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Introduction
In RAN1 NR-AH, the following agreement on UL MIMO was made [1]:
	Agreements:
· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).
· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 
· Study the following DL signaling, e.g.,
· One level DCI
· Two level DCI
· MAC CE
· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)
· …
· Support rank determination by gNB
· Support PRB bundling for CP-OFDM
· Study configurability of PRG size for CP-OFDM
· Study the PRG size
· FFS: Single port transmission is supported for the UE capable for multiple antenna port transmission.



[bookmark: _Ref446598547]This contribution addresses two issues related to the highlighted part of the agreement: 
1. DL control signaling for scheme A
2. Support for frequency selective precoding
3. UL fall-back transmission scheme

DL control signaling for scheme A
1 
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 (hence enables rank determination by gNB). For LTE, 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. For this reason, supporting frequency selective precoding for UL NR-MIMO is beneficial.
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 TPMIs on a DCI is not needed. Instead, one TPMI field which indicates a selection of precoder group can be used – if the precoder group information is to be signaled dynamically. 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.

Proposal: When a UE is configured with codebook-based UL transmission, the UL-related DCI includes at least:
· Transmit Rank Indicator (TRI)
· Transmit PMI (TPMI) which facilitates both frequency non-selective and frequency-selective precoding
· Single TPMI can be used for frequency non-selective precoding as well as precoder cycling (where TPMI indicates a precoder group)

Frequency-selective precoding
2 
3 
To support frequency selective precoding, the required DL control signaling overhead increases since the number of TPMIs increases with larger resource allocations. Note that the latency from MAC CE based solution is too high for this purpose. Hence, only DCI-based solution is considered. Therefore, the following two alternatives are available:
· Alt1. Include multiple (N>1) TPMIs in UL-related DCI: 
· For this purpose, the number of TPMIs per DCI should be sufficiently small to avoid excessive DL signaling overhead. At the same time, the number of TPMIs should be fixed to avoid increasing the number of DCI blind decodes at the UE. To ensure that TPMI is efficiently used, rather than using a fixed “subband” size (for a given UL system bandwidth), the “subband” size for each of the N TPMIs should be determined based on the resource allocation (RA). For instance, for a contiguous RA of MRA PRBs, the “subband” size is approximately  PRB(s).  
· This approach offers a simple support for frequency-selective precoding. The potential drawback, however, is the potential performance loss when the size of RA is large. The trade-off between performance and DCI overhead in choosing N needs to be carefully studied. 
· 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. This can be done either via dual-level DCI or a separate DL channel allocation for signaling frequency-selective PMIs. In either case, the first decoded DCI contains a pointer to the second signaling which contains multiple PMIs.
· While this approach allows a variable (and larger) number of TPMIs without overloading the (primary/level-1) DCI, it tends to result in unnecessary decoding latency and complexity. That is, the UE must decode the level-2 signaling (located elsewhere within the slot) to be able to start the granted UL transmission. Regardless whether this level-2 signaling is placed (either different part of DL system bandwidth and/or different OFDM symbol), it increases UE power consumption and latency in decoding DL control signaling.
Based on the above discussion, Alt1 seems to be a preferred solution for supporting frequency-selective precoding. But further study is needed to choose the number of TPMIs supported in the associated UL-related DCI. 

Proposal: For frequency-selective precoding: a fixed number (N) of TPMIs are introduced in the UL-related DCI supporting SU-MIMO transmission:
· The “subband” size for each of the TPMIs is determined based on UL resource allocation  

UL fall-back transmission scheme
4 
5 
Although both CP-OFDM and DFT-S-OFDM are supported for UL NR, DFT-S-OFDM is used only for single-stream transmission while CP-OFDM can be used for either single- or multi-stream transmission. For UL SU-MIMO where link adaptation applies, to avoid any complication in dynamic switching between two waveforms, it is proposed that CP-OFDM be used for UL SU-MIMO regardless of the transmission rank. 
For coverage-limited scenarios which can occur abruptly yet remain for a prolonged period of time (such as bursty interference or blockage for >6GHz scenarios), a fall back transmission scheme with single-stream SC-FDMA waveform (DFT-SOFDM with contiguous RB allocation) can be supported. To allow sufficient flexibility, this fall-back scheme is enabled via a “compact” UL-related DCI analogous to format 1A DCI for LTE DL transmission. 

Proposal: 
· CP-OFDM waveform is used with rank-adapted transmission irrespective of the rank 
· Single-stream SC-FDMA-based transmission can be supported as a fallback transmission scheme, enabled via a compact UL-related DCI.

6 Conclusions
In this contribution, Samsung’s view on UL MIMO for NR is presented. Our proposals are summarized as follows:
· When a UE is configured with codebook-based UL transmission, the UL-related DCI includes at least:
· Transmit Rank Indicator (TRI)
· Transmit PMI (TPMI) which facilitates both frequency non-selective and frequency-selective precoding
· Single TPMI can be used for frequency non-selective precoding as well as precoder cycling (where TPMI indicates a precoder group)
· For frequency-selective precoding: a fixed number (N) of TPMIs are introduced in the UL-related DCI supporting SU-MIMO transmission:
· The “subband” size for each of the TPMIs is determined based on UL resource allocation  
· CP-OFDM waveform is used with rank-adapted transmission irrespective of the rank 
· Single-stream SC-FDMA-based transmission can be supported as a fallback transmission scheme, enabled via a compact UL-related DCI.
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