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1. Introduction
In RAN1 #89, it was agreed that frequency selective precoding should be supported as following [1]. 

· 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
In RAN1 NR Ad-Hoc #2 meeting, the following techniques were agreed to be candidate schemes [2].

· 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 RAN1 #90, it was agreed that the following techniques are supported/studied for UL Non-codebook based transmission. 
· At least for WB indication, Alt 1 is agreed: at least SRI(s) only without TPMI indication in the UL grant 

· 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 RAN1 NR Ad-Hoc#3 meeting, the following working assumption was agreed to be further studied for UL Non-codebook based transmission.  
· 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
In this contribution, we show our views on non-codebook-based UL transmission.
2. PUSCH precoder determination in non-codebook-based UL MIMO 
In RAN1#Ad-Hoc #2 meeting, it was agreed to further study following alternatives:

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
For Alt.1, UE transmits multiple SRS resources with one SRS port. gNB indicates selected SRI(s) to UE. Then the number of SRIs equals to the transmission rank. UE follows gNB’s instruction to do PUSCH precoding. 

For Alt. 2-4, TRI and maximum one SRI or CRI are indicated to UE. As no SRI or only one SRI is indicated to UE, gNB can only determine a group of precoders for PUSCH. The final determination on PUSCH preocding is made by UE, e.g., through channel reciprocity. However, even when channel reciprocity is valid, UE cannot obtain the knowledge on the channel of other UEs, which would cause uplink interference. On the contrary, gNB can acquire more comprehensive knowledge on the entire channel, which lead to a better decision on PUSCH precoding. Therefore, since Alt. 2-4 would bring certain risk on performance reduction by uplink interference or invalid channel reciprocity, Alt.1 is preferred.

In RAN1 #90 meeting, it was agreed that at least for WB indication, Alt 1 is agreed, at least SRI(s) only without TPMI indication in the UL grant. In the next section, we will discuss whether or not to support SB indication for Non-codebook based UL transmission, and how to support SB indication considering DCI overhead. 

In RAN1 NR Ad-Hoc#3 meeting, there is a working assumption that 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. Based on above discussion, we propose to confirm this working assumption. 
Proposal 1: Confirm the following working assumption:
· 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
3. Frequency-selective precoding
In RAN1#89 meeting, it was agreed that frequency selective precoding for CP-OFDM should be supported when the number of transmission ports is >2. 
Upon using frequency selective precoding, performance is expected to be enhanced, especially in the SBs that channel condition is good. On the other hand, frequency selective precoding would cost  more DCI overhead, even for non-codebook based approach, where SRI needs to be indicated in DCI. Hence design of frequency-selective precoding for non-codebook based scheme should consider DCI overhead carefully. 

Generally, if channel condition is good, SB SRI indicated by DCI can achieve good match to the real channel. Then performance can be enhanced significantly. Sub-band SRI(s)-indication means in the associated sub-band, UE uses the same precoder(s) with the indicated SRS resource(s).

On the other hand, in some SBs, where deep fading exists, SB precoding would not bring too much gain compared with WB precoding. Hence a solution to low overhead frequency-selective precoding is to indicate partial-SB SRI to UE, whereas other SBs can just use the WB SRI as shown in Fig.1. gNB can just indicate sub-band SRI on partial sub-bands, for example, sub-bands which are more frequency selective, or which has more potential to increase performance by sub-band indication. For the other sub-bands, UE just follows WB SRI indication.  Compared with the scheme that gNB configures a large SB size, similar DCI overhead is used. However, partial-SB precoding would bring better flexibility and potential to enhance performance, as the SB-specific operation would benefit more from the SB with better channel condition. Moreover, following this approach, more flexibility of sub-band size configuration can be achieved as sub-band size can be independently configured with RA, and DCI size on sub-band SRI does not change. 
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Fig. 1 Partial-SB SRI indication

Other than SRI, CRI can also be used for non-codebook based indication when channel reciprocity is presence. Moreover, if even with partial-SB SRI/CRI, DCI overhead is still a major concern, e.g., for the case that PDCCH resource is limited, saying one or less than one symbol, a multi-level signaling structure can be considered to further reduce DCI overhead. Specifically, MAC CE can be used to configure a subset of the candidate partial-SB SRI/CRIs, and DCI is used to select one or more from the subset. 

Proposal 2:  For frequency selective precoding, NR supports sub-band SRI(s)-only indication

· Partial-SB SRI indication is supported to achieve low DCI overhead
4. Conclusion
In this contribution, we discuss non-codebook based and hybrid based UL transmission for NR. From the above discussion, we have the following proposals:
Proposal 1: Confirm the following working assumption:
· 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
Proposal 2:  For frequency selective precoding, NR supports sub-band SRI(s)-only indication

· Partial-SB SRI indication is supported to achieve low DCI overhead.
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