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Introduction
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

In RAN1#90, the following were agreed:
· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
· FFS details
· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it
· 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 this contribution, we discuss Non-codebook based UL transmission and present some further details on multiple SRI indication.
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 only a single SRS port, since it has been agreed that no TPMI will be signalled. The UE then determines, based on a DL reference signal, the beamforming weights for each respective SRS resource. Which DL reference signal that the UE should use can be configured using RRC and for example be a CSI-RS resource or an SS block. The TRP then 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. 
[bookmark: _Toc490247075][bookmark: _Toc490247169][bookmark: _Toc490249607][bookmark: _Toc492572285][bookmark: _Toc492573253]Single port SRS resources should be used for non-codebook based operations
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 estimate interference from surrounding TRPs and take this into consideration when designing the UL precoders.
SRS resources can be narrow band and hence only occupy parts of the entire frequency band. However, the SRI(s) determining the preferred SRS resource(s) should be considered as wideband, which means that the SRI should be applied to the entire bandwidth of the corresponding PUSCH transmission. For instance, if wideband precoding of the SRS resource is used, the UE simply applies that same precoding for the entire PUSCH allocation. If frequency-selective precoding of the SRS resource is used, the UE shall not be expected to be scheduled on a resource allocation where it has not previously transmitted an SRS.
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][bookmark: _Toc492572286][bookmark: _Toc492573254]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. Consequently, it was agreed in RAN1#90 to support a UE capability identifying if a UL MIMO capable UE can support coherent transmission across its transmit chains.  When the UE is not capable of transmitting coherently on any of its Tx chains, 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.
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Figure 1: Non-codebook based UL transmission where each PA is mapped to multiple SRS ports

Concepts for UL beam management (i.e. beam management based on UL reference signals) are currently being developed for NR to control the beam (or more correctly the effective antenna pattern) for a respective UE panel. It is expected that UL beam management is performed by letting the UE transmit different SRS resources in different UE panel beams, which the TRP performs RSRP measurements on and signals back the SRI(s) corresponding to the SRS resource(s) with highest RSRP value(s). If a multi-panel UE is scheduled for SRS transmission of multiple beams from each of the multiple panels, the TRP and UE need to have a mutual agreement of which combinations of SRS resources can be transmitted simultaneously from the different panels. Otherwise the TRP could select SRS resources that could not be transmitted simultaneously, such as when the SRS resources correspond to different switched analog beams in a panel. The note to the agreement from RAN1#90 for signaling multiple SRIs (below) addresses this issue but does not conclude on how it should be done:
· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 
One way to solve this is to identify groups of SRS resources, where only one of the resources in an SRS resource group can be transmitted at a time.  The one resource from each of the SRS resource groups can be transmitted simultaneously with each of the other selected SRS resources from the other groups. Given the knowledge of the number of SRS groups, and which SRS resources are in the groups, the TRP can determine which SRS resources it can instruct the UE to transmit when multiple SRIs are signaled. One example will be given below:
Assume a UE with two panels (Panel A and Panel B), where each panel has four analog beams (A1-A4 and B1 to B4), as illustrated in Figure 2. The UE will start with signaling to the TRP in UE capabilities that it would like two SRS resource groups, where each SRS resources group consists of four SRS resources. The TRP will then use RRC to configure the UE with a number of SRS resources for each SRS resource group. For example, the TRP can configure SRS resources 1-4 in a first SRS resource group and SRS resource 5-8 in a second SRS resource group. During a UE TX beam sweep procedure, the TRP can then for example schedule the UE with one SRS resource from each SRS resource group in each OFDM symbol. As an example, SRS resource 1 and 5 could be scheduled in OFDM symbol 1, SRS resource 2 and 5 could be scheduled in OFDM symbol 2 and so on. The TRP can then perform measurements on the eight transmitted SRS resources, determine the best SRS resource for each SRS resource group and signal the corresponding SRIs back to the UE. Note that each SRS resource can consist of one or several SRS ports, hence the procedure can be applied for both non-codebook based (single SRS port per SRS resource) and codebook based UL transmissions (one or several SRS ports per SRS resource).
[image: ]
Figure 2: Example of UE with two panels, each panel with four analog beams

We note that the notion of an SRS resource group here serves a similar purpose to DMRS port groups defined for the NR downlink and to the SRS port group proposed in [4].  Given that an SRI refers to an SRS resource, and since an SRS antenna port group would seem to imply some selection or subdivision within one SRS resource, ‘SRS resource group’ seems to be more appropriate to describe the intended behavior.
[bookmark: _Toc485291013][bookmark: _Toc485291248][bookmark: _Toc485291277][bookmark: _Toc485287619][bookmark: _Toc485287771][bookmark: _Toc485288070][bookmark: _Toc485386692][bookmark: _Toc490079223][bookmark: _Toc490080465][bookmark: _Toc490081589][bookmark: _Toc490082218][bookmark: _Toc490082431][bookmark: _Toc490248192][bookmark: _Toc490252230][bookmark: _Toc492572287][bookmark: _Toc492573255][bookmark: _Hlk488310428]SRS resource groups are defined, where a UE can be assumed to be able to transmit only one SRS resource in an SRS resource group at a time, and where a UE can simultaneously transmit one SRS resource from each of multiple SRS resource groups.




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:

1. Single port SRS resources should be used for non-codebook based operations
Further study need for frequency selective SRI, considering performance gain vs. overhead of Non-codebook based UL transmission.
SRS resource groups are defined, where a UE can be assumed to be able to transmit only one SRS resource in an SRS resource group at a time, and where a UE can simultaneously transmit one SRS resource from each of multiple SRS resource groups.
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