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Introduction
In RAN#86, the Rel-17 WID for further enhancements on NR MIMO was approved [1], in which one potential enhancement is for CSI measurement and reporting as shown as follows
	Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead


In this contribution, we provide our views and simulation results for some potential enhancements on CSI measurement and reporting. 
Multi-TRP CSI enhancement
In Rel-15 LTE FeCoMP, NCJT is introduced, where single DCI is used to schedule two sets of PDSCH layers. To achieve accurate CSI measurement, UE can report two sets of RI/PMI/CQI where each set corresponds to one configured CSI-RS resource. When UE computes CSI, it would take into account the interference between two CSI-RS resources. The interference between two CRI indicated CSI-RS resources reflects PDSCH inter-layer interference very well.
---------------------------------------------------------------36.213 [2]---------------------------------------------------------------
If a UE is configured with higher layer parameter FeCoMPCSIEnabled for a CSI process the reported CRI value can take on values 0, 1, 2. For CRI value of 2, then 2 sets of PMI/CQI/RI are reported, one set for each of the configured CSI-RS resources. The combinations of the reported RIs are restricted to the following sets {1,1}, {1,2}, {2,1}, {2,2}, {2,3}, {3,2}, {3,3}, {3,4}, {4,3}, {4,4} where {x,y} indicates RI value of x corresponding to the first CSI-RS resource and RI value of y corresponding to the second CSI-RS resource.
--------------------------------------------------------------------------------------------------------------------------------------------
In NR Rel-16, both single-DCI based and multi-DCI based MTRP transmission schemes are supported, wherein single-DCI based SDM follows the same design principle and use case as Rel-15 LTE NCJT. However, NR Rel-16 does not support the CSI measurement and report scheme mentioned above. Hence the performance of NR NCJT is worse than LTE. 
Therefore, we support CSI enhancement on SDM scheme. That is, for SDM scheme, two sets of CRI/RI/PMI can be supported. Since NR only supports one CW if the total layers are not more than 4, one combined CQI can be supported for the two CSI sets. For CSI calculation of one CSI-RS resource, the interference from another CSI-RS should be considered where RI, PMI and TCI states used by the interference CSI-RS should be taken in to account to reflect real interference as PDSCH. 
Proposal 1: Support LTE liked CSI enhancement for single-DCI based SDM MTRP. 
· For one CSI reporting, support two sets of CRI/RI/PMI.
Especially in FR2, two CSI-RS resources can be from different TRPs as shown in Fig. 1, where UE uses beam 0 and beam 1 to receive CSI-RS resource 0 and resource 1 respectively. For CSI calculation on CSI-RS resource 0 which is for channel measurement, CSI-RS resource 1 is for interference measurement. Beam and precoder used for CSI-RS resource 1 should be considered in order to simulate interference from TRP 1 as the inter-layer interference for SDM PDSCH transmission. Likewise, for CSI calculation on CSI-RS resource 1, CSI-RS resource 0 is interference. Beam and precoder used for CSI-RS resource 0 should be considered. 
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Fig. 1 Multi-TRP CSI measurement
Therefore, SINR for two CSI-RS resources can be derived as follows. 
· 
For CSI-RS resource 0:  
· 
For CSI-RS resource 1:  

wherein bi means beam i, RSi means CSI-RS resource i,  is channel matrix between UE and CSI-RS resource i in the case when UE uses receive beam j, Wi is precoding matrix which will be used by TRP i , and Ii is other interference for CSI-RS resource i. SINRi refers to SINR for CSI-RS resource i. 


In order to acquire the optimal W0, W1, UE needs to calculate channel matrix , . For instance, the optimal W0 and W1 should target to maximize the sum of throughput of TRP0 and TRP1, or maximize the sum of SINRb0 and SINRb1. For SINR0 calculation, the interference part caused by CSI-RS resource 1 should consider the precoding matrix W1. Also, for SINR1 calculation, the interference part caused by CSI-RS resource 0 should consider the precoding matrix W0. 
In summary, based on Proposal 1, UE can calculate interference from the coordinated TRP considering optimal precoder and beam used by the coordinated TRP. However, the real interference estimation cannot be reflected in the CSI measurement if Rel-16 CSI mechanism is not enhanced. During the discussion of Rel-15 LTE FeCoMP, there are system-level evaluation results showing the gain from similar enhancement [4]. Although the simulation assumptions in NR and LTE may not be fully aligned, these results can still give some general guidance. 
CSI enhancement can also be considered for FR2. In FR2, different beams can be transmitted with different beamformed CSI-RS ports from different TRPs. UE can do some combination for these beamformed CSI-RS ports based on Type II port selection codebook. Based on this, gNB can acquire high-resolution CSI for multi-TRP FR2 deployment. To implement this, how to apply Type II port selection codebook in multi-TRP can be further studied.
For other single DCI based MTRP schemes including FDM and TDM schemes, since there is no interference between two TRPs for PDSCHs, Rel-15/16 CSI mechanism for single TRP is sufficient, it is unnecessary to further enhance. 
For Multi-DCI based MTRP, PDSCHs from two TRPs can be overlapped in time and frequency domain in some times. However, as independent scheduling are usually used between two TRPs, separate CSI feedback is sufficient. 
CSI enhancement based on FDD reciprocity
3.1 General procedure
This item assumes partial reciprocity for FDD scenario. gNB can derive angular and delay for multiple paths and use it to assist CSI reporting. In general, the procedure of this FDD reciprocity based CSI reporting is depicted in Fig. 2.
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Fig. 2 FDD reciprocity based CSI acquisition
Consider DL is operated in frequency A, and UL is operated in frequency B, three step are considered in this procedure.
· Step 1: gNB estimates angles and delays in frequency A by SRS in frequency B;
· Step 2: gNB uses the angles and delays to precode CSI-RS in frequency A;
· Step 3: UE measures the CSI-RS and report CSI (e.g., selected “ports” and coefficients) for frequency A.
Specifically, in Step 2, each CSI-RS port is precoded by one pair of SD basis and FD basis. For one CSI-RS tone of one CSI-RS port, the transmitted signal is , where  is an SD basis, f is an element of the FD basis, and s is one element in the CSI-RS sequence. In Step 3, for each CSI-RS port, i.e., each pair of SD basis and FD basis, what UE can observe is the beamformed channel by setting the delay to FD basis 0. UE can do average in frequency domain to decompress the noise, interference and residual delay vectors. Then UE can select the best ports and perform a wideband SVD to derive the coefficients.
3.2 Remaining issues of evaluation methodology
In the offline email discussion [3], the basic framework on SLS methodology has been established. There are some remaining issues to be solved. Our views are given as below.
	Channel model
	Considering following two options of reciprocity model for FDD as a starting point, further discussing and finalizing remaining details of channel modelling methodology for FDD channel reciprocity in RAN1 102e
· Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897
· Opt. 2: The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 
· Note that further modifications/clarifications based on Option 1 or 2 to generate UL channel are not excluded. 


Our interpretation of 38.901 is that it assumes delays and angles of DL and UL are same. The difference between 38.901 and 36.897 falls into the following two factors.
· Whether per-cluster shadowing in cluster power generation for UL and DL is same. 36.897 assumes same per-cluster shadowing, while 38.901 assumes independent generation. 
· Some companies point out that the cluster power impacts the generation of angles. Our understanding on 38.901 is different cluster powers are generated for DL and UL, and DL (or UL) angles are generated based on DL (or UL) cluster powers. Then UL (or DL) uses the same angles and its own cluster powers to generate the channel matrix.
· Whether the random value X_n,m to generate XPR is same for UL and DL. 36.897 assumes same XPR for DL and UL, while 38.901 assume independent generation on X_n,m. In addition, XPR generation in NR channel model (901) is different from LTE (873). In LTE, the random value X is same for all cluster and rays, while NR assumes independent generation for different clusters and rays.
In our view, to assume independent generation of these two random values is more realistic, and it will make the evaluation and potential enhancements more robust.
	Traffic load (Resource utilization)
	· 70% for SU/MU-MIMO with rank adaptation
· 20% for SU-MIMO with rank adaptation
Companies are encouraged to report the MU-MIMO utilization.


The general goal of Type II like enhancements should be use cases with MU transmission. Hence we think even in low load, we should keep MU scheduling possible, and whether MU is used should depend on gNB scheduling decision. Hence we suggest to change the second bullet as “20% for SU-MIMO or SU/MU-MIMO with rank adaptation”. 
	FDD DL/UL calibration error model at gNB
	Further discussing FDD DL/UL calibration error model, e.g. R1-144943, and finalizing associated details in RAN1 102e if need.


We agree with using the model in R1-144943 for DL/UL calibration error. Further, on the detailed distribution of the amplitudes and phases in the diagonal elements of the error matrix, we think 0.35dB for amplitude standard deviation and 2.5 degrees as phase standard deviation are reasonable to reflect the current gNB implementation capability.
Proposal 2: On the remaining issues of CSI enhancement evaluation based on FDD reciprocity
· Channel model: Clarify that angles and delays of UL and DL are same, whereas cluster powers are generated independently for DL and UL.
· Traffic load: Clarify 20% for SU-MIMO or SU/MU-MIMO with rank adaptation.
· Calibration error: Use the model in R1-144943, with 0.35dB for amplitude standard deviation and 2.5 degrees as phase standard deviation.
3.3 Primary evaluation results
To investigate the general performance of this approach, we conduct some primary system-level simulations. Although the simulation assumptions may not be fully aligned with the agreed assumptions in [3], it can still give us some general guidance. 
In this simulation, we use full buffer as the traffic model. Rel-16 port selection codebook with R=2 is used as baseline. For Rel-17 potential enhancement, the number of ports, i.e., pairs of SD and FD basis vectors, used by gNB is determined based on 2K0, and K0 is calculated based on the supported Rel-16 configurations. We simulate 2GHz with 200MHz as the gap between UL and DL. The two settings in Table 3-1 are simulated. R=4 is used for Rel-17 potential enhancement. The other simulation assumptions are given in Table 6-1. The SD and FD basis vectors we use are DFT vectors. Dynamic SU/MU-MIMO with rank 1-4 adaptation is used. 
Table 3-1 Two simulated settings for SLS
	Setting 1
	SCS=30KHz
	BW=72RB
	Subband size = 4
	2K0={20, 40, 60, 72}

	Setting 2
	SCS=30KHz
	BW=144RB
	Subband size = 8
	2K0={20, 40, 60, 72}


The performance-overhead curves are shown in Fig. 3. In the overhead calculation, the Rel-16 two-step approach is used to select the non-zero coefficients.
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(a) Results for setting 1
[image: ]
(b) Results for setting 2
Fig. 3 Primary simulation results for CSI enhancement based on FDD reciprocity
The results show that 
· Compared with Rel-16 eType II codebook, the proposed approach in 3.1 can achieve about 2-5% performance gain with similar overhead. 
· Further, the performance of the proposed approach highly depends on the number of SD-FD pairs selected by gNB. If the number of pairs is not sufficient, the performance can be worse than the best of Rel-16.
· On the other hand, with the same configuration, the maximum overhead of the proposed approach is also smaller than Rel-16 eType II. 
· In addition, as explained in section 3.1, the derivation of the coefficients only requires one wide-band SVD. It does not need to perform SVD for each subband as in Rel-16. The UE processing complexity can be lower.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhance CSI measurement and reporting for MTRP and FDD reciprocity.
Proposal 1: Support LTE liked CSI enhancement for single-DCI based SDM MTRP. 
· For one CSI reporting, support two sets of CRI/RI/PMI.
Proposal 2: On the remaining issues of CSI enhancement evaluation based on FDD reciprocity
· Channel model: Clarify that angles and delays of UL and DL are same, whereas cluster powers are generated independently for DL and UL.
· [bookmark: _GoBack]Traffic load: Clarify 20% for SU-MIMO or SU/MU-MIMO with rank adaptation.
· Calibration error: Use the model in R1-144943, with 0.35dB for amplitude standard deviation and 2.5 degrees as phase standard deviation.
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Appendix
Table 6-1 SLS assumptions for CSI based on FDD reciprocity
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban 

	Frequency Range
	2GHz with duplexing gap of 200MHz between DL and UL, 

	Inter-BS distance
	200m 

	Channel model
	The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897

	Antenna setup and port layouts at gNB
	(8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2


	BS Tx power 
	44 dBm for 72 RBs, 44dBm for 144RBs

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	30kHz 

	Simulation bandwidth 
	72 RBs, 144RBs

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	The maximum number of MU layers is 8

	CSI feedback 
	CSI feedback periodicity: 5 ms, 
Scheduling delay: 4 ms

	Overhead 
	2 OFDM symbols for PDCCH，type 1 for DMRS(24 REs/PRB/slot)
Rel-16: 32 ports/RB for CSI-RS per 5ms 
Rel-17: 2K0 port/RB for CSI-RS per 5ms

	Traffic model
	FB

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead 

	SRS modeling for UL channel estimation
	5ms SRS periodicity 

	FDD DL/UL calibration error model at gNB
	No calibration error




7

image2.wmf
0

1

1

1

1

0

1

0

1

0

0

0

0

0

I

W

H

W

H

W

H

W

H

SINR

b

RS

b

RS

b

RS

b

RS

+

+

+

=


oleObject1.bin

image3.wmf
1

0

1

0

0

0

0

1

1

1

1

0

1

1

I

W

H

W

H

W

H

W

H

SINR

b

RS

b

RS

b

RS

b

RS

+

+

+

=


oleObject2.bin

image4.wmf
bj

RSi

H


oleObject3.bin

image5.wmf
0

1

0

0

,

b

RS

b

RS

H

H


oleObject4.bin

image6.wmf
1

0

1

1

,

b

RS

b

RS

H

H


oleObject5.bin

image7.png
SRS

CSI-RS: {Beam}, {FD basis}

Report “port” selection and coefficients




image8.png
Relative Avg. UPT (%)

=
o
[o5)

=
o
o))

-
=3
X

=
o
N

100

SCS 30kHz, BWP 72 RBs, Subsize 4 RBs

7 PRl
/// //
A £
L
L N
* v
A -»-Rel-16 PS,R=2
& -+-Rel-17 PS,2K0 ports/RB,R=4
200 300 400 500 600 700

Rank-4 Overhead (bit)




image9.png
=
o
[*5)

Relative Avg. UPT (%)
=
[o)]

100

104

102 ¢

SCS 30kHz, BWP 144 RBs, Subsize 8 RBs

A
r
Y o
/,/ 2
o %3

b A -=-Rel-16 PS,R=2

Pl -+-Rel-17 PS,2K0 ports/RB,R=4
200 300 400 500 600 700

Rank-4 Overhead (bit)




image1.jpeg
TRP 1

TRP O

beam 1

beam 0





