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Introduction
In RAN1#88b, the following agreement was made:
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

· 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 RAN1#89adhoc, the following agreement was made:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support at least one of the followings: 
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant
· Alt. 4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant
· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)
· Note: this may depend UE’s capability in terms of calibration

[bookmark: _Ref178064866]In this contribution, we discuss Non-codebook based UL transmission and how to down-select from the four alternatives agreed in the last 3GPP meeting.
Non-codebook based UL transmission
The main use case of Non-codebook based UL transmission is for reciprocity based beamforming at the UE. The UE is scheduled with one or multiple SRS resources, where each SRS resource contains one SRS port. The UE then determines based on DL reference signals the beamforming weights for respective SRS resource before transmitting them to the TRP. The TRP performs measurements on the SRS resources, selects one or multiple SRS resources to be used for UL transmissions and signals them to the UE using SRS resource indicators (SRI(s)). The UE then applies one data layer per SRI during coming PUSCH transmissions. In RAN1#88bis it was agreed that multiple SRI indication is supported for Codebook based UL transmission, but it makes even more sense to use it for Non-codebook based UL transmission. 
[bookmark: _Toc490247075][bookmark: _Toc490247169][bookmark: _Toc490249607]Multiple SRIs can be used both when TPMI is signalled or when no TPMI is signalled. 
In order to mitigate the UL inter-TRP interference generated from Non-codebook based UL transmissions it is preferred that the UE transmits a number of different SRS resources in different directions and that the TRP selects preferred SRS resource(s) partly based on generated interference to neighbouring TRPs.  In order to further reduce the inter-TRP interference, the UE can change the beamforming vectors of the SRS resources that were not selected for UL transmission for the next SRS transmission. In this way, the UE will eventually find beamforming weights that generate small inter-TRP interference. Yet another way to reduce the inter-TRP interference is to let the UE estimate interference from surrounding TRPs and so that the UE can take this interference in to account when designing the UL precoders.
Frequency selective UL closed loop precoding has not been shown so far to provide substantial gains, at least for codebook based precoding [1][2][3]. Reciprocity based high resolution precoding may have additional potential for gain, and could also avoid extra overhead for frequency selective SRI. If full reciprocity cannot be utilized, frequency selective precoding could be enabled for Non-codebook based UL transmissions by using frequency selective SRI. However, this will also lead to increased overhead signalling, so further studies will be needed to evaluate the performance gain vs. overhead of such schemes. 
[bookmark: _Toc490247076][bookmark: _Toc490247170][bookmark: _Toc490249608]Further study need for frequency selective SRI, considering performance gain vs. overhead of Non-codebook based UL transmission.
Some UEs might not have calibrated (or only partly calibrated) radio chains which means that the relative phase of the transmit chains is not known by the UE. In this case precoding (i.e. coherent transmission) will be difficult to apply in a useful manner. Hence, in this case, it is preferred that the UE distributes one SRS resource per antenna arrangement, corresponding to a unit matrix for the Digital precoder matrix seen in Figure 1. The TRP can then select which antenna arrangements that should be used for UL transmissions by reporting one or several SRIs, where one layer is applied per SRI.
According to agreements in RAN1#89 adhoc 2, down-selection to one out of four possible non-codebook based schemes should be done during the RAN1#90 meeting. Alt.1 will use a single SRS port per SRS resource and the TRP can choose which UL precoders and the number of layers to be applied for coming UL transmissions by feeding back one or several corresponding SRIs. Hence, this solution gives the TRP full flexibility to choose which UL precoders and number of layers that the UE should use. Due to that no SRI is signalled in Alt.2, a single SRS resource will be used with multiple SRS ports. The TRP will then choose the number of layers for coming UL transmissions through the TRI, however, the TRP will not be able to choose which UL precoder(s) that should be used. This may have a negative effect on system performance due to the fact that the UE does not know how the interference situation looks like in UL and can therefore not know which precoders that are optimal from a system perspective. Hence, it is important that the TRP can freely decide which UL precoder that should be used such that UL interference can be taken in to account. In Alt.3, multiple SRS resources, each with multiple SRS ports is used and the TRP can select one SRS resource with a single SRI and determine the number of layers within that SRS resource. This alternative also limits the flexibility in a similar way as Alt.2 due to the fact that the TRI cannot be used to arbitrarily select which UL precoders that should be used, but only the number of layers. Alt 4 associates an uplink beam with one of multiple CSI-RS resources.   If the UE operates with beam correspondence, it is possible that this association is automatically established.  However, it is not clear how uplink interference is determined based on (downlink) CSI-RS measurements.  It seems necessary to measure an SRS transmitted on the beam, in which case selecting the desired SRS resource should be done via SRI rather than CRI.   Due the limitations in Alternatives 2, 3, and 4, we propose that Alternative1 should be the selected alternative.
[bookmark: _Toc490247077][bookmark: _Toc490247171][bookmark: _Toc490249609]Alt.1 is selected for non-codebook based UL transmission.
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Figure 1: Non-codebook based UL transmission where each PA is mapped to multiple SRS ports
Conclusions
In this contribution, we discussed Non-codebook based UL transmission and how to down-select from the four alternatives agreed in the last 3GPP meeting.  Our analysis led to the following proposals:

Proposal 1	Multiple SRIs can be used both when TPMI is signalled or when no TPMI is signalled.
Proposal 2	Further study need for frequency selective SRI, considering performance gain vs. overhead of Non-codebook based UL transmission.
Proposal 3	Alt.1 is selected for non-codebook based UL transmission.
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