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Introduction
In RAN1 #89 Meeting [1], WG1 agreed on the following high level UL codebook design principles as a short list for the final down-selection, 
· One of the following UL codebook design principles is down-selected until next meeting.
· Alt1:
· NR supports UL codebook at least for a single panel. 
· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.
· FFS on multi-panel UL codebook
· Whether or not support additional components (e.g., panel co-phase)  
· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs
· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.
· Alt 2: 
· Focus on designing a common framework UL codebook for single-panel and multi-panel
· Alt 3: 
· Design different UL codebooks for single-panel and multi-panel, respectively.
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline.

Hence, the discussion related to the TPMI indication was postponed to a future meeting. 
In RAN1 #88b Meeting [2], WG1 discussed and agreed on the following potential options for TPMI indication for codebook-based uplink transmission, 
· For codebook based transmission for CP-OFDM based UL, when a UE is configured with UL frequency selective precoding and if subband TPMI signaling is supported, support one of the following alternatives: 
· Alt 1:Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission 
· Alt 2:Subband TPMIs are signaled via DCI to the UE for all PRBs in UL, regardless of the actual RA for a given PUSCH transmission
· Other alternatives are not precluded
· Note: Subband TPMI may correspond to W2 if dual-stage codebook is supported
· FFS whether or not wideband TPMI is always signaled along with subband TPMI

In RAN1 AH2 [3], the subject of TPMI indication was briefly discussed. It was recommended that the final down-selection of the detection mechanism should be done upon completion of the definition of the related codebook.
In this contribution, we provide our views on the design of TPMI indication mechanism for frequency selective UL codebook-based transmission. As will be discussed, the main criteria for selection of such process are based on potential performance gain and feedback overhead.
TPMI Indication 
In LTE, TPMI has been effectively employed as an indicator of a wideband precoder. For DL transmissions, eNB may utilize TPMI to override the frequency selective precoders recommended by the UE, and to signal the use of a wideband precoder through the indicated precoder index. For UL transmission, since frequency selective precoding cannot be applied on a DFT-s-OFDM waveform, the TPMI signifies a wideband precoder to be used by the UE for UL transmissions.
Since NR supports CP-OFDM waveform for UL transmission, frequency selective UL precoding can be considered for UL MIMO. However, to support codebook-based frequency selective UL precoding, an efficient TPMI mechanism is required to convey the desired precoding information to a UE. Hence, for an uplink transmission with codebook-based frequency selective precoding, TPMI to be used by the UE is provided by the gNB. The TPMI indications may be implemented dynamically through L1 or L2 control channel, or a combination thereof. 
The most straight forward solution for TPMI indication would be a basic process to convey the PMI per the configured PRG size for the scheduled transmission. However in the last RAN1 meeting, some companies expressed their interest to extend the scope of the TPMI information to also include precoding information of the subbands residing outside the scheduled transmission. It was argued that such provision would potentially result in more flexibility in the operation of system, should the size and location of the scheduled transmission change. Since such mechanism increases the DL control overhead, potential benefits of such scheme need to be studied and verified.
Proposal 1 – RAN1 studies and verifies the benefits of PMI indication for all PRBs.

Wide-band TPMI Indication
If RAN1 decides to accommodate the transmission of precoding information for all PRBs, the design should be efficient and flexible to minimize its impact on the DL control capacity. 
For example, assuming single stage precoding, the indicated TPMIs may include narrow-band and wide-band components. The wide-band component may be based on a bandwidth equal or larger than the scheduled transmission. The information about the wide-band precoder may be indicated by the same DCI that carries the subband PMIs, or by MAC CE.  Therefore, a UE decodes the received narrow-band and wide-band indications at their corresponding rates. In case of a change in resource re-scheduling, a UE may use the available wide-band precoder for the newly allocated resources until the availability of the next  update. Figure 1 shows the basic mechanism where the uplink resource allocation in subframe is different 


[bookmark: _Ref480367217]Figure 1 TPMI indication with narrow- and wide-band components
[bookmark: _GoBack]from the ones used in subframe , where  represent the M narrow-band precoders, and  denotes the wide-band precoder for the entire system bandwidth. For transmission in subframe , a UE may employ  for precoding of resources at the newly allocated subbands. 
Since  represents the optimum precoding for the entire band of interest, it may not lead to a notable performance improvement as it lacks sufficient accuracy. Therefore, it would be preferable to split the band into a few parts. For example, the band can be divided into two mid-bands composed of the upper and lower parts. Therefore, instead of indication of a single , two mid-band precoders  are accompanied are indicated to enhance the accuracy of the precoder. The information about the mid-band precoder can be indicated by the same DCI that carries the subband PMIs, or by MAC CE, however a MAC CE transmission may be preferable as it would have any impact on the DCI load. 
A UE may decode the received narrow- and mid-band indications at their corresponding rates. In case of a change in resource re-scheduling, a UE may use the available mid-band precoder for the newly allocated resources until the availability of the next  update. Figure 2 shows an exemplary case of such system where the system bandwidth is segmented into 4 parts. As demonstrated in Figure 2, since the uplink resource allocation in subframe is different from the ones used in subframe , a UE may employ the most relevant mid-band precoder,  for precoding of resources at the newly allocated subbands in subframe .
To avoid unnecessary overhead, the transmission of the wide-band and mid-band PMIs can be limited to when it is actually needed by a simple activation/de-activation DCI bit.
Proposal 2 – Instead of direct indication of precoding information for all PRB, RAN1 considers indication and use of supplementary wide-band and mid-band precoding information.


[bookmark: _Ref480374758]Figure 2 TPMI indication with narrow- and wide-band components
Summary
In this contribution, we provide our views on the requirements and benefits of flexible RB bundling size in support of frequency selective precoding for MIMO transmission.
Proposal 1 – RAN1 studies and verifies the benefits of PMI indication for all PRBs.
Proposal 2 – Instead of direct indication of precoding information for all PRB, RAN1 considers indication and use of supplementary wide-band and mid-band precoding information.
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