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Introduction
In RAN1 #86 Meeting [1], reciprocity-based CSI acquisition was recognized among the potential CSI acquisition schemes for NR. The benefits of a reciprocity-based CSI acquisition are two fold; it could result in a significant performance enhancement by providing a more accurate and timely CSI, and also reduce the feedback overhead for CSI measurement configuration and reporting. The latest agreements on the CSI acquisition framework are:
· A simplified CSI acquisition framework should be studied in NR, which could support
· CSI measurement based on CSI-RS (if supported)
· Implicit and explicit CSI feedback
· CSI acquisition based on different degrees of reciprocity
· Other features to be supported

In this contribution, we discuss a few scenarios where partial reciprocity could be used to enhanced uplink MIMO operation. 

Reciprocity  
To implement an efficient beamforming, the transmitter requires an accurate knowledge of the channel state information (CSI). Such information could be provided explicitly by the receiving-end based on the measurements performed on the reference signals. However, it imposes some delay and extra overhead on the control channel. In NR, the overhead problem is further exacerbated due to very large number of antennas that motivates development of resource-efficient CSI acquisition schemes. 
[bookmark: _GoBack]An alternative scheme to CSI reporting is based on the principle of channel reciprocity. The principal idea behind this approach is derived from the Lorentz reciprocity theorem [2]. In brief, given a radiating source at point A and a distant point of measurement B, the relationship between the radiating source and the resulting electric field is maintained if the source is moved to point B and the measurement is performed at point A. An example of such scenario is TDD-based systems where the downlink channel estimation can be used for uplink beamforming as long as the time between the measurement and the uplink transmission is shorter than the channel’s coherence time. Moreover, the validity of channel reciprocity depends also on the interference observed at the transmitter and at the receiver. As such, estimating the reciprocal channel should take this interference asymmetry into account.
Proposal 1: RAN1 considers study on the effect of interference asymmetry on the use of channel reciprocity for uplink MIMO.
Figures 1-(a) and (b) demonstrate basic motivation behind reciprocity-based UL MIMO transmission. In the Figures, the sum-rate capacity of an UL MIMO is evaluated under different CSI availability and channel quanitization. Three CSI-based codebook designs are considered that are DFT [3], RVQ [3] and Ideal quantized [4]. The Ideal quantized codebook is included to mark the theoretical upper bound of performance of the CSI-based precoding schemes. The results for reciprocity based UL SVD beamforming are presented with perfect as well as imperfect calibration. As demonstrated, there is a large performance gap between common codebook designs, i.e., DFT and RVQ and SVD beamforming. To better appreciate the potential performance gain that can be achieved by reciprocity-based beamforming, a very large codebook-based explicit CSI feedback (B = 15 bits) is considered for the comparison. Based on the results shown in Figure 1, following observations can be made,
Observation 1 - Reciprocity-based precoding even with significant calibration errors outperforms codebook based precoding.
Observation 2 – As the dimension of the system grows the gap between the reciprocity-based and ideal CSI-based precoding widens.
[image: ][image: ]
Figure 1 Reciprocity-based against CSI-based codebook precoding
Other Potential Use Cases for Uplink MIMO for TDD 
Channel reciprocity may be used in conjunction with reporting-based CSI acquisition to enhance the performance and reduce the CSI feedback overhead. In this section, we discuss two scenarios where combined use of reciprocity- and report-based CSI could result in significant improvement in system performance.

Dual Precoder Design for UL MIMO
In LTE Rel. 10, dual precoder design was introduced to enable 8TX antenna transmission in TM9 without requiring an excessively large codebook. A dual precoder structure helps accuracy of precoding by allowing to split the CSI feedback into long and short term components. For uplink NR, given the much smaller size of the antennas at mmWave, mobile units may become equipped with a large number of antennas. Therefore, a dual precoder structure may become essential to support implementation of uplink beamforming.
Assuming a dual precoder structure, the overall precoder  can be designed such that  and  are determined based on reciprocity- and report-based CSI, repectively. In other words,  would be an eNB-directed precoder (report-based) while  would be a UE-directed precoder (reciprocity-based) without requiring any feedback. In a simple example, the precoder  can be based on long term statistical direction of the channel derived using the reciprocal channel, while  provides short term updates to enhance channel tracking. Figure 2 shows basic operation of UL MIMO system with partial use of reciprocity for enhanced beamforming.
Proposal 2: RAN1 considers further study on dual precoder design based on combined use of reported-  and reciprocity-based CSI for uplink MIMO.


Figure 2 Combined use of reciprocity- and reported-based CSI for uplink MIMO
UL MU-MIMO based on Interference Feedback
An attractive feature of UL MU-MIMO operation in LTE is its transparency to the MU-MIMO UE pair. The pairing is performed by the eNB based on finding the best UE pair that exhibits the least correlation between their channels over a given set of resources. Furthermore, there is no coordination between the UE pair to minimize their mutual interference, and the separation of the UE’s transmissions is the eNB’s responsibility. The intra-cell interference problem may be further exacerbated if UE’s will solely rely on channel reciprocity for uplink beamforming.
To improve the performance of the uplink MU-MIMO for NR, MU-MIMO pair may be assisted to reduce their cross interference. An efficient way to implement the mechanism is through using reciprocity-based beamforming to avoid requiring extra reporting and feedback overhead. Figure 3 shows the basic steps of the operation for uplink MU-MIMO based on intereference feedback. In this process, the eNB determines the direction of each uplink transmsion based on the received uplink DMRS of each UE, and it provides the information to the opposing UE in form of a PMI. Then by relying on the channel reciprocity, each UE estimates the uplink channel. The uplink beamforming vector is designed to maximize transmission efficiency in the direction of the uplink channel while minimizing the interference in the direction of the interference PMI.  
Proposal 3: RAN1 considers enhanced uplink MU-MIMO operation by relying on reciprocity-based CSI and intereference feedback.


[bookmark: _Ref457480210]Figure 3 Uplink MU-MIMO based on Interference Feedback
Summary
The main motivations for use of channel reciprocity is to enhance the performance and avoid unnecessary increase in CSI feedback overhead. In this contribution, we presenetd the examplery use cases of channel reciprocity to enhance the performance of uplink MIMO in NR. Based on the discussion, the following proposals are presented;
Proposal 1: RAN1 considers study on the effect of interference asymmetry on the use of channel reciprocity for uplink MIMO.
Proposal 2: RAN1 considers further study on dual precoder design based on combined use of reported-  and reciprocity-based CSI for uplink MIMO.
Proposal 3: RAN1 considers enhanced uplink MU-MIMO operation by relying on reciprocity-based CSI and intereference feedback.

Observation 1 - Reciprocity-based precoding even with significant calibration errors outperforms codebook based precoding.
Observation 2 – As the dimension of the system grows the gap between the reciprocity-based and ideal CSI-based precoding widens.
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1- Using reciprocity, UE Determines W1  based on the downlink channel measurements


3- UE applies W=W1W2 as the overall uplink precoder


2- eNB determines and sends PMI (W2) based on the uplink channel measurements 



image4.emf
eNB

UE1

UE2

Desired Signal

Interference

eNB advises PMI  based on v

1

v

2

eNB advises PMI  based on v

2

v

1


Microsoft_Visio_2003-2010_Drawing2.vsd
UE2


eNB


UE1


Desired Signal


Interference


eNB advises PMI  based on v1


v2



