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1 Introduction

At RAN1 NR adhoc meeting [1], it was agreed that:

· Study the following DL CSI feedback for different degree of channel reciprocity, 

· For full channel reciprocity 

· Explicit interference feedback: e.g., Interference covariance matrix, diagonal elements of interference covariance matrix

· Implicit interference feedback: e.g., Interference PMI feedback

· Explicit channel feedback: e.g., CSI of multiple TRPs

· For partial channel reciprocity (e.g., more Rx ports than Tx ports at UE)

· Partial CSI feedback for eNB to acquire full CSI 

· Study whether or not to support CSI-RS and SRS transmission in the same slot (e.g., for fast CSI acquisition)

· Study if a limitation on the number of SRS and/or CSI-RS ports due to UE complexity, slot duration of different numerology are needed.

In this contribution, we discuss the CSI feedback acquisition based on different degree of reciprocity.  
2 Discussion on CSI feedback with channel reciprocity
Reciprocity based CSI measurement is of crucial importance in NR MIMO operations, where the downlink channel can be obtained from the uplink SRS transmission. However, relying on SRS transmission alone is usually not sufficient to acquire the full DL CSI. For example, the downlink interference cannot be obtained through the measurement on SRS. In the meanwhile, if only partial channel reciprocity holds in TDD system (e.g., when the number of Rx and Tx antenna ports are different at UE), the UE has to report part of the DL channel information to aid the base station to acquire the full DL channel information. Thus, DL CSI-RS transmission should be supported in the reciprocity based CSI measurement in addition to SRS.
In the following sections, we will give our views on the CSI feedback mechanism for different degree of reciprocity.
2.1 CSI feedback for full channel reciprocity
With full channel reciprocity, gNB can acquire DL CSI based on SRS measurement. However, the DL interference experienced by UE cannot be obtained directly by SRS measurement. In LTE, this interference is reflected by CQI which is acquired by assuming transmit diversity scheme when no PMI is feedback. When the true transmission scheme is not transmit diversity, the CQI is not accurate. 
To handle this issue, the interference experienced at UE can to be feedback to gNB for channel with full channel reciprocity. To feedback the interference efficiently, several aspects should be considered. For example, parameters to represent the interference should be studied, e.g., interference covariance matrix or only its diagonal elements. Diagonal elements can be feedback in a periodic way, which reflects the long-term statistics of interference. Interference covariance matrix can be feedback in an aperiodic way to capture accurate one shot interference. 
In addition, there are different possible methods to carry the interference information from the UE to the gNB: One method is to transmit SRS precoded by the interference covariance matrix or its diagonal elements; the other method is to carry interference information by PUCCH. For the latter method, since the range of strength of interference may be large, a method to reduce the quantization range of interference should be studied to reduce the overhead. Furthermore, if the interference feedback is reported in a periodic way, a new PUCCH channel to carry the interference information is needed.
Proposal 1: For TDD system with full reciprocity, explicit interference feedback should be supported for accurate CSI acquisition in NR MIMO.
2.2 CSI feedback for partial channel reciprocity
In TDD system, due to various UE capabilities, there are some UEs who has less Tx antenna ports than Rx antenna ports, as shown in Figure 1. For these UEs, even though the antenna ports with both Tx and Rx chains are reciprocity calibrated, full channel reciprocity does not hold. Therefore, relying solely on SRS can not provide sufficient DL channel state information for gNB. 
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Figure 1 A UE with one Tx/Rx antenna and two Rx antennas
For these UEs, applying classic CSI feedback based on CSI-RS measurement is one way to provided DL CSI for gNB. However, the CSI feedback overhead can be large when high resolution CSI is needed at gNB. Since gNB is reciprocity calibrated, there are some similarity between the UL CSI obtained at gNB by SRS measurement and the DL CSI obtained at UE by CSI-RS measurement. This similarity can be exploited for CSI feedback overhead reduction.

For example, when the inter-spacing of UE’s antennas are small, e.g., half of wavelength, different antennas face very similar propagation environment. Therefore, the basis to represent the partial channel related to UE’s Tx&Rx antennas may be similar to the basis to represent the whole channel. We show this similarity in Fig. 2. In this simulation, the UE has 2 Rx antenna ports one of which is also a Tx antenna port. Based on this similarity, UE can feedback a part of CSI (e.g., differential CSI) for gNB to recover the complete CSI.
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Figure 2 beam basis similarity between partial channel and whole channel
For sub 6GHz FDD system, the above similarity may also hold if the duplex distance is relatively short. If so, only a part of DL CSI is needed to be feedback to gNB, and gNB can acquire the complete DL CSI based on the UE report and UL CSI from SRS measurement.
Proposal 2: For TDD system with partial reciprocity, in addition to interference feedback, partial CSI feedback should also be supported for complete CSI acquisition without considerable overhead increase.
2.3 Fast CSI acquisition for channel with reciprocity
To achieve a fast CSI measurement and report, a joint utilization of DL CSI-RS and SRS can be studied. Two frame structure are shown in Fig.3 for exemplary. As shown in Fig. 3 (left), CSI-RS is transmitted at the front of a subframe and SRS is transmitted at the end of the subframe. This front-loaded CSI-RS can assist DL CSI (e.g., DL interference at UE side) measurement. For UE with low capability, the DL CSI feedback can happen in a subsequent subframe with this basic frame structure. But for UE with high capability, the DL CSI feedback can happen in the same subframe for fast CSI feedback, then the frame structure evolves into what is shown in Fig.3 (right). With this joint CSI-RS and SRS utilization design, the CSI and/or interference feedback latency can be greatly reduced, which improves the accuracy of CSI and link adaptation for subsequent DL transmission. 
Proposal 3: Transmission of DL CSI-RS and SRS in the same subframe for reciprocity based CSI measurement can be supported.
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Figure 3. Transmission of DL RS and SRS in the same subframe for reciprocity based CSI measurement
3 Conclusion

Proposal 1: For TDD system with full reciprocity, explicit interference feedback should be supported for accurate CSI acquisition in NR MIMO.

Proposal 2: For TDD system with partial reciprocity, in addition to interference feedback, partial CSI feedback should also be supported for complete CSI acquisition without considerable overhead increase.
Proposal 3: Transmission of DL CSI-RS and SRS in the same subframe for reciprocity based CSI measurement can be supported.
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