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Introduction
In RAN1#87, the following agreement was made for UL MIMO [1]:
	Agreements:
· …
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied
· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB
· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2
· W1 and W2 can be signaled in one DCI or two separate DCIs
· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth
· Example 2a: Precoder cycling  is adopted within the beam group 
· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.
· Example 3: Reciprocity based precoding
· Other examples are not precluded
· FFS: X value



In LTE, UL CSI is calculated at the eNB primarily via sounding reference signal (SRS) and used for UL link adaptation. Once the eNB determines UL transmission parameters, MIMO-specific transmission parameters are included in DCI format 4 of the associated UL grant. Such parameters include transmit PMI and RI assuming that codebook-based transmission is used. 
For NR, the same mechanism can be used for codebook-based transmission. However, more scenarios also need to be considered for NR such as TDD (where UL-DL reciprocity is feasible), support for >6GHz carrier frequencies, and the possibility to support other MIMO transmission schemes/methods. These two scenarios are considered in this contribution in relation to UL CSI acquisition. In particular, the following issues are addressed in this contribution: 
1. The support for frequency-selective UL precoding  
2. TDD or DL-UL reciprocity 

Frequency-selective precoding
1 
2 
To enable UL MIMO, transmit PMI (TPMI) and transmit RI (TRI) need to be signaled in the UL-related DCI. Analogous to LTE, TPMI indicates the choice of precoder taken from a predefined codebook for a given number of layers, and TRI the number of transmission layers. This TPMI indicates the single precoding matrix used by the UE for the scheduled UL transmission. Therefore, one precoder or beamformer is applied to all scheduled PRBs for that UE (“wideband” or frequency non-selective precoding). This feature is supported in Rel.10 LTE where DCI format 4 is used for this purpose. Therefore, this scheme can be readily borrowed for NR.
Frequency non-selective precoding tends to perform well when a UE is allocated a small number of contiguous RBs. For other cases, however, frequency non-selective precoding is suboptimal. For instance, when the UL system bandwidth is large or a UE is allocated several clusters of RBs, using a single precoding vector/matrix will result in significant performance loss. This is especially relevant since CP-OFDM has been chosen as the waveform for UL data transmission which is applicable for both single-stream and multi-stream transmissions [2]. 
For this reason, supporting frequency selective precoding for UL NR-MIMO is beneficial. The main difficulty, however, is associated with DL signaling. If this signaling is performed as a part of DCI, the required overhead increases since the number of TPMIs increases with larger resource allocations. A solution can be chosen from the following two alternatives:
· Alt1. Include multiple TPMIs in UL-related DCI: 
· For this purpose, the number of PMIs per DCI should be small and/or fixed to avoid excessive DL signaling overhead. As mentioned above, this can be done by associating the number of PMIs with the resource allocation.  
· Alt2. Signal multiple PMIs separately from UL-related DCI:
· A pointer field for indicating such signaling is included in the UL-related DCI. For this purpose, the DL channel for signaling multiple PMIs is to be specified.
For either of the two alternatives, if a dual-stage codebook (e.g. W1*W2) is adopted for larger number of ports, W1 (one PMI per grant) is included in the UL-related DCI whereas W2 (multiple subband PMIs per grant) is signaled separately (cf. Example 1 in the agreement). Alternatively, if frequency selective precoding is configured, TPMI in the UL-related DCI can be changed into an indicator for a resource allocation that carries multiple TPMIs for frequency selective precoding.
For UL transmission using precoder cycling in frequency domain, although a group of (hence multiple) precoding vectors/matrices are used for precoder cycling, signaling multiple PMIs on a DCI is not needed. Instead, one PMI field which indicates a selection of precoder group can be used – if the precoder group information is to be signaled dynamically (cf. Example 2 in the agreement). If a dual-stage codebook (e.g. W1*W2) is adopted for larger number of ports, W1 (one PMI per grant) signifies a precoder group. In this case, the support for frequency-selective precoding is not needed. 

UL precoding for TDD (DL-UL reciprocity)
3 
4 
When DL-UL reciprocity is feasible such as for TDD scenarios, a UE can obtain an estimate of UL channel from measuring DL CSI-RS. In this case, the UE can calculate its own precoder for a given resource allocation. This seems to obviate the need for signaling a precoder information DCI field via a DL control channel and require no additional DL control overhead. 
It should be noted, however, that although the UE is capable of obtaining an estimate of UL channel to derive its precoder, this precoder calculation can be inaccurate due to the absence of UL interference information (primarily intra-cell interference, which can only be obtained at the gNB). This is especially relevant when UL multi-user MIMO (MU-MIMO). In this case, the gNB-centric precoder calculation together with DL signaling can be used. 
Therefore, a UE-centric gNB-aided UL precoder selection can be performed as follows. First, the gNB signals (via the UL-related DCI or a DL channel) some form of UL CSI to the UE which captures UL interference information or limits the UL precoder search within a subset of precoders which minimizes UL interference. This is calculated by the gNB from UL CSI-RS (SRS). Then, upon receiving such information from the gNB, the UE can utilize this information along with DL CSI-RS to select the UL precoder.   

Proposal:
· For UL NR MIMO, the following types of transmit PMI (TPMI) are supported: 
· For frequency non-selective precoding: same as Rel.10 LTE (single TPMI)
· For frequency-selective precoding: multiple PMIs are signaled depending on resource allocation, selecting one of the following two alternatives: 
· [Alt1] Multiple (a small/fixed number of) subband TPMIs included in UL-related DCI 
· [Alt2] Multiple subband TPMIs signaled separately from UL-related DCI with either a resource indicator or a first-stage TPMI (for dual-stage codebook) included in the UL-related DCI
· Precoder cycling in frequency domain: one TPMI (per grant) indicates precoder group 
· For TDD, potential use of DL CSI-RS for UL CSI acquisition (in conjunction with UL CSI-RS/SRS) should be further studied
· E.g. gNB-aided precoder selection at the UE 

[bookmark: _Ref446598642]Conclusions
In this contribution, Samsung’s view on UL CSI acquisition framework for NR is presented. Our proposal can be summarized as follows: 
· For UL NR MIMO, the following types of transmit PMI (TPMI) are supported: 
· For frequency non-selective precoding: same as Rel.10 LTE (single TPMI)
· For frequency-selective precoding: multiple PMIs are signaled depending on resource allocation, selecting one of the following two alternatives: 
· [Alt1] Multiple (a small/fixed number of) subband TPMIs included in UL-related DCI 
· [Alt2] Multiple subband TPMIs signaled separately from UL-related DCI with either a resource indicator or a first-stage TPMI (for dual-stage codebook) included in the UL-related DCI
· Precoder cycling in frequency domain: one TPMI (per grant) indicates precoder group 
· For TDD, potential use of DL CSI-RS for UL CSI acquisition (in conjunction with UL CSI-RS/SRS) should be further studied
· E.g. gNB-aided precoder selection at the UE 
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