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1. 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 this contribution we further discuss non-codebook based UL transmission including frequency selective precoding. 
2. Discussion
2.1. Precoder determination
In RAN1 NR Adhoc #2 meeting, 4 precoding determination mechanisms were identified. In RAN1 #90 meeting, Alt. 1 was adopted for wideband indication.
Figure 1 shows the procedure of UL transmission of Alt. 1. For Alt. 1, UE is configured with several SRS resources. Then SRS is precoded with candidate precoders and transmitted on the configured SRS resources. Those candidate precoders can be derived based on downlink RS measurements and channel reciprocity. Based on the measurement of the precoded SRS, gNB indicates the preferred SRS resources via SRI in UL grant. Then UE uses the precoders of the SRS resources indicated by SRI as the precoder for PUSCH.
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Figure 1: Procedure of Alt. 1
There are two options to realize Alt.1 for UL transmission:
· Opt.1: Each SRS resource can be configured with one port and corresponds to one PUSCH layer.
The number of layers, i.e., TRI, equals to the number of indicated SRI. Each layer is transmitted with precoder of one SRS resource. If the UE is scheduled to transmit k layers, k SRIs are indicated by gNB. Then the signalling overhead for precoding indication of this method is proportional to the number of SRIs. As SRI is transmitted in DCI, the DCI payload shall not vary with number of scheduled layers to avoid increasing the blind detection complexity of UE. One way to signal SRI is using a bitmap. Each bit in the bitmap corresponds to one SRS resource. Then for a UE configured with N SRS resources, an N bits signalling is needed. Another way of signalling SRI(s) is encoding SRIs based on the possible combinations of SRI indications. When N SRS resources are configured, the payload for SRI indication would be
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 bits
where K is the maximum number of layers and can be configured by higher signaling. The payload may be different from the bitmap approach if K < N. 
· Opt.2: Configuring SRS resource with multiple SRS ports.
Each SRS resource corresponds to one rank value, and the number of SRS ports in each SRS resource equals to its corresponding rank value. UE transmits the precoded SRS with k-layer precoder in the SRS resource with k SRS ports. gNB indicates the preferred SRS resource with one SRI, then RI is implicitly derived from the number of antenna ports of the indicated SRS resource. For example, UE is configured with N SRS resources, each with 1, 2, …, N SRS ports. If UE is scheduled to transmit K layers, the SRI corresponding to SRS resource with K SRS ports is indicated, which implies TRI = K. In this way, SRI indication payload can be saved at the cost of configuring more SRS ports. If UE is configured with N SRS resources,  [image: image5.png]Nog, (N)]



 bits are needed for SRI indication. However, the SRS resource overhead of this option is higher than the Opt.1. If UE is configured with N SRS resources, [image: image7.png]v¥_.n



 SRS ports are needed in contrast to N SRS ports for the Opt.1.
The precoder selection of the Opt.1 is more flexible than Opt.2. By the Opt.1, the number of SRS resources (candidate precoders) can be flexibly configured by gNB. But by the second option, the number of SRS resources shall be exactly equal to the maximum rank. Even when the number of SRS resources is the same for the two approaches, more combination of precoders are available for higher rank transmission by Opt.1. 
Considering the SRS resources overhead, signaling indication overhead and flexibility, we propose that:
Proposal 1: For wideband indication of non-codebook based UL MIMO, multiple SRS resources are configured, with one SRS port per SRS resource. 
As we mentioned in a companion contribution [6] that if a UE does not support coherent transmission between any transmit chains, UL MIMO transmission can be supported by non-codebook transmission. Figure 2 shows the procedure of the non-coherent transmission, in which precoder determination based on channel reciprocity is not a necessary step. 
Observation: Non-coherent transmission can be supported by non-codebook based transmission.
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Figure 2: Procedure of non-coherent UL MIMO transmission
2.2. 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 channel 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. Therefore, for non-codebook based transmission, the stability of channel has to be ensured. One approach to ensure the stability of channel is to configure different SRS resources for different scheduled subbands. For this approach, if the number of subbands is large, the complexity of SRS configuration will be considerable. 
Instead of configuring different SRS resources for different scheduled subbands, another approach is one SRS resource covers multiple scheduled subbands. UE determines the precoder for each subband, and transmits SRS with these subband precoders. In order to ensure the orthogonality of SRSs in the same subband, the granularity of the subband precoding should be known by gNB. This can be realized by configuring PRB bundling size to UE. In this way, compared to the first approach, PRB bundling size is signaled to UE. By this way, Alt. 1 can be applied without subband SRI indicator. Following on the analysis in section 2.1, the Opt.1 of Alt.1 is preferred.
Alt. 2 and Alt. 3 are also candidates of indicating subband precoders. 
There are two ways of realizing Alt.2:
· Opt.1: Configure multiple SRS resources, each with multiple SRS ports, and each corresponds to one rank value.
The procedure of this option is same as Opt.2 of Alt. 1, except that TRI is indicated instead of SRI. The overhead of precoder indication (TRI) and SRS overhead equals to that of the Opt.2 of Alt. 1.
· Opt.2: Configure one SRS resource with multiple SRS ports.
The number of SRS ports equals to the maximum number of layers that gNB intends to schedule. UE transmits precoded SRS on each SRS port. In this way, one SRS port corresponds to a layer. The number of the SRS ports selected by gNB equals to TRI. gNB signals TRI to UE to indicate how many SRS ports are selected. Since only TRI is signaled, the assumption on association between selected SRS ports and indicated TRI has to be predefined. Otherwise, if TRI is smaller than the maximum layer number, it is difficult for UE to figure out which precoder to use for PUSCH transmission. A simple predefined rule could be: the first SRS port is selected if TRI = 1, the first two SRS ports are selected if TRI = 2, and so on. The predefined rule would limit the flexibility of gNB selecting optimum precoders. 
Alt. 3 was first proposed in [4]. In the proposed scheme, a UE may be configured with multiple SRS resources. Each SRS resource can have multiple ports, and can span multiple sub-bands. When transmitting the SRS on an SRS resource, the UE can select a sub-band specific precoder for each sub-band in a gNB-transparent manner. Based on the one or more SRS resources used by a UE, the gNB selects one SRS resource to schedule, and indicates the corresponding SRI. In addition, the gNB also indicates a TRI to signal the rank. This alternative is similar to the Opt.2 of Alt.2, with less flexibility of gNB selecting optimum precoders compared to Alt. 1.
Considering the SRS resources overhead, signaling indication overhead and flexibility, we propose that:
Proposal 2: For subband indication of non-codebook based UL MIMO, Alt. 1(i.e., at least SRI(s) only without TPMI indication in the UL grant) is adopted. Multiple SRS resources are configured, with one SRS port per SRS resource.
3. Conclusions

In this contribution we discussed non-codebook based UL transmission. We have following observation and proposals:
Observation: Non-coherent transmission can be supported by non-codebook based transmission.
Proposal 1: For wideband indication of non-codebook based UL MIMO, multiple SRS resources are configured, with one SRS port per SRS resource. 
Proposal 2: For subband indication of non-codebook based UL MIMO, Alt. 1(i.e., at least SRI(s) only without TPMI indication in the UL grant) is adopted. Multiple SRS resources are configured, with one SRS port per SRS resource.
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