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1. Introduction

Non-codebook based transmission is introduced in NR to exploit the channel reciprocity at UE side. In RAN1#90 and AH#3 meeting, the signaling design to support non-codebook based transmission was discussed with following agreement:
Agreements:

· 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
Working assumption
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 

· Note: to support high rank transmission, multiple SRS resources should be indicated

· FFS: subband SRI indication

· FFS: Details of DCI for wideband SRI indication

· FFS: Details on how to reduce the overhead and SRS resource

This contribution is revised of R1-1715669 with update according to the agreements. In this contribution, we discuss the further 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 (as well as 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.
It was agreed that only single port SRS resource(s) could be configured to support non-codebook based UL MIMO transmission with wideband precoding. gNB would select one or more SRS resource(s) among N SRS resources and indicate corresponding SRI(s), where N is the maximal rank for the transmission. To ensure the accuracy of SRI estimation, the N SRS resources should be transmitted in the same or adjacent time-frequency resource. For example, the N ports SRS can be transmitted in the same symbol with the same bandwidth. Within the bandwidth, the ports can be multiplexed via different combs and/or cyclic shifts. Considering the maximal value of N is equal to 4, the resources within one symbol is sufficient for SRS. 
In our contribution [2], it is proposed to consider group-specific power control parameters for UL beam management. The mechanism can be reused for non-codebook based UL transmission since the multiple SRS resources for non-codebook based UL-MIMO should be transmitted with the same transmit power to ensure the fairness among the resources. The N SRS resources for non-codebook can be configured as a SRS resource group and group-specific power control can be applied as in [2]. 
Proposal 2: The single port SRS resources for UL non-codebook transmission should be transmitted in the same symbol with the same bandwidth and transmit power.
Proposal 3: A SRS resource group can be configured for UL non-codebook transmission with group-specific power control parameters.
In the past meeting, SRI(s) only without TPMI indication was agreed for PUSCH precoder determination in non-codebook-based transmission with wideband precoding. Only SRI would be indicated in UL grant based on one or more single port SRS resources. The SRI would not only indicate the number of selected SRS resources (beams), but also indicate which SRS resource (beam) is selected, e.g. bitmap on multiple SRS resources. In this case, to support subband precoding for non-codebook based UL MIMO, subband SRI indication is needed which would significantly increase the DCI overhead. However, by now there is no performance evaluation to justify the gain of subband precoding based on Alt.1. With Alt.1, only N beams can be used for beam selection in different subbands (where N is the maximal rank), and the gain of frequency selective precoding would be very limited due to low degree of freedom in precoder. Furthermore, according to previous agreement that frequency selective precoding is only supported for case of transmission port number larger than 2, subband precoding should not be supported for this case since only single port SRS resource can be used for non-codebook based transmission. Hence, it is proposed not to support subband precoding in NR.
If frequency selective precoding is still desirable by companies, it is preferred to apply Alt.2 instead of Alt.1 to obtain the frequency selective gain. With Alt.2, the precoder can be fully decided by UE and only RI/MCS is indicated by gNB based on some precoding assumption (e.g., codebook based or eigenvector based) [1]. On one hand, only wideband RI is needed in UL grant for Alt.2 and the DCI overhead will not be increased by subband precoding. On the other hand, since the precoder for each subband is decided by UE which is transparent to gNB, flexible subband precoder can be applied based on channel reciprocity and PRB bundling configuration to acquire the maximal frequency selective gain. However, the gain is depended on the reliability of channel reciprocity, and different signaling designs would be introduced for wideband and subband precoding.
Proposal 4: Frequency selective precoding is not supported for uplink non-codebook based transmission.
Proposal 5: If frequency selective precoding is supported in NR, apply TRI only indication (Alt.2) for overhead reduction and flexible subband precoders.
3. Conclusions
In this contribution, we discuss the further signaling design 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: The single port SRS resources for UL non-codebook transmission should be transmitted in the same symbol with the same bandwidth and transmit power.
Proposal 3: A SRS resource group can be configured for UL non-codebook transmission with group-specific power control parameters.

Proposal 4: Frequency selective precoding is not supported for uplink non-codebook based transmission.

Proposal 5: If frequency selective precoding is supported in NR, apply TRI only indication (Alt.2) for overhead reduction and flexible subband precoders.
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