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1. Introduction
In RAN1 #88bis, the following agreements were reached:
Agreements:
· At least for full channel reciprocity, support at least the following CSI acquisition scheme based on channel reciprocity in NR 
· Non-PMI feedback
· CSI contains RI and CQI
· CQI depends on RI and PMI which are selected from a codebook (potentially with restriction) but PMI is not fed back.
· FFS UE may also calculate RI and CQI directly with estimated channel, FFS spec impact 
· FFS codebook details, including how to signal
· FFS other schemes (e.g., explicit interference feedback, etc.)

Agreements:
· For the case of non-ideal channel reciprocity (e.g., less Tx ports than Rx ports at UE), study and evaluate at least the following candidate schemes
· Scheme 1 (Baseline for performance comparison): Non-PMI feedback
· Each company states the assumed scheme for non-PMI feedback
· Scheme 2: Partial CSI feedback for gNB to acquire full CSI 
· Partial CSI is the information of the partial DL channel (e.g. partial DL channel vector/matrix or partial DL channel covariance matrix) with no reciprocal UL transmission due to the absence of Tx ports corresponding to the Rx ports at UE
· Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including CQI, RI and PMI
· For beamformed CSI-RS, precoding matrix is determined from CSI available at base station from SRS transmission
· PMI could be for a linear combination codebook
· Scheme 4: SRS switching
· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching
· Taking into account practical impairments in implementation (e.g., PLL accuracy, insertion loss, power imbalance, etc.)
· Scheme 5: Non-uniform beam sampling on codebook
· Configure different spatial resolutions in different spatial domain by CSR
· Combination of the above schemes can be considered
· Note: both performance and overhead should be considered when comparing the above schemes
· Simulation parameters are provided on slide 4 of R1-1706809 with the following update
· Adding “2Tx2Rx” to “UE antenna configuration”
· Change “2GHz” to “4GHz” in “Carrier frequency”
· Companies describe the assumed UL-DL calibration model, striving for a common model
· Companies are encouraged to provide the simulation results in next meeting

[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this contribution, we provide our views on CSI acquisition for reciprocity based operation.   


2. Schemes for partial CSI feedback
In this contribution, we consider CSI acquisition aided by partial CSI from SRS transmission. In general, hybrid CSI can be considered in this setup. The partial CSI provided by SRS transmission can be put to good use.

We consider a 2D antenna array at base station with antennas divided into two groups according to polarization. In the example below, with 8 pairs of cross-pol antennas at base station: 

	
antennas 1-8 form one group, and antennas 9-16 form another group.

2.1 1Tx and 2 Rx at UE

At UE side, first we assume a pair of cross pol antennas is  is used. The receiver model is given by


	










where  is , and , a  matrix, is the channel response between UE antenna 1 and base station antennas 1-8, , a  matrix, is the channel response between UE antenna 1 and base station antennas 9-16, , a  matrix, is the channel response between UE antenna 2 and base station antennas 1-8, , a  matrix, is the channel response between UE antenna 2 and base station antennas 9-16.






From SRS transmission at UE antenna 1,  and  are approximately known at the base station. Assume , where  is the Hermitian operator. Accumulating over multiple tones in the frequency domain can be used to obtain a wideband or subband , the subscript “1” signifies the covariance matrix is derived from SRS transmission of UE Tx antenna 1. 








Note that the base station can accumulate over time, e.g. over two or more SRS transmission occassions with moving average. Assume a low UE speed at 3 Km/Hr, in 60 millisconds, the displacement of UE Tx antenna 1 is about half-a wavelength at a carrier frequency of 3 GHz. A timing domain sampling of the spatial channel can be utilized for a spatial sampling of the spatial channel. If the UE antenna configuration is aligned with UE’s moving direction (e.g. the UE antennas are , and antennas  are spaced half-wavelength away from , and are in parallel with UE’s moving direction) a good approximation from samplings in the time domain from one UE antenna can be used to reveal the spatial channel properties between itself and other UE antennas and base station antennas. In another word, if  is accumulated over time, then it may actually contains contribution from UE antenna 3 in the example. Of course, when the UE antenna configuration is not aligned with the UE’s moving direction, the accumulation over time for may not include a completely faithful representation of UE antenna 3. 

We note Tx antenna switching (scheme 4) can be used to send SRS from different UE antennas. Tx antenna switching & accumulation over time can jointly provide complete information on the channel response, though insertion loss due to antenna switch cannot be ignored. 


From the previous discusison, it may not not necessary to perofrm SRS transmissions from all UE antennas as some information is provided through accmulation over time, rather using some representive UE antennas (e.g. Antennas 1 & 2 with the antenna configuration ) may be adequate. Hence SRS antenna port selection over time can be optimized also.  



Once is obtained through single shot observation or accumulation over time and/or antenna switching, an eigenvector decomposition on  can be perfomed at the base station:

	






where  is a diagonal matrix with descending eigenvalues at the diagonals,  is a unitary matrix and ,  is  vector, . 

As there are only two antennas at the UE, from CSI acquisition’s point of view, the base station needs to acquire the knowledge to decide whether rank 1 or rank 2 is preferred for DL data transmission. To achieve that, in one example, the following construction for precoding 

P= 

for a 2 port CSI-RS vritualization.


On the UE side, over the virtualized CSI-RS ports, the UE performs CSI measurement and reporting according to a reduced rank codebook (over the virtualized antenna ports (2 ports or 4 ports) instead of all the antenna ports at base station (16 ports in this example). For the reduced rank codebook, a linear combination codebook, Class-A W2 part in general, Class-B codebook with beam selection as introduced for Class-B at  as in Rel-13, or the legacy LTE Rel-8 2/4 Tx codebook,  can be considered. Along with rank indication, PMI and the CQI can be calculated according to interference experienced at the UE.  

In summary, the SRS transmission either with or without Tx antenna switching is used to reveal beam structure or a beam basis/basis vectors at the base station, and to construct a precoder for CSI-RS antenna virtualization. Note as potential the precoding process has to be conducted for many UEs, aperiodic CSI-RS or CSI-RS use from a shared pool can be used. The second stage CSI feedback based on beamformed CSI-RS provides accurate CSI that reduces the impact of reciprocity calibration.


We can also consider another approach, the partial channel information in  can be used to identify a main beam between the base station to the UE, for example through correlation with all the codewords in the codebook (e.g., Class-A codebook from Rel-13). For example, through performing correlation between  and codewords in a Class-A codebook, the codeword with the strongest correlation with  is found, and its composing beam(s) is/are identified.

If there is an one-to-one mapping between an identified beam and a corresponding beam group in the codebook, then beams from that beam group can be used for CSI-RS antenna port virtualization. This is similar to what is considered in the previous approach. The difference lies in the previous approach one constructs a codebook according to channel observation directly via obtained eigen decomposition, here the channel observation is mapped into a set of basis vectors and then the identified set of basis vectors is used to build the precoder with a structure similar to the beam group defined in Rel-13 FD-MIMO codebooks.

From the above procedure, we basically assume a low rank precoder acquired from partial CSI information can be used as an indicator for a higher rank precoder. From that, retaining the nested property of precoders, i.e. a low rank precoder is contained as a scaled version of a high rank precoder with column selection, is still desirable in the codebook construction.

We have 
Proposal 1: Consider CSI acquisition with partial CSI in Type I/II CSI discussion.


2.2 System-level evaluation
We perform system-level simulation to evaluate Scheme 3 with partial channel reciprocity and compare it with the case where full channel reciprocity is available. The case with 1T2R and the precoder for beamformed CSI-RS presented in previous section are considered. Base-station is equipped with 16 Tx elements. We assume precoder on beamformed CSI-RS is the same for each subband, although it may be not necessary for scenarios with channel reciprocity. Detailed simulation parameters are listed in Appendix.

For the case with only two beamformed CSI-RS ports, we directly follow the agreement made in RAN1#89 for Type I single panel [1]:
· For 2 ports, NR supports the following Type I codebook
·  for rank-1 and  for rank-2.
Thus, only 2 bits per subband are required for PMI reporting. 

Following approaches for CSI acquisition were evaluated:
1) Full channel reciprocity + non-PMI feedback: this is treated as baseline for comparison. 
2) (Scheme 3) Partial channel reciprocity + 2-port beamformed CSI-RS (as stated in previous section) with RI/PMI/CQI feedback
3) 16-port non-precoded CSI-RS with RI/PMI/CQI feedback (following agreed NR codebook with L=1)
Results are summarized in tables below:
	
	Mean UPT (bps/Hz)
	Gain
	5%ile-UPT
(bps/Hz)
	Gain

	Full channel reciprocity
	3.133
	-
	1.178
	-

	Scheme-3
	3.067
	-2.11%
	0.948
	-19.52%

	Non-precoded CSI-RS
	3.175
	1.34%
	1.061
	-9.93%


Table 1 Performance evaluation with RU~=20%

	
	Mean UPT (bps/Hz)
	Gain
	5%ile-UPT
(bps/Hz)
	Gain

	Full channel reciprocity
	2.182
	-
	0.521
	-

	Scheme-3
	2.023
	-7.29%
	0.475
	-8.83%

	Non-precoded CSI-RS
	2.057
	-5.73%
	0.481
	-7.68%


Table 2 Performance evaluation with RU~=50%

Observation 1: Scheme 3 shows almost no degradation in terms of mean UPT for both RU=20% and RU=50%. 
Observation 2: Cell-edge (5%) UPT is degraded by 19% for RU=20% and 9% for RU=50%.
Based on the observation, we conclude that Hybrid CSI feedback is beneficial in scenarios where only partial channel reciprocity is available.
In RAN1#89, we also achieved this agreement [1]:
· Codebook for beamformed CSI-RS:
· Reuse of  amplitude and co-phasing from Type II SP with  configured to enable port subset selection
Agreements made in RAN1#89 imply that dual-codebook W1W2 structure is supported for ≥ 4 ports but is not for 2 ports for Type I single panel. Currently it is still not clear how Type I or Type II codebook is supported for the scenario with two beamformed CSI-RS ports. Thus we have the following proposal:
Proposal 2: NR supports Type I SP codebook for 2 ports to be the codebook for beamformed CSI-RS with two ports.


3. [bookmark: _Toc474161178]Conclusion
In this contribution, we provide our views on CSI acquisition with partial CSI. We have 
Proposal 1: Consider CSI acquisition with partial CSI in Type I/II CSI discussion.
Proposal 2: NR supports Type I SP codebook for 2 ports to be the codebook for beamformed CSI-RS with two ports.
[bookmark: _GoBack]
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Appendix: Simulation Parameters
	Parameters
	Values

	Duplex mode
	TDD

	Carrier frequency
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	3D UMI

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1); (dH, dV) = (0.8, 0.5)λ

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


	UE antenna configuration
	1Tx2Rx Cross-polarized with 0, 90deg

	Traffic model
	Non-Full buffer, FTP model 1, 0.5MB packet size

	UE distribution
	80% Indoor, 20% Outdoor

	HARQ scheme
	No HARQ

	UE receiver type
	MMSE-IRC

	UL-DL calibration
	Amplitude error ~ U [-1, 1] dB, phase error ~ U[-π/12, π/12]

	MIMO mode
	SU-MIMO with rank adaptation
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