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1. Introduction

In RAN1#88bis, agreements regarding UL MIMO transmission are captured as

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

Also, in RAN1#90, agreements regarding UL MIMO transmission are captured in Chairman’s note as 
Agreements:
· For DFT-S-OFDM, use rank 1 precoders from table below for 2 Tx with wideband TPMI only

· Note: in the following table “codebook index” should be called “TPMI index”
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Agreements:

· For CP-OFDM

· At least TPMI indices 0-3 for rank 1 and TPMI indices 0 and 1 for rank 2 are used

· One of the two following Antenna port selection mechanisms is supported; 

· Decide among the two alternatives in RAN1# 90bis

· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM

· Alt 2: SRI indicates selected antenna ports

Agreements:

· For 2 Tx, use single stage DCI with a semi-statically configured size to convey TPMI, SRI, TRI in Rel-15

· Total combined DCI size of TPMI, TRI, and SRI does not vary with PUSCH resource allocation for single stage DCI

· Specify UE capability identifying if UL MIMO capable UE can support coherent transmission across its transmit chains

· FFS: if UE capability identifies if coherent transmission is supported on all of, vs. none of, vs. on a subset, of its transmit chains

· FFS: how UL MIMO precoding design takes into account the above capability
In NR #3 meeting, following agreements on 4Tx UL codebook for DFT-s-OFDM was captured as
Agreement:
· For DFT-S-OFDM, support LTE 4Tx rank 1 UL codebook for TPMI 0-15

· Additional codewords for antenna port selection will be also supported

· FFS: Details on the additional codewords for antenna port selection (e.g. number of codewords, scale factors, etc)

In this contribution, we further discuss the UL codebook based transmission. 
2. Discussion on UL codebook based transmission in NR
2.1. Encoding for TPMI, TRI and SRI

  In NR, it was agreed to support SRS resource indicator (SRI) for uplink transmission. Like the CRI in LTE, each SRS resource can have different number of SRS ports, so that the combination of TPMI, TRI and SRI may be very diverging according to the number of configured SRS resource and the number of configured SRS port in each resource. Also, the NR also needs to consider the forward compatibility which means the supported SRS port can be more than 4-port in the next release. Besides, RAN1 has not decided yet the codebook structure (whether it is a single stage or dual stage) for 4 Tx, especially for CP-OFDM. Thus, we think it is premature to have joint encoding of TPMI, TRI and SRI.  Considering above, at least SRI can be separately encoded. 
Proposal 1. At least SRI can be separately encoded with TRI and TPMI in DCI.
2.2. Codebook design for DFT-s-OFDM
In LTE, single-stage UL codebooks for 2- and 4-port were used to support SC-FDMA 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. 
In NR, it was agreed to support both DFT-s-OFDM and CP-OFDM, and in RAN1#90, for DFT-s-OFDM, 2Tx rank 1 precoder was agreed to use LTE 2Tx UL codebook. For 4 Tx codebook, in RAN1 NR#3, it was agreed port combining codewords (i.e., TPMI indices 0-15) from LTE 4Tx UL codebook. And there are FFS on the additional codewords for antenna port selection. Antenna port selection functionality in uplink which is already supported in 2Tx case has an important role to overcome blockage and to reduce unnecessary uplink interference. Regarding a scaling factor, we believe antenna “turn-off” has more benefit in the perspective of UE implementation. Since power boost-up from un-used port(s) requires wider dynamic range of power amplifier, it may require more expensive RF-chains at UE. Also, antenna “turn-off” has a merit of UE battery saving. Thus, NR should support antenna “turn off” scaling factor and thus at least TPMI indices 16-23 from LTE 4Tx UL codebook needs to be supported for NR 4Tx UL codebook in case of DFT-s-OFDM.
In LTE 4Tx UL codebook, only 24 codewords (requiring 5-bit payload) exist due to the TRI and TPMI joint encoding. In NR, only rank1 transmission is supported for DFT-s-OFDM, so that it would be beneficial to include additional 8 codewords to fully utilize the 5-bit payload. To this end, port selection of 1 port and 3port can be considered in order to increase the flexibility of antenna selection.
Proposal 2. For DFT-s-OFDM in NR, support TPMI indices 16-31 from table below in addition to TPMI indices 0-15.
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2.3. Codebook design for CP-OFDM

In RAN1#90, codebook for 2Tx in UL NR with CP-OFDM was agreed and there exists two alternatives as:
· Alt 1: TPMI indices 4 and 5 for rank 1, and 2 for rank 2, from the above table are used for CP-OFDM

· Alt 2: SRI indicates selected antenna ports.
In RAN1#88bis, selection of SRS resource(s) by SRI in UL grant is already agreed to be supported for UL, but Alt 2 further considers SRS port-level selection by the SRI, which seems to make SRI field design more complicated. In our understanding, the difference between two alternatives is whether or not to allow port selection functionality via a codebook. In UL codebook based transmission, the port selection is an important feature in terms of UE battery saving, but it will increase the total size of UL codebook. For the commonality with codebook design of DFT-s-OFDM, we slightly prefer to have Alt 1. 
Proposal 3: For the commonality with codebook design of DFT-s-OFDM, port selection codebook can also be supported for CP-OFDM.
For 4Tx codebook with CP-OFDM, unlike the DFT-s-OFDM, 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 when the number of SRS ports are larger than 2. 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 4: Consider dual-stage codebook structure (W= W1W2) for 4Tx UL frequency selective precoding.
In the dual-stage codebook, a final UL precoder W per subband can be decomposed into a wideband TPMI component W1 and the corresponding subband TPMI component W2. In this structure, wideband TPMI component W1 can include beam/beam group and the subband TPMI 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 even for a single panel (or port-group). This implies that UL codebook should be performs well for arbitral UE antenna placement and structure. In this context, 4Tx DL household codebook is a good candidate. 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 group can be comprised by one of the following option:

· Option 1: gNB can indicate beam indices per group
· Option 2: each beam group is pre-defined
Option 1 can provide very flexible beam grouping at the expense of increased signaling overhead, while option 2 can save signaling overhead with reduced flexibility. Examples of pre-defined beam grouping can include correlation or distance based beam grouping. Then, based on W1, W2 can perform beam-selection which requires only 
[image: image19.wmf]2
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Proposal 5: For 4Tx UL codebook with CP-OFDM, use 4Tx DL household codebook with beam grouping.
It was agreed to support indication on selection of multiple SRS resources. In the case of multiple SRS resources which can be indicated by the SRI field, panel or port-group 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. Due to the time limit for NR phase 1, in our view, codebook design for multiple SRS resources case can be de-prioritized in NR phase 1. 
Proposal 6: If multiple SRS resources are indicated for panel combining functionality, additional TPMI for inter-panel phase/amplitude corrector needs to be introduced.
3. Conclusion

This contribution further discussed codebook based transmission for UL in NR. Following proposals are given, based on the discussion:
Proposal 1. At least SRI can be separately encoded with TRI and TPMI in DCI.
Proposal 2. For DFT-s-OFDM in NR, support TPMI indices 16-31 from table below in addition to TPMI indices 0-15.
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Proposal 3: For the commonality with codebook design of DFT-s-OFDM, port selection codebook can also be supported for CP-OFDM.
Proposal 4: Consider dual-stage codebook structure (W= W1W2) for 4Tx UL frequency selective precoding.
Proposal 5: For 4Tx UL codebook with CP-OFDM, use 4Tx DL household codebook with beam grouping.
Proposal 6: If multiple SRS resources are indicated for panel combining functionality, additional TPMI for inter-panel phase/amplitude corrector needs to be introduced.
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