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Introduction
RAN1 NR AH#2 also has listed some options for related DCI information for non-codebook based 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 RAN1#90, the following is agreed for wideband indication [2]:
· 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 RAN1 NR AH#3, there is working assumption about the PUSCH precoder determination in non-codebook-based UL MIMO [3]:
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
· 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 paper, we will present our considerations on the PUSCH precoder indication of UL non-codebook-based transmission.

Discussion
2.1 Wideband indication
[bookmark: _GoBack]For non-codebook based UL transmission, it seems that only Alt.1 is supported, while the major controversy is on the SRS resource type, i.e.  whether the port number of each SRS resource could be only equal to 1 or not. In Alt.1, UE could be configured with multiple SRS resources. Based on reciprocity, UE could select multiple candidate precoders applied to SRS precoding. Then gNB indicates the selected precoder in UL grant based on the uplink measurement, and TRI is implicitly indicated. As the following figure illustrates the SRS resource type, one is configured with only 1-port for each SRS resource (Alt.1-a), while another is configured with a different port number among SRS resources (Alt.1-b).
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Figure 1 Illustration of SRS resource type
For Alt.1-a, the gNB can signal to UE one or more SRI(s) to select the precoder from UE recommendation, and TRI is implicitly indicated by the number of SRI(s) in UL grant. This way provides more flexibility for gNB to select the optimal precoder. In general, the interference is not reciprocal between UL and DL, the optimal precoder recommended by the UE may be different from the perspective from gNB.
For Alt.1-b, the gNB can signal to UE one SRI to select the precoder from UE recommendation, and TRI is implicitly indicated by the port number of SRS resource corresponding to the SRI in UL grant. To some degree, this way limits the flexibility of gNB selecting the precoder. As Fig.1 shows, if TRI is equal to 1, Alt.1-b has only one choice while Alt.1-a has 4 candidate precoders for gNB selection. If the same flexibility is provided by the Alt.1-b as Alt.1-a, more overhead is required.
Based on the above the analysis, we have the following proposal:
Proposal 1: Confirm the WA of last meeting:
· 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.

2.2 Subband indication
In RAN1#89 meeting [4], it has been agreed:
· 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
With SRI-only indication, for subband indication, one way is to configure UE with multiple subband SRS resources as shown in Figure 2-a. In this situation, there is direct linkage between SRI and subband precoder indication. Obviously there will be more overhead signaling depending on the number of subbands. For example, if gNB indicates SRI(s) in UL grant as 100110, it means {SRI0, SRI3, SRI4} corresponding to {subband0, subband 1, subband 2} and TRI is 1.Another way is to configure UE with multiple wideband SRS resources as shown in Figure 2-b where gNB indicates subband precoding according to predefined subband order. For example, if gNB indicates SRI(s) in UL grant as 100000 010000 000010, it means {SRI0, SRI1, SRI4} corresponding to {subband0, subband 1, subband 2} and TRI is 1. The overhead is higher. 
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Figure 2 Illustration of Subband indication
On the other hand, performance gain of frequency selective precoding for non-codebook based is not clear at present. Thus we have the following proposal:
Proposal 2: Further study the necessity of supporting subband indication, considering performance gain and overhead signalling compared with wideband indication for non-codebook based UL transmission.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: Confirm the WA of last meeting:
· 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.
Proposal 2: Further study the necessity of supporting subband indication, considering performance gain and overhead signalling compared with wideband indication for non-codebook based UL transmission.
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Figure-2a: Subband single-port SRS resources
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Figure-2b: Wideband single-port SRS resources
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