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1. Introduction

In RAN1#88bis meeting, agreements and conclusion regarding UL MIMO transmission are captured in Chairman’s note as follows:
Agreements:

· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details

Agreements:

· 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

Conclusion:

· Further discussion next meeting regarding UL codebook design, particularly w.r.t. the single vs. multi-panel assumption
In this contribution, we further discuss the UL codebook based transmission. 
2. Discussion on UL codebook based transmission in NR
2.1. Codebook design
For UL codebook design, one of the following two structures are agreed to be supported in NR.
· Alt 0: single-stage codebook 

· Alt 1: dual-stage codebook 

In LTE, single-stage UL codebooks for 2- and 4-port were used to support SC-OFDM which requires design constraints such as maintaining low peak-to-average power ratio (PAPR) and preserving cubic metric (CM) (i.e., CM should not increase with multi-layer transmission). Thus, in case of rank >1, LTE UL codebook includes zero entries in each codewords. 
However, in NR, CP-OFDM is agreed to be used for UL transmission, and thus CM preserving constraint may not be a key design goal for UL codebook. In addition, it was agreed to support UL frequency selective precoding for CP-OFDM. Thus, it may be natural to consider UL dual-stage codebook (likewise DL, i.e., W1W2) as one design criterion to resolve the control channel overhead issue for frequency-selective UL-MIMO scheduling.

Proposal 1: Consider dual-stage codebook structure (W= W1W2) for UL frequency selective precoding at least for CP-OFDM.
In the dual-stage codebook, a final UL precoder W per subband can be decomposed into a wideband PMI component W1 and the corresponding subband PMI component W2. In this structure, wideband PMI component W1 can include beam/beam group and the subband PMI component W2 can include beam selector and/or co-phase component (e.g. for x-pol antenna). In DL dual stage codebook, W1 is comprised of DFT beam(s) which performs well especially for SU-MIMO, since gNB is equipped with uniform linear (or planar) array antenna elements/panels. Unlike to TRP, UE may be equipped with arbitrary separated antenna elements/panels, and thus low antenna correlation may be expected. For this reason, NR UL codebook should be designed to take into account UE antenna placement and structure. This implies that UL codebook should be performs well for arbitral UE antenna placement and structure. In this context, 4Tx DL household codebook can be considered. However, when it comes to frequency selective precoding, TPMI signaling overhead can be increased according to the configured the number of SBs. Thus, to efficiently reduce the total number of signaling overhead, we may consider household codebook with dual-stage structure. In this design, W1 can be comprised of L-beam (e.g. L=2, 4, L is configurable) groups where each beam can be selected by gNB from a household codebook. Then, W2 can perform beam-selection which requires only 
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-bits per SB.  

Observation 1: NR UL codebook should be designed to perform well for arbitral UE antenna placement and structure.
Proposal 2: Consider DL household codebook with beam grouping for UL codebook.
If UE is equipped with multi-panel, panel selection and/or combining can be considered for robust transmission in the case of fast UE rotation, blockage and etc. This kind of panel selection and/or combining functionality may be supported by W1 or W2. Then, following three factors for UL codebook design should be considered. 

· Number of supported panels in UL codebook

· Number of supported ports per panel

· Whether UE can have different number of ports per panel or not.
Although we can simplify above three factors, the codebook structure may be still complicated. Thus, SRI can be used for a panel selection or antenna port group selection, since antenna ports in different panel at UE side may have different values of average RSRP. That implies antenna ports in different panel can be supported by different resource independently. In summary, UL codebook is designed by assuming a single panel, and SRI can be used for panel selection functionality.
 Also, it was agreed to support indication on selection of multiple SRS resources in the RAN1#88bis meeting. In the case of multiple SRS resources which can be indicated by SRI field, panel combining functionality can be considered. Panel combining plays an important role to boost-up the beamforming gain by applying proper inter-panel corrector for phase and/or amplitude. Thus, if multiple SRS resources are indicated for panel combining functionality, additional TPMI for panel corrector needs to be introduced. 

Proposal3: UL codebook is designed by assuming a single panel, and SRI can be used for a panel selection functionality
Proposal4: If multiple SRS resources are indicated for panel combining functionality, additional TPMI for inter-panel phase/amplitude corrector needs to be introduced.

Based on the agreements, SRI in UL grant can indicate multi-selection of SRS resources, which can support multi-panel joint transmission in UL. Furthermore, each panel transmission associated with each indicated SRS resource may target different UL reception point in the context of UL-CoMP. To properly support this, NR network should be able to at least calculate accurate MCS per different layer group corresponding to different SRS resource, with also separated power control process per SRS resource, elaborated more in our companion contribution [1]. Generally, multiple ULPC processes for a UE need to be supported, and each ULPC process can be associated with at least one SRS resource configured to the UE. For example, configured SRS resources ID#1 and #2 may be associated to the same ULPC process A, while another configured SRS resource ID#3 may be associated to other ULPC process B. ULPC processes A and B may target different reception points, and the SRS resources #1 and #2 which follow the same ULPC process A can be dynamically selected by the agreed SRI indication in UL grant. When SRS resource #1 (with corresponding TPMI/TRI) and #3 (with corresponding TPMI/TRI) are jointly indicated by the SRI field in UL grant, for example, it can be interpreted as layer-group-separated UL multi-panel transmission and also UL-CoMP joint reception operations at the gNB side. 

2.2. DL signalling for UL codebook
To apply frequency selective precoding for UL-MIMO in NR, the increased control channel overhead due to indicating subband PMIs may be a critical problem. To address this issue, 2 level DCI has been considered as one of alternatives and depending on the details of the 2 level DCIs there are different advantage and disadvantage. We can come up with 3 different versions of 2 level DCIs and discuss them one by one in terms of latency issue, DCI decoding failure issue, and DCI overhead. 

Option 1: 

· 1st DCI: UL grant like LTE DCI 0/4

· 2nd DCI: SB PMIs for allocated RBs

· DCI transmission timing: 2 DCIs are transmitted at the same subframe.

Option 2: 

· 1st DCI: SB PMIs for all RBs

· 2nd DCI: UL grant like LTE DCI 0/4

· DCI transmission timing: one or more 2nd DCI referring 1st DCI is transmitted on/after 1st DCI transmission subframe.

Regarding channel aging issue, Option 2 may not be desirable because UL grant information can be delivered several subframes later SB PMIs delivery. The motivation of introducing such frequency selective UL precoders is to achieve accurate UL link adaptation exploiting the frequency domain as well, so that the full set of scheduling information is desired to be delivered instantaneously to UE when it is scheduled for UL transmission. For Option 1, there is no latency issue because and 2 DCIs are transmitted at the same subframe.

For all options, full information on UL scheduling is divided into two DCIs so it seems that UE cannot transmit UL data if it fails to decode one of the two DCIs. For Option 2, if UE fails to decode 1st DCI, several 2nd DCIs referring the 1st DCI can be wasted. To address this issue, a proper mechanism to report decoding result of 1st DCI to gNB may be needed.

In terms of DCI overhead, those two options help to reduce overhead. For Option 1, SB PMIs only for scheduled subbands, not for all subbands, are indicated through 2nd DCI so that if small RBs are allocated to UE 2nd DCI payload size is adaptively reduced. For Option 2, SB PMIs for all subbands should be indicated through 1st DCI since 2nd DCI including UL grant can be signaled after 1st DCI transmission. In this design, the overhead saving can be achieved in time-wise manner. In other words, 1st DCI are transmitted only once for multiple UL grant so that DCI overhead can be saved. The other option is one level DCI as follows:

Option 3: 

· single DCI: SB PMIs for allocated RBs, and UL grant like LTE DCI 0/4
Option 4: 

· single DCI: SB PMIs for all RBs, and UL grant like LTE DCI 0/4

In Option 3 and 4, there is no channel aging or decoding failure issues that 2 level DCI has but it may need to contain more payload in a single DCI. Even in Option 3, it is desirable to keep the same payload size regardless of allocated RB size in order not to increase DCI BD overhead. As a result, DCI size for option 3 is decided based on the case when allocated RB is wideband and DCI size for option 3 and 4 would be the same.

In order to minimize DCI overhead, the compression for SB PMI indication is critical. To resolve the control channel overhead issue for frequency-selective UL-MIMO scheduling, a compression method for SB PMI payload should be investigated along with codebook structure. In dual codebook structure a final UL precoder W per subband can be decomposed into a wideband PMI component W1 and the corresponding subband PMI component W2. Then, the UL scheduling DCI contains one wideband W1 and multiple SB W2. To reduce payload size of SB W2, codebook subsampling can be considered. In case of single codebook structure like the Rel-8 LTE codebook, SB PMI payload can be compressed in a similar way as well. More specifically, codebook subset for SB PMI is restricted based on WB PMI in such way that the subset is composed of highly correlated PMIs with WB PMI.
Proposal5: UL DCI design for frequency selective scheduling should be investigated in terms of latency issue, DCI decoding failure issue, and DCI overhead.
Proposal6: To reduce DCI overhead, SB PMI should be indicated from a subset of whole codebook.
3. Conclusion

This contribution discussed codebook based transmission for UL in NR. Following observation and proposals are given, based on the discussion:
Observation1: NR UL codebook should be designed to perform well for arbitral UE antenna placement and structure.
Proposal1: Consider dual-stage codebook structure (W= W1W2) for UL frequency selective precoding at least for CP-OFDM.

Proposal 2: Consider DL household codebook with beam grouping for UL codebook.
Proposal3: UL codebook is designed by assuming a single panel, and SRI can be used for a panel selection functionality
Proposal4: If multiple SRS resources are indicated for panel combining functionality, additional TPMI for inter-panel phase/amplitude corrector needs to be introduced.

Proposal5: UL DCI design for frequency selective scheduling should be investigated in terms of latency issue, DCI decoding failure issue, and DCI overhead.
Proposal6: To reduce DCI overhead, SB PMI should be indicated from a subset of whole codebook.
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