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Introduction
In RAN1#89 meeting, following agreements were made [1]:
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
In RAN1 NR Adhoc #2 meeting, following agreements were made [2]:
Agreements:
· For PUSCH Precoding 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 meeting, following agreements were made [3]:
Agreements:
· For PUSCH Precoding 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 subband indication is supported, down-select Alt. 1-3 for it
In RAN1 NR Adhoc #3 meeting, the following working assumption was achieved[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
In this contribution we further discuss non-codebook based UL transmission including frequency selective precoding. 
Discussion
DCI signaling for wideband SRI indication
For wideband SRI indication, the number of layers, i.e., TRI, equals to the number of indicated SRI as only one SRS port per SRS resource can be configured. If the UE is scheduled to transmit k layers, k SRS resources are indicated by gNB. The signalling overhead for precoding indication is proportional to the number of SRIs. As SRI is transmitted in DCI, the payload shall not vary with the number of scheduled layers to avoid increasing the blind detection complexity of UE. In order to keep the payload size constant regardless of the number of indicated SRS resources, the following two alternatives can be considered:
Alt. 1: A bitmap is used to indicate the selected SRS resource(s). For a UE configured with N SRS resources, an N-bit bitmap is included in the DCI. Each bit in the bitmap corresponds to one SRS resource. The number of SRS resources N is higher-layer configured, and payload size is therefore determined from the higher-layer signalling.
Alt. 2: Possible combinations of SRI(s) are jointly encoded. When N SRS resources are configured, the payload for SRI indication would be 
 bits,
where K is the maximum number of data layers, i.e., maximum number of indicated SRI(s). If K always equals to N, Alt.1 and Alt.2 lead to the same payload of SRI indication. If K can be configured smaller than N, payload may be reduced for Alt.2. For example, if K = 1 and N = 4, then 2 bits in DCI is sufficient rather than 4 bits bitmap. 
If the maximum number of data layer supported by UE is K, more SRS resources than K can be configured to attain flexibility in selecting precoder for SRS transmission and data transmission. For example, more candidates of precoders are determined and applied to SRS by UE. gNB could select preferred precoders to balance variable targets like maximizing link throughput, minimizing inter-cell interference, etc. Another use case of configuring more SRS resource than K is to support analog beamforming. UE may transmit SRS with multiple analog beams for gNB to measure and select a best analog beam. But only one analog beam can be selected due to the restriction of analog beamforming. In this case, the maximum number of data layer is also smaller than the number of configured SRS resources.
Proposal 1: 
· For non-codebook-based UL transmission, the maximum number of data layers could be configured smaller than the number of configured SRS resources.
· Possible combinations of SRI(s) are jointly encoded in DCI. 
Frequency selective precoding 
It was agreed in the previous meetings that when the number of transmission ports is > 2, frequency selective precoding for CP-OFDM can be configured by gNB for non-codebook based UL transmission. However, the details of how to use frequency selective precoding for non-codebook based UL transmission should be carefully studied.  
Subband precoding for non-codebook based transmission can be achieved by using subband precoded SRS, i.e., UE determines the precoder for each subband, and transmits SRS with these subband precoders. In this way, signaling overhead of frequency selective precoding and wideband precoding would be the same. However, ZC sequence is used for SRS. ZC sequence has the property that different cyclic shift of a ZC sequence are orthogonal. Therefore, multiple users can transmit SRS simultaneously with different cyclic shift of a ZC sequence. For example, if the channels of two users are frequency flat, they are still orthogonal at the receiver. Therefore, gNB can distinguish them from each other. However, if the channel of one user is not frequency flat, such as using different precoders in different subbands, the orthogonality of the two users may be lost. In such case the detection reliability of SRS is questionable. As there is still no proper solution for frequency selective precoding with acceptable signaling overhead, we propose frequency selective precoding for non-codebook based UL transmission is not explicitly supported in Rel-15.
Proposal 2: Non-codebook based UL MIMO with frequency selective precoding is not explicitly supported in Rel-15. 
If frequency selective precoding has to be supported in Rel-15, wideband SRS transmission with one SRS port per SRS resource can be used. For non-codebook based UL transmission with frequency selective precoding, UE determines the precoder for each subband, and using subband precoded SRS. In order to restrict the payload of SRI indication, only wideband SRI is indicated.  
Proposal 3: If frequency selective precoding is supported for non-codebook based UL transmission, only one SRS port per SRS resource can be configured.
Proposal 4: If frequency selective precoding is supported for non-codebook based UL transmission, only wideband SRI is indicated.
Conclusions
In this contribution we discussed few aspects of non-codebook based UL transmission. We have following proposals:
Proposal 1: 
· For non-codebook-based UL transmission, the maximum number of data layers could be configured smaller than the number of configured SRS resources.
· Possible combinations of SRI(s) are jointly encoded in DCI. 
Proposal 2: Non-codebook based UL MIMO with frequency selective precoding is not explicitly supported in Rel-15. 
Proposal 3: If frequency selective precoding is supported for non-codebook based UL transmission, only one SRS port per SRS resource can be configured.
Proposal 4: If frequency selective precoding is supported for non-codebook based UL transmission, only wideband SRI is indicated.
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