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Introduction
In RAN1#87, following agreements were made on PRB bundling and frequency selective precoding: 
Agreements:
· Study further the PRB bundling size for precoding for UL data
· DFT-S-OFDM based transmissions
· Consider the case of contiguous scheduled PRBs and non-contiguous scheduled PRBs (if supported)
· Consider the impact due to UL DM-RS design
· CP-OFDM based transmissions
· Considering aspects related to non-reciprocity based CP-OFDM transmission (if supported) and reciprocity based CP-OFDM transmission (if supported)
Agreements:
· For the purpose of discussions, replace the classifications ’closed-loop’/‘open-loop’ with method-based classification of ‘precoding’ and ‘precoder cycling’
· Signalling and UL-CSI measurement support are to be addressed separately
· Both precoding and precoder cycling can be considered for UL DMRS-based spatial multiplexing (SM)
· Note: For only CP-OFDM waveform, SFBC is covered by this clarification
· 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 this contribution we discuss PRB bundling and how the precoder is indicated in the case of frequency selective precoding.  

Discussion
2.1   PRB bundling
PRB bundling and its size should consider the waveform in UL; there was an agreement in RAN1#86bis as below:
“CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) transmissions, while DFT-S-OFDM based waveform is limited to a single stream transmissions (targeting for link budget limited cases)”
Since DFT-S-OFDM waveform is limited to a single stream transmission and targeted for link budget limited cases the motivation of non-contiguous scheduled PRBs is not strong. In this case reliability of the link is important than efficiency. The PRB bundling size in this case can be the size of contiguous scheduled PRBs.
For the CP-OFDM waveform, since it was introduced to improve spectral efficiency in UL, the size of PRB bundling can be relatively smaller. The size of PRB bundling can be tied to supported UL bandwidth (which could be smaller than system bandwidth) or equal to the cluster size where the scheduled PRBs are contiguous. Frequency selective precoding is beneficial to improve spectral efficiency. 
Proposal1: for DFT-S-OFDM waveform the PRB bundling size is equal to contiguous scheduled PRBs, for CP-OFDM waveform the PRB bundling size can be tied to system bandwidth or other specified value. 
2.2   Frequency selective precoding 
As discussed in section 2.1 above, the PRB bundling size for DFT-S-OFDM waveform is the size of contiguous scheduled PRBs then the precoding is non-frequency selective.
It was agreed in RAN1#87 that for CP-OFDM waveform frequency selective precoding in UL is supported when the number of transmission antennas is greater than X. In the case of non-codebook based precoding scheme the UE determines precoder where as for codebook based precoding scheme the gNB indicates the precoder to be used to UE. Below we discuss how the procoder can be signaled to the UE.
Assume the codebook for UL transmission has dual stage structure W=W1W2, similar to DL codebook, where W1 corresponds to relatively wide band and W2 corresponds to narrow band. For example, in NR, sub-band size is defined or tied to system bandwidth. When an UE is scheduled to transmit data in UL with larger bandwidth which covers multiple sub-bands W1 can be common for all scheduled sub-bands and W2 can be sub-band specific. There could different ways of indicating W1 and W2 to an UE depending on whether single stage DCI or multi stage DCI is agreed. W1 and W2 can have different periodicity, e.g., W1 has longer periodicity which may not change in few consecutive UL scheduling instances and W2 changes in each scheduling instance. Even when scheduled bandwidth is single sub-band, the periodicity of W1 and W2 can be different. In case dual stage DCI is agreed, W1 can be indicated in the first stage DCI and W2 can be indicated in the second stage.
Proposal2: precoder indication for UL MIMO transmission can be divided into two parts (e.g. W1 and W2) and one part is common for all sub-bands where as another part is sub-band specific.

Conclusions
In this contribution we discussed PRB bundling and precoder indication in case of frequency selective precoding. We have following proposals:
Proposal1: for DFT-S-OFDM waveform the PRB bundling size is equal to contiguous scheduled PRBs, for CP-OFDM waveform the PRB bundling size can be tied to system bandwidth or other specified value.
 Proposal2: precoder indication for UL MIMO transmission can be divided into two parts (e.g. W1 and W2) and one part is common for all sub-bands where as another part is sub-band specific.
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