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1. Introduction
At the RAN1#84 bis meeting, RAN1 agreed simulation assumption on the maximum number of antenna ports at base station (BS) and UE [1]. Up to 32 and 8 antenna ports are assumed for above and below 6 GHz bands respectively. In order to enhance uplink (UL) throughput and capacity by utilizing such a large number of antenna ports, spatial multiplexing was captured as one of the potential technologies for NR UL MIMO in agreements shown below [2]. In addition, as Channel State Information (CSI) acquisition schemes, reciprocity based and non-reciprocity based channel estimation schemes were also captured in the agreement [2]. This contribution discusses CSI acquisition and feedback scheme for UL MIMO transmission, and we mainly focus on how we can handle the reciprocity based and non-reciprocity based operation.
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Agreements:
· The following techniques are studied for NR UL MIMO

· Uplink transmission/reception schemes for data channels

· Non reciprocity based UL MIMO (e.g. PMI based) 

· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO

· Open-loop/Close-loop single/Multi point spatial multiplexing

· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs

· Note: for multi point SM, multiple point may have coordination

· Single/Multi panel spatial diversity

· Uplink antenna/panel switching (UE side)

· UL beamforming management for analog implementation
· Combination of above techniques
· UL RS design considering the below functions

· Sounding

· Demodulation

· Phase noise compensation

· UL transmit power/timing advance control in the context of UL MIMO

· Transmission scheme(s) for carrying UL control information

· Other UL MIMO and related techniques are not precluded


2. Discussion

For new radio (NR) access technology, a larger number of antenna ports will be equipped on UE compared with that in LTE-A. Although it will bring increase of throughput and capacity to NR, it will also bring significant increase of overhead for SRS and UL grant (e.g., TPMI field size) due to such a large number of antenna ports. This consumes physical resources and restricts the benefit of MIMO gain. If there is a strong correlation between UL and downlink (DL) channels such as in TDD operation, reciprocity based approach can be applied to reduce the overhead. Reciprocity based CSI acquisition obtains UL CSI by measuring DL reference signal (RS) without transmitting UL RS. Therefore the overhead for SRS transmission and TPMI indication can be omitted.
Observation 1:
CSI acquisition overhead increases according to the increase of the number of Tx and Rx antenna ports in non-reciprocity based operation. 
Observation 2:
Reciprocity based CSI acquisition has significant potential to reduce the CSI acquisition overhead.
However, this approach doesn’t work well when UE transmitter and receiver are not calibrated and their channel responses are different. Although a UE needs UL CSI including channel response from UE transmitter circuit, UE can’t obtain it from DL RS, since it doesn’t go through the UE transmitter circuit.
Observation 3:
The performance of reciprocity based CSI acquisition depends on calibration accuracy between Tx and Rx circuit in UE. If there is large difference between them, DL RS measurement won't provide accurate CSI for UL transmission.
Even though there might be precisely calibrated UEs such as modules for automobile or front-haul equipment, most of handsets won’t be calibrated enough because of the manufacturing cost. As a result, it is expected that there will be both of the calibrated and non-calibrated UEs in a same network.
Observation 4:
Although some kind of UEs might be accurately calibrated, it seems difficult to assume that all the UE achieves calibration that is accurate enough for reciprocity based CSI acquisition. This results in co-existence of calibrated and non-calibrated UEs in NR system.
On one hand, in order to get around the overhead increase for CSI acquisition, BS should allow calibrated UEs to behave reciprocity based operation. On the other hand, BS should provide feedback for CSI acquisition so that non-calibrated UEs can make up for the inaccuracy of the estimation.
Proposal 1:
NR UL MIMO should cover both of calibrated and non-calibrated UEs. E.g., for calibrated UEs, reciprocity based operation is served. For non-calibrated UEs, feedback for CSI acquisition is provided to make up for the inaccuracy of the estimation.

In order to manage this situation, some information about UE calibration should be shared with BS. This enables BS to change modes depending on UE calibration accuracy. We propose to introduce capability which allows BS to distinguish these two types of UEs as shown in Figure 1. 
Observation 5:

BS needs to know UE calibration accuracy so that it can change operation modes for calibrated and non-calibrated UEs. 

Proposal 2:

UE capability which indicates calibration accuracy for UL reciprocity based operation should be introduced.
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Figure 1: Reciprocity and non-reciprocity mode change

We also need to consider feedback scheme for non-calibrated UEs. As we mentioned above increase of the number of antenna ports will bring increase of overhead for TPMI indication. Amplify-and-forward (AF) feedback technique [3], which can be also called as analogue feedback, is an effective way to share accurate CSI with UE without increasing the signaling overhead. Hence we propose to study AF feedback further as a candidate of CSI acquisition scheme for UL transmission. Figure 2 shows the procedure to acquire UL CSI by AF feedback.
Observation 6:
Study enhanced feedback scheme for UL CSI acquisition in order to reduce overhead (e.g. TPMI indication, feedback and RS transmission) for non-calibrated UEs.
Observation 7:
Amplify-and-forward (AF) feedback has potential to obtain accurate CSI without significant increase of feedback overhead.

Proposal 3:

AF feedback should be studied further as a candidate of CSI acquisition schemes for UL MIMO transmission.
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Figure 2: AF feedback
3. Conclusion
In this contribution we discussed CSI acquisition and feedback scheme for UL MIMO transmission. Our main focus is placed on the support of reciprocity and non-reciprocity based operation for calibrated and non-calibrated UEs. Our observations and proposals are shown below.
Observation 1:
CSI acquisition overhead increases according to the increase of the number of Tx and Rx antenna ports in non-reciprocity based operation. 

Observation 2:
Reciprocity based CSI acquisition has significant potential to reduce the CSI acquisition overhead.
Observation 3:
The performance of reciprocity based CSI acquisition depends on calibration accuracy between Tx and Rx circuit in UE. If there is large difference between them, DL RS measurement won't provide accurate CSI for UL transmission.
Observation 4:
Although some kind of UEs might be accurately calibrated, it seems difficult to assume that all the UE achieves calibration that is accurate enough for reciprocity based CSI acquisition. This results in co-existence of calibrated and non-calibrated UEs in NR system.
Proposal 1:
NR UL MIMO should cover both of calibrated and non-calibrated UEs. E.g., for calibrated UEs, reciprocity based operation is served. For non-calibrated UEs, feedback for CSI acquisition is provided to make up for the inaccuracy of the estimation.

Observation 5:

BS needs to know UE calibration accuracy so that it can change operation modes for calibrated and non-calibrated UEs. 

Proposal 2:

UE capability which indicates calibration accuracy for UL reciprocity based operation should be introduced.
Observation 6:
Study enhanced feedback scheme for UL CSI acquisition in order to reduce overhead (e.g. TPMI indication, feedback and RS transmission) for non-calibrated UEs.
Observation 7:
Amplify-and-forward (AF) feedback has potential to obtain accurate CSI without significant increase of feedback overhead.

Proposal 3:

AF feedback should be studied further as a candidate of CSI acquisition schemes for UL MIMO transmission.
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