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1 Introduction

At RAN1 NR 88 meeting [1], it was agreed that:

· Update the RAN1 Jan. Ad hoc agreements as follows;

· Study the following DL CSI feedback, 

· 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 

· Non-PMI feedback (legacy: eNB send beamformed RS, and UE report RI/CQI)

· CSI contains RI and CQI

· FFS how RI and CQI are derived

· E.g., RI and CQI depend on a PMI which is selected from a defined codebook or a configured codebook subset

· UE may also calculate RI and CQI directly with estimated channel without assuming PMI from any predefined codebook, FFS spec impact 

· 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, when the number of Rx and Tx RF chains are different at UE, only partial DL channel information can be acquired based on SRS measurement. 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 partial channel reciprocity.
2.1 CSI feedback for partial channel reciprocity
In TDD system, due to various UE capabilities, there are some UEs who have 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 UE, several schemes are discussed in the following to aid eNB for DL CSI acquisition.
Scheme 1: non-PMI feedback scheme 

In this scheme, gNB forms beamformed CSI-RS based on the precoder obtained from the SRS measurement, and UE reports RI/CQI based on the CSI-RS measurement. This scheme is based on the assumption that the precoder for PDSCH has been decided by gNB based on SRS measurement, e.g., the eigenvectors of the UL channel. However, with asymmetric Tx and Rx, the precoder obtained based on the partial UL channel mismatches with the real precoder based on the full DL channel. 
An example is shown in Fig.2, where the left figure shows the CDF curves of error caused by the mismatch between the precoder obtained by partial UL channel and the real precoder based on full DL channel for UEs with one transmit antenna and two receive antennas (1T2R), and the right figure shows the CDF curves of error for UEs with one transmit antenna and four receive antennas (1T4R). The “error” is defined as  
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where 
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 is the wideband/subband eigenvector of the uplink channel from the one transmit antenna, and 
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is the wideband/subband eigenvector of the downlink channel to the two receive antennas. Since only one transmit antennas is equipped, gNB will have to reconstruct a precoder of rank 2 for UE with 1T2R based on SRS with one port, and this rank 2 precoder can be very inaccurate. One way to reconstruct the precoder of rank 2 is to perform EVD to the wideband/subband uplink channel covariance matrix. Therefore, the above 
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 is acquired.
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Figure 2 Error between eigenvectors of UE with (left) 1T2R (right) 1T4R
Observations 1: For rank 2 UE, severe mismatch between eigenvectors of partial UL channel and eigenvectors of  full DL channel can be observed.  
Specifically, it can be seen from Fig.2 that for the precoder of the second rank of rank 2 UE,

1) the error between the subband 
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 and subband 
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can be very large, for both “1T2R” case and “1T4R” case. This is because the uplink channel is a rank one channel, therefore, the second eigenvector of the subband uplink channel covariance matrix is corresponding to an almost zero eigenvalue. Therefore, using subband channel covariance matrix to acquire a precoder of rank 2 will bring severe performance loss for the downlink transmission.

2)  the error between the wideband 
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is small for “1T2R” case, but becomes very large “1T4R” case. Although the error for “1T2R” case is smaller, using wideband precoder for the downlink transmission will also bring severe performance loss, not to mention that the error becomes larger when Tx-Rx becomes more asymmetrical.
3) the error between the subband 
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is small for “1T2R” UE, but large for “1T4R” UE. 
Therefore, the non-PMI feedback scheme will bring performance loss for rank 2 UE, and full CSI is needed at gNB to guarantee performance. In some scenarios like rank 1 UE with “1T2R”, non-PMI may be used. This is because the Tx-Rx asymmetric is not very severe for UEs with “1T2R”, and rank 1 UEs are usually at cell edge or of high mobility, and thus the performance gain by providing a more accurate rank 1 precoder may be smaller than high rank scenario. Therefore, the non-PMI feedback may be used for some scenarios. This can be FFS.

The performance loss of the non-PMI feedback is further shown in Figure 3 in terms of system throughput. The baseline is the non-PMI feedback scheme, where wideband eigenvector is used. The ideal CSI feedback scheme means that the gNB has full DL channel matrix information and thus subband eigenvector is used. Each UE has 1T2R, and gNB has 16 TxRU. Detailed parameters are shown in the Appendix.
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Figure 3 Performance comparison between ideal CSI feedback scheme and non PMI based feedback scheme
Observation 2: Non-PMI feedback scheme has 42.68% loss for average UPT, and 63.47% loss for 5% UPT comparing with ideal CSI feedback.
Therefore, complete CSI need to be acquired at gNB to guarantee performance.
Scheme 2: Transmit switching of SRS transmission
In this scheme, UE transmits SRS from different antenna sets in different OFDM symbols or different subframes. The advantage of the SRS based CSI acquisition is that raw channel matrix without spatial dimension reduction can be obtained. However, several factors need to be considered. 
The first factor is the hardware related issue, like insertion loss and switch transient.  These factors will bring severe CSI inaccuracy. The second factor is the delay introduced by multiple SRS transmission. Channel matrix estimated based on different SRS transmission can be de-correlated and thus the precoder for PDSCH can bring performance loss. 
Scheme 3: Partial CSI feedback 
In this scheme, UE reports partial CSI which can be combined with the CSI obtained from SRS measurement so that gNB acquires full DL CSI. 
Assuming UE has 4 transmit RF chains and 8 receive RF chains, then based on SRS measurement, gNB can acquire channel matrix 
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 which corresponds to the 4 transmit antennas, where 
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is the number of antenna ports at gNB. If gNB transmits DL CSI-RS, then UE can obtain the full DL channel matrix 
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is the channel corresponding to the four non-transmit antennas.
To aid gNB to acquire full DL channel matrix information, one straightforward way is to report the partial matrix 
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 related information, e.g. covariance matrix
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. From the partial matrix feedback and the measured 
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 based on SRS, gNB can obtain the full DL channel matrix information. Since gNB can acquire full DL channel matrix information, the reported CQI should be based on the full DL channel matrix.
However, reporting 
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 related information may not always be the most efficient way for different ranks.. For example, when
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, reporting RI eigenvectors of the full DL channel matrix 
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, leads to less overhead without compromising too much performance, compared with reporting, e.g., four rows of
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 (or covariance matrix). In particularly, as mentioned in scheme 1, the non-PMI feedback scheme may be used for RI=1 for further overhead reduction if UE is of 1T2R.  When
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, reporting 
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 (or covariance matrix) will  has better performance with less overhead. 
Therefore, to aid gNB to acquire the full DL CSI, the reported PMI by UE can represent different contents conditioned on the relationship between RI and 4 for UE with 4T8R. If 
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, the PMI represents partial matrix 
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 related information, and if 
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, the PMI represents eigenvectors of the full DL channel 
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. Thus, it is a rank adaptive PMI feedback scheme.
This scheme is shown in Fig.2 for exemplary, 
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Figure 4 Partial CSI feedback of scheme 3
Compared with the non-PMI feedback scheme, a more accurate precoder for PDSCH transmission can be obtained by gNB. Compared with the antenna port switching for SRS transmission scheme, no large delay and hardware issue is introduced. Compared with the full CSI feedback scheme where RI eigenvectors are always reported, overhead reduction can be achieved when RI is larger than difference between number of Rx chains and number of Tx chains.
Proposal 1: For TDD system with partial reciprocity, partial CSI feedback should be supported for complete CSI acquisition.

Proposal 2: The content of PMI in the partial CSI feedback scheme is dependent on rank, e.g., 

· PMI that represents eigenvectors of the full DL channel for low ranks, and
· PMI that represents covariance matrix or channel vector of the partial DL channel for high rank.
2.2 Fast CSI acquisition for channel with reciprocity
For the above scheme 3 of partial CSI feedback, transmitting of DL CSI-RS and SRS in the same subframe can be beneficial. With DL CSI-RS transmission, UE can estimate the full DL channel matrix
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, and with SRS, gNB can estimate the partial channel matrix 
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 according to channel reciprocity. Thus, the latency between the estimations of 
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 and of 
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 can be greatly reduced, which can improve the accuracy of CSI acquisition. The basic frame structure are shown in Fig.3 (left) for exemplary. 
This basic frame structure can further evolve to what is shown in Fig.3 (right), where CSI is reported in the end of the subframe. This frame structure can be applicable to UE with high capability, or CSI content that requires low computational complexity, like CQI. With this evolved structure, the CSI feedback latency can be reduced, which can further improve the accuracy of CSI and link adaptation for subsequent DL transmission. 
Proposal 3: Transmission of DL CSI-RS and SRS in the same slot for reciprocity based CSI measurement should be supported.

Figure 5. Transmission of DL RS and SRS in the same slot for reciprocity based CSI measurement
3 Simulations

The performance of the proposed partial CSI feedback scheme is shown in Figure 5, where the performance of the non-PMI feedback is provided as baseline. The performance of the ideal CSI scheme is also provided. Each UE is of 1T2R, and gNB has 16TxRU. Other simulation parameters are listed in Appendix.  For each UE, the full DL channel is 
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 is the channel to the one Tx antenna, and can be obtained by gNB from SRS measurement. 
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is the channel to the non-Tx antenna, and is only accessible at UE from CSI-RS measurement. 
Specifically, in our scheme, the primary eigenvector of the full DL channel 
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 is reported along with RI and CQI when RI=1, and covariance matrix of the partial DL channel matrix 
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 is reported in a subband manner when RI=2. For both cases, the CQI is calculated based on the full DL channel 
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 which is available at UE. The reporting of the covariance matrix 
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 is achieved by reporting its primary eigenvector and eigenvalue. For both cases, the eigenvector is reported by using Type II codebook, where
· W1 codebook: L=3 beams for linear combination per polarization,
· W2 codebook:
· Amplitude quantization: 2 bits, subband reporting,
· Phase quantization: 8PSK, subband reporting.
For ideal CSI scheme, the gNB is aware of the full DL channel matrix 
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, and apply subband precoding to UE. For non-PMI feedback scheme, only partial UL channel matrix 
[image: image48.wmf]1

h

 is available at gNB, and gNB applies wideband precoder to UE.
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Figure 5 Performance comparison of the 
Observation 3: Partial CSI feedback scheme brings 36.92% performance gain over non-PMI feedback for average UPT, and 42.8% performance gain for 5% UPT.
4 Conclusions
Observations 1: For rank 2 UE, severe mismatch between eigenvectors of partial UL channel and eigenvectors of full DL channel can be observed.
Observation 2: Non-PMI feedback scheme has 36.8% loss for average UPT, and 80% loss for 5% UPT comparing with ideal CSI feedback.
Observation 3: Partial CSI feedback scheme brings 36.92% performance gain over non-PMI feedback for average UPT, and 42.8% performance gain for 5% UPT.
Proposal 1: For TDD system with partial reciprocity, partial CSI feedback should be supported for complete CSI acquisition.

Proposal 2: The content of PMI in the partial CSI feedback scheme is dependent on rank, e.g., 

· PMI that represents eigenvectors of the full DL channel for low ranks, and

· PMI that represents covariance matrix or channel vector of the partial DL channel for high rank.
Proposal 3: Transmission of DL CSI-RS and SRS in the same slot for reciprocity based CSI measurement should be supported.
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Appendix

	Parameters
	Values

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	2GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMI ISD 200

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); 
(dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configuration
	1RTx, 2Rx, Cross-polarized with 0, 90deg

	Traffic model
	Non-Full buffer, FTP model 1, 500KB packet size

	UE distribution
	80% Indoor, 3km/h, 20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	Maximum 4 retransmissions

	UE receiver type
	MMSE-IRC

	Channel estimation
	Ideal

	MIMO mode
	MU-MIMO with rank adaptation, max rank =2
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