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Introduction
In RAN1#88, the following agreements were made:
Agreements:
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder
· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.
· Transmit Rank indicator (TRI)
· Possible values are up to the number of SRS ports configured in the indicated SRI
· Wideband transmit PMI (TPMI), with details FFS including dual-stage codebook (if supported)
· FFS: Possible PMs depend on the number of SRS ports configured in the indicated SRI
· FFS: whether to allow the existence of this field for non-codebook-based UL-MIMO transmission
· FFS: Subband TPMI 
· UL MCS indication
· UL HARQ related information
· UL Resource allocation
· FFS on multiple SRI indication and corresponding indications of TRI(s) and TPMI(s)
· FFS: Joint encoding or separate encoding

Agreements:
· Scheme A: Codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than X (FFS: Value of X).”, FFS the value X and the interpretation of transmission port(s)
· Scheme B: Non-codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than Y (FFS: Value of Y).”, FFS the value Y and the interpretation of transmission port(s)



In this contribution, we discuss definitions of Codebook based UL transmission and Non-codebook based UL transmission. We further elaborate on Codebook based UL transmission and design of these codebooks. In our companion contribution [1] we further elaborate on Non-codebook based UL transmission.
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Non-codebook and codebook based UL transmissions
Codebook based UL transmission and Non-codebook based UL transmission has been mentioned in previous agreements, but the definition of them has not yet been clarified. This paper aims to define the two transmission schemes and elaborate a bit more in detail about the Codebook based UL transmission scheme. The Non-codebook based UL transmission scheme will be further discussed in [1]. 
As mentioned in previous agreements UEs can transmit one or several SRS resources where each SRS resource can contain one or several SRS ports. The TRP can then signal an SRS resource indicator (SRI) to indicate an SRS resource to the UE, and in case of multiple SRS ports within each SRS resource the TRP can use a codebook to evaluate a preferred precoder to be applied over these SRS ports, and signal the corresponding transmission precoding matrix indicator (TPMI) to the UE. 
Non-codebook based UL transmission is defined as the case where each SRS resource only contains a single SRS port. For this case the TRP will only report SRIs to the UE (i.e. no TPMI is needed).
Codebook based UL transmission is defined as when an SRS resource contains multiple SRS ports. In case of several SRS resource an SRI is used to select SRS resource. TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource. 
Non-codebook based UL transmission can use SRI(s) to feedback which single-port SRS resource(s) the UE should use.
For codebook based UL transmission, each SRS resource contains more than one SRS port.
Codebook based UL transmission can use SRI, in case of multiple SRS resources, to select a single SRS resource.
Codebook based UL transmission uses TPMI from a codebook to feedback precoders to apply over SRS ports for the SRS resource.

Codebook based UL transmission
In the remaining part of this contribution we will elaborate a bit further about Codebook based UL transmission.
The antenna array topology at UEs is expected to be quite arbitrary with respect of antenna element radiation patterns, polarization properties, antenna element separations and pointing directions despite that the agreed 3GPP-models are more restrictive. For UE implementations, especially at higher frequencies, it is expected that the different antenna arrangements within a UE (where each antenna arrangement, e.g. a single antenna element or a panel, is assumed to be connected to one baseband port) will experience channels with low or no correlation, for example due to radiation patterns pointing in different directions, large separation between the antenna arrangements or orthogonal polarizations. 
Hence, it is desired to create a codebook with precoders primarily optimized for uncorrelated channels. The DL DFT-based codebooks which are based on a uniform linear array of antenna elements or subarrays, with equally spaced antenna elements, are likely not to be sufficient for UEs. 
To support full UE antenna implementation freedom, NR codebook should be designed under assumption of low channel correlation.
Uplink codebook should be primarily optimized for uncorrelated channels. 
Due to the assumption that different antennas at a UE are expected to have low correlation, in spatial domain, to each other we believe, for this case, that only a dual stage codebook would not suffice, W=W1W2 (as defined for DL in LTE) since this structure is specifically tailored to separate wideband (and potentially slowly varying) and subband behaviour. Furthermore, a 2 SRS port codebook will only be single stage.  
However, in some scenarios and with larger numbers of SRS ports, if channels show sufficient correlation, this could be exploited for reducing feedback as is done by the dual stage codebook. We propose it should be studied further if UL codebooks also should include a dual stage structure.
A single stage codebook structure is likely to be needed to handle low channel correlation. 
A dual stage codebook structure (i.e. using W=W1W2 as in DL) could be useful to reduce overhead if channel correlation so allows, and should be further studied.

We propose that the codebook used for Codebook based UL transmissions only contains port combining precoders (i.e. no port selection precoders as this can be handled via SRI) in order to minimize the size of the codebook and hence reduce the overhead signalling. Furthermore, such codebooks should use constant modulus coefficients in order to reduce impact on UE cubic metric, limit TPMI overhead, and simplify codebook search complexity
As NR probably will support only a limited number of ports in a codebook, whereas the number of SRS resources will be more flexible, there is an advantage by using SRI instead of codebook for port selection.
Codebook for Codebook based UL transmission should only contain port combining precoders, all precoders being constant modulus.
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Conclusions
1. To support full UE antenna implementation freedom, NR codebook should be designed under assumption of low channel correlation .
A single stage codebook structure is likely to be needed to handle low channel correlation .

1. Non-codebook based UL transmission can use SRI(s) to feedback which single-port SRS resource(s) the UE should use.
For codebook based UL transmission, each SRS resource contains more than one SRS port.
Codebook based UL transmission can use SRI, in case of multiple SRS resources, to select a single SRS resource.
Codebook based UL transmission uses TPMI from a codebook to feedback precoders to apply over SRS ports for the SRS resource.
Uplink codebook should be primarily optimized for uncorrelated channels. 
A dual stage codebook structure (i.e. using W=W1W2 as in DL) could be useful to reduce overhead if channel correlation so allows, and should be further studied.
Codebook for Codebook based UL transmission should only contain port combining precoders, all precoders being constant modulus.
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