating CSI-RS for UE to calculate UL candidate precoders for SRS via DCI.

Proposal 2: Confirm the working assumption, i.e., only one port per SRS resource is supported for non-codebook based transmission.
Proposal 3: For frequency selective precoding based non-codebook based UL MIMO, frequency selective precoding SRS should be supported, where the SRS precoding granularity is the same as PRG size.

Proposal 4: For non-codebook based UL MIMO, subband SRIs are supported for frequency selective precoding.
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