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1. Introduction

Both UL transmission Scheme A (codebook based transmission) and Scheme B (non-codebook based transmission) are support in NR to meet the UL spectrum efficiency requirement. In RAN1 AdHoc#2 meeting, the signaling design to support Scheme B was discussed with following agreement:
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
In this contribution, we further discuss the signaling design of non-codebook based UL MIMO.
2. Discussion
For non-codebook based UL transmission, UE could acquire the uplink precoder based on downlink CSI and channel reciprocity, and/or acquire uplink Tx beam based on DL Rx beam and beam correspondence. However, the channel reciprocity at UE side is not expected to be as good as that at gNB side. On one hand, the RF characteristic is more unstable at UE side due to the UE cost. The amplitude and phase would vary differently for Tx and Rx channel due to RF instability at UE especially in high frequency. Antenna calibration is necessary at UE side to ensure the feasibility of channel reciprocity. Furthermore, the rich scattering at UE side would also make the channel reciprocity/beam correspondence very difficult. It is not expected that channel reciprocity (e.g. antenna calibration) is available at many UEs. Hence, non-codebook based transmission should be an optional capability for a NR UE.
Proposal 1: Whether non-codebook based transmission is supported for a UE should be an optional capability.
Four signaling alternatives without TPMI indication for non-codebook based transmission were proposed by companies at the past meeting. Different alternatives would result in different signaling in UL grant and different processing at UE side to acquire UL precoder/beam. The options are analyzed in this section.
· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant [1].
In this alternative, gNB would configure N SRS resources with single port where N is the maximal number of layers/rank UE can support. UE transmits the N resources using N different beams, where the N beams are the candidate beams expected to be used for following data transmission. Each beam corresponds to hybrid digital and analog beamforming for each layer obtained via channel reciprocity/beam correspondence. After receiving the SRS, gNB could select K SRS resources out of the N resources via SRI in UL grant, where K is the actual rank for UL transmission. Then the K beams applied to the K SRS ports/resources could be used for UL transmission of K layers.
Pros: 
· The beam(s) selected by gNB could be more accurate.
         Cons:
· the RI/CQI estimation would be inaccurate if the N SRS resources are not transmitted in a short time and with similar bandwidth to ensure contiguous channel
· N time units are needed to transmit N resources with different beams which lead to high overhead.
· The overhead of SRI in DCI would be large (e.g. bitmap with N bits).
· The pathloss calculation for each layer would lead to complex UL power control (e.g. per layer power control) if beam-specific pathloss is applied.
· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant [2]
In this option, gNB would configure single SRS resources with N port where N is the maximal number of layers/rank UE can support or the number of SRS ports used for codebook based transmission. UE transmits the N port SRS resources based on the analog beam derived from beam correspondence, which will also be applied to following data transmission. After receiving the SRS resource, gNB calculates the RI/CQI based on non-codebook or codebook based transmission assumption which could be gNB implementation. gNB indicates the TRI/MCS to UE via UL grant and UE could acquire UL digital precoder based on the TRI and channel reciprocity, which is fully transparent to gNB. In this step, the DL channel is obtained using the same analog beam as the beam for UL transmission. The whole processing and signaling is similar to DL non-codebook based transmission in reverse order.
Pros: 
· The SRS transmission and gNB processing are similar to Scheme A with beam correspondence (except without TPMI) which would simplify the specification and signaling design.
· Only one time unit is needed for the N ports SRS resource.
         Cons:
· The precoder is fully decided by UE and may be unreliable when the channel reciprocity is not so good.
· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant [3]
In this option, gNB would configure M SRS resources with N port where M is the number of candidate beams. UE transmits the M SRS resources based on the analog beams derived from beam correspondence. Each resource could span multiple subbands and UE can select a subband-specific beam for each subband. After receiving the SRS resources, gNB would select one resource and indicate corresponding SRI to UE. Also, gNB calculates the RI/CQI based on the selected SRS resource. gNB indicates the TRI/MCS to UE via UL grant and UE could acquire UL subband precoder based on the TRI, SRI and channel reciprocity. This scheme is applicable to the case when frequency-selective precoding is enabled for non-codebook based transmission.

Pros: 
· gNB can select subband-specific beam for UL transmission via SRI.
         Cons:
· Higher resource overhead with M SRS resources and possibly multiple ports per resource.
· Higher DCI overhead with both SRI and RI.
· How to obtain the beam for each subband via beam correspondence would be an issue if the Rx beam for DL signal is wideband. 
· Multiple time units are needed to transmit SRS resources with different beams
· How to calculate pathloss is an issue if subband-specific beam and beam-specific pathloss is applied.
· Alt.4: Signalling of a single TRI, a single CRI without TPMI indication in the UL grant
This option is similar to Alt.2 with additional CRI indication. With CRI indication, UE could determine UL precoder/beam based on the DL channel according to the CSI-RS resource indicated by CRI and channel reciprocity. The other signaling and processing could be the same as that of Alt.2.
Pros: 
· Similar to Alt.2.
         Cons:
· Similar to Alt.2.
· Additional signaling overhead in DCI for CRI compared to Alt.2.
· It is unclear how can gNB select the objective CSI-RS resource for channel reciprocity and whether the CSI-RS selected by gNB is better than that selected by UE, considering only UE is aware of the best Rx beam and the receiving performance of different CSI-RS resources. 
· Summary
Considering the DCI overhead, SRS resource overhead, uplink power control and commonality with codebook based transmission, Alt.2 is preferred among the alternatives. It is also proposed that non-codebook based transmission is only applied to scenarios with good channel reciprocity, e.g. with antenna calibration at UE side. When the channel reciprocity is non-ideal, codebook based transmission should be used instead of gNB-assisted non-codebook based transmission to ensure the performance. 
Proposal 2: For non-codebook based UL MIMO transmission, support the scheme based on signalling of TRI without SRI and TPMI indication in the UL grant (Alt.2).
3. Conclusions
In this contribution, we discuss the application scenarios and different alternatives for non-codebook based uplink transmission. Based on the analysis, we propose that:
Proposal 1: Whether non-codebook based transmission is supported for a UE should be an optional capability.
Proposal 2: For non-codebook based UL MIMO transmission, support the scheme based on signalling of TRI without SRI and TPMI indication in the UL grant (Alt.2).
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