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Introduction
In RAN1 NR-AH#2, the following agreement on UL MIMO was made [1]:
	Agreements:
· 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: _Ref446598547]This contribution addresses the following issues related to the highlighted part of the agreement: 
1. [bookmark: _Ref481154632]The utility of non-codebook-based UL transmission
2. [bookmark: _Ref481154038]TPMI-based UL transmission scheme when DL-UL reciprocity is feasible

Utility of non-codebook-based UL transmission 
1 
Supporting non-codebook-based UL transmission scheme entails an UL-related DCI design without TPMI as TPMI refers to a particular precoder in a codebook. Such a scheme may be relevant for two scenarios:
1. Scenario 1: High-frequency operation when fully analog beamforming architecture is used. Here, each SRS resource comprises N=1 port. Hence, codebook-based transmission (which requires N>1-port codebook) may not be feasible. 
a. Here, the gNB selects the precoder for UL data transmission (UE-assisted, gNB-centric) where SRI implicitly performs the function of TPMI. How CSI-RS is utilized in this case remains unclear. 
b. Scheme 1 fits in this scenario
2. Scenario 2: When DL-UL channel reciprocity is feasible, a UE can measure CSI-RS for the purpose of precoder calculation. Therefore, TPMI is not required since the UE can determine the precoder itself - thereby reducing DL control signaling overhead and allowing the UE to determine its own precoders (higher resolution compared to codebook-based precoding).
a. Here, the UE selects the precoder for UL data transmission (UE-centric, gNB-assisted) hence no analogous TPMI functionality exists. 
b. Scheme 2, 3, and 4 fit in this scenario. 
In scenario 1 (hence scheme 1), multiple single-port SRS resources are used for facilitating spatial multiplexing. The rationale is that at higher frequencies, spatial multiplexing cannot be performed across multiple digitally-precoded antenna ports since digital precoding is infeasible. This, however, seems relevant only for fully analog beamforming architecture where only one digital port is available. This scenario is mainly relevant for >50GHz scenario (which is of a lower priority for Phase I). In addition, since different SRS resources can be associated with different time units (including slots) and frequency resources, introducing specification for scheme 1 requires significant amount of study (which has not been sufficiently performed – including the absence of any simulation results, to-date, from the proponents). It is therefore more fitting to study this more carefully for Phase II (or later) NR. Items to be studied include performance of scheme 1 (with spatial multiplexing) at higher frequencies, necessary specification support other than supporting multiple SRIs in an UL-related DCI, constraints on SRS resource allocation for supporting scheme 1, etc. 
For example, it has been pointed out that the performance of scheme 1 is not better than that of size-K codebook. This can be argued as follows. Assume a hypothetical best-case scenario of single-cell without inter-cell interference (e.g. when cell isolation is large). In this case, the absence of UL interference estimation at the UE is not an issue. The UE may then transmit K SRS resources (hence K “beams”) to cover all pertinent spatial directions so that the gNB can measure UL CSI along those K directions. This non-codebook/SRI-based scheme (which requires K SRS resources), however, cannot outperform a codebook/TPMI-based UL transmission scheme (which requires only 1 SRS resource with sufficient number of ports) which employs a size-K codebook designed to cover the same set of spatial directions. Therefore, the non-codebook/SRI-based scheme is at best redundant when a comparable codebook/TPMI-based scheme is already available.    
Evidently, there are a number of issues that need to be addressed before scheme 1 can be justified for specification support. Considering the time left for Phase I, considering scheme 1 (including scenario 1 and alternative solutions to scheme 1) in Phase II seems to be of a practical necessity. 
The main purposes of scenario 2 are to save DL control signaling overhead and perhaps to allow the UE to select the precoder for UL data transmission when DL-UL channel reciprocity is available. However, the following consideration demonstrates that schemes 2 to 4 are problematic:
· No guarantee of reasonable UL CSI acquisition: Even when DL-UL full channel reciprocity is feasible, in general interference profile is not reciprocal between UL and DL (even worse, interference profile can be frequency selective at times). Therefore, both scenarios suffer from the lack of UL interference profile at the UE since CSI-RS measurement only provides UL channel information without UL interference information. Since the UE can choose a precoder which is aligned with UL channel eigenvector yet falls within the rank-space of UL interference profile (hence null-space of UL SINR), choosing a set of K precoders without any assistance from the gNB (in providing UL interference profile) cannot guarantee reasonably good UL CSI acquisition at the gNB. At worst, the UE persistently transmits SRS along the worst-possible directions to the gNB which will impact UL system throughput. At best, this narrows down the span of the K precoders within the channel subspace. 
· Non-reciprocal multi-beam system: Even for TDD, DL-UL channel reciprocity may not hold in some scenarios. First, when beams at TRP and/or UE are different between DL and UL, DL-UL channel reciprocity does not hold. For example, without beam correspondence, the TRP finds its DL Tx beam and UL Rx beam separately via DL beam management and UL beam management, respectively. In this case, the TRP has different beams between DL and UL. Second, consider a case where DL and UL are from different TRPs due to various factors such as power imbalance of TRPs and traffic offloading. It could be more efficient to transmit DL signal from high power TRP but let the low power TRP to receive UL signal. For the case, i.e. UE’s DL and UL are connected with different TRPs, DL-UL channel reciprocity is not feasible. Therefore, this also results in different beams between DL and UL, since different TRPs between DL and UL will cause different beams between DL and UL. Figure 1 illustrates such scenarios. 
· The lack of interference reciprocity which plagues schemes 2 to 4 can be overcome with a codebook-based scheme which uses TPMI to indicate a group of precoders (see our companion contribution [2] for details and Figure 2 for illustration). Here, the UE calculates the precoder (either by selection or combination) used for UL data transmission from the precoder group indicated in the TPMI.   
Based on the above considerations, the case for supporting any of the schemes 1 to 5 for Phase I NR is unclear. However, since an agreement for supporting at least one scheme was made (despite the lack of evidence and study), one scheme (partially) addressing scenario 2 can be considered such as scheme 2 (with one SRS resource) and/or 3 (with multiple SRS resources used for generating multiple “beamformed” SRSs). 
[image: ]
[bookmark: _Ref481156654]Figure 1. Some cases without DL-UL channel reciprocity in multi-beam based systems



[bookmark: _Ref481157814]Figure 2 Codebook/TPMI-based UL Tx scheme: 2 configurations (without and with) DL-UL channel reciprocity

Proposal: For non-codebook-based transmission, support scheme 2 (TRI only) or scheme 3 (TRI + one SRI) for Phase I NR
· For scheme 3, each of the K>1 SRS resources represents beamformed/precoded SRS
· Scenario 1 is addressed in Phase II


2 Conclusions
In this contribution, Samsung’s view on UL non-codebook-based transmission for NR is presented. Our proposals are summarized as follows:
· For non-codebook-based transmission, support scheme 2 (TRI only) or scheme 3 (TRI + one SRI) for Phase I NR
· For scheme 3, each of the K>1 SRS resources represents beamformed/precoded SRS
· Scenario 1 is addressed in Phase II
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