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Introduction
In RAN1#88bis meeting, following agreements were made: 
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

In this contribution we discuss the design principles for codebook and some signaling details. 

Discussion
Codebook design principle
In [2], we discussed basic principle of codebook design for UL codebook based transmission. Naturally, the starting point of UL codebook design is LTE UL codebook. Codebook design in UL should support wide range of scenarios including below 6GHz and above 6 GHz operating frequencies, varieties of antenna structures. In this sense, at least single stage codebook as in LTE should be support at least for below 6GHz operation. Antenna selection matrices should be included in the codebook. 
Since modular antenna structure may be commonly used at UE especially in high frequencies, dual-stage codebook can be supported in UL. Starting point for dual-stage codebook design in NR UL can be LTE DL codebooks. Dual-stage codebook design should also consider different alternatives agreed in previous meeting. 
Proposal: NR UL codebook should flexibly support different scenarios of application and different transmit antenna structures at UE. Dual-stage codebook is supported; single-stage or dual-stage codebook can be configured to UE according to its capabilities.
According to the agreements in previous meeting, the codebook designs with different alternatives are discussed below.
For example, with alternative 1 in the agreements above, an UE capable of 4 Tx is configured both 2 Tx and 4 Tx codebooks for rank 1 and 2. gNB dynamically indicates UE to use 2 Tx codebook or 4 Tx codebook, one benefit of this approach is saving of signaling bits in DCI since the codebook size becomes large with increasing number of Tx antennas 
Another example, with alternative 2 in the agreements above, 4 Tx codebook can be designed to include 2 Tx codebooks, with this approach a single codebook can be designed for 4 Tx codebook and gNB can dynamically indicate 2 Tx codebook through TPMI.
With alternative 3 in the agreements above, the codebook design can be same as in alternative 2 where antenna selection and panel selection (if multi panel is supported) entries should be incorporated.
Proposal: Dynamic indication of codebook with alternative 1 or alternative 2 above is supported
TPMI signaling 
According to agreements in RAN1#88bis, if UL frequency selective precoding is supported, there are two alternatives for subband TPMI signaling, alt1 and alt2.  
In alt 1, subband TPMIs only for allocated PRBs for a given PUSCH transmission are signaled to the UE via DCI; that means payload for TPMIs signaling varies according to the number of scheduled PRBs for PUSCH transmission. The varying size of DCI according to allocated number of subbands is undesirable since it will increase blind decoding attempts of PDCCH. One way to ensure DCI bits unchanged is to adapt the TPMI information bits per subband according to number of allocated PRBs for a given PUSCH transmission, that is, when number of allocated subbands is large the corresponding TPMI bits per subband is small and vice versa. For example, when the number of allocated subbands is 4 the corresponding TPMI bits per subband is 3, and for the number of allocated subbands is 3 the corresponding TPMI bits per subband is 4, thus total DCI bits for subband TPMI indication is 12 in both cases. This will not increase number of blind decoding attempts due to subband TPMI signaling and at the same time PUSCH transmission can benefit from subband precoding. 
On the other hand, in alt 2 subband TPMIs for all PRBs in UL are signaled via DCI regardless of actual allocated PRBs for a given PUSCH, the DCI size doesn’t change according to number of allocated subbands for a given PUSCH transmission however overhead could be very large if the number of subbands in UL transmission is large. Furthermore, in alt2 it was proposed for reduction of overall overhead the subband TPMIs are signaled in longer periodicity or it was even proposed to use MAC CE to signal subband TPMIs, however the benefit of subband precoding comes from its short term property. Thus, the benefit of alt 2 is questionable.
Signaling of TPMI can be separated into wideband and subband, for example if alternative 1 from agreements in previous meeting is supported, where network configures multiple codebooks each corresponding to a # of antenna ports, one codebook is selected out of multiple codebooks which can be indicated by wideband signaling and specific precoder indication can be per subband. If dual-stage codebook is supported, for example similar structure as in LTE DL W1W2, W1 is wideband signaling where as W2 is per subband.  
Proposal: Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission while PDCCH UE blind detection complexity is not increased.

Conclusions
In this contribution we discussed principles of UL codebook design and subband TPMI signaling, we have following proposals:
Proposal: NR UL codebook should flexibly support different scenarios of application and different transmit antenna structures at UE. Dual-stage codebook should be supported; single-stage or dual-stage codebook can be configured to UE according to its capabilities.
Proposal: Dynamic indication of codebook with alternative 1 or alternative 2 above is supported
Proposal: Subband TPMIs are signaled via DCI to the UE only for allocated PRBs for a given PUSCH transmission while PDCCH UE blind detection complexity is not increased.
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