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Introduction
In RAN1#90 meeting, following agreements were made on CSI acquisition for channel reciprocity based operation: 
Agreements:
· For non-PMI feedback:
· Alt 1: Port selection codebook is used for CQI calculation for non-PMI feedback
· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry
· FFS other details of the port selection codebook
· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation
· FFS whether this indication can be dynamic using L1/L2 signaling
· Support at least up to 8 CSI-RS ports and 8 layers
· Alt 2: The UE shall assume a codebook for RI and CQI determination where for each rank, R, the codebook contains only one precoder which is the first R columns of an identity matrix
· Alt 3: An existing codebook is used for CQI calculation for non-PMI feedback
· FFS details
· To down-select one of the above alternative in the next meeting
In this contribution we discuss above 3 alternatives and provide system level simulation results comparing alternative 1 and 2.  

Discussion
First, few details on alternative 3 is provided as below:
2. Alt 3: An existing codebook is used for CQI calculation for non-PMI feedback
0. Support at least up to 8 CSI-RS ports and 4 layers
0. Type  I  single panel codebook is used for CQI calculation for non-PMI feedback
0. A single precoder per rank in the codebook is indicated to the UE for CQI calculation
2.  FFS whether L1/L2 signaling and details 
For example, with alternative 3, for example the UE is configured with 8 ports CSI-RS and corresponding codebook. The codebook only contains one precoder for each rank. Depending on computed RI the UE derives CQI and reports to gNB. In this example, the precoders are semi statically configured. Another example could be, the gNB semi statically configures few precoders for each rank through CSR and dynamically indicates one precoder for each rank to assist CQI derivation at the UE.
It was agreed that CQI depends on RI and PMI which are selected from a codebook (potentially with restriction), unless restricted to one precoder per rank gNB still cannot correctly interpret the CQI reported by UE. However, restricting to one precoder per rank may degrade CQI quality, the UE derives CQI assuming preconfigured one precoder but in reality the best precoder maybe different. Alternative 2 falls into this category where the UE assumes a codebook for RI and CQI calculation and the codebook contains only one precoder for each RI value which corresponds to the first R columns of an identity matrix. This is a simple solution however the performance may not be optimal.
Another way to solve this issue is by dynamic precoder indication in downlink signaling for assisting the UE to derive CQI. Alternatives 1 and 3 fall into this category, where gNB uses a predefined codebook (or with restriction) to indicate PMI with or without RI in downlink signaling, then the UE determines CQI based on indicated PMI. gNB can indicate multiple RI candidates and corresponding PMI to the UE, the UE then according to the interference condition in DL determines RI and uses the corresponding indicated PMI to derive CQI. Since gNB doesn’t have knowledge of interference in DL, it may not be in best position to determine RI. In this case, the UE can derive RI based on codebook or subset of codebook defined in the spec. The UE then recommends RI to the gNB, gNB then selects precoder based on recommended RI and channel measured on SRS. The precoder is indicated as PMI in downlink to assist UE to derive CQI. For example, gNB configures 8 ports CSI-RS to a UE and corresponding 8 Tx codebook. The UE derives RI and report to gNB, e.g. rank 2. gNB selects rank 2 precoder which best matches the channel measured in UL and indicates as PMI to the UE for CQI calculation. The UE uses gNB indicated precoder to derive CQI, this can best match the channel quality. Or gNB simply indicates one precoder for each RI values, and the UE calculates CQI based on actual RI value and corresponding precoder. Alternative 3 uses existing codebooks with or without subset restriction, which have been well evaluated. Alternative 1 uses port selection codebook which has to be newly defined. It was claimed that with beamformed CSI-RS, port selection codebook improves accuracy of CQI feedback. However, with realistic simulation assumptions and considering imperfect antenna calibration the performance will be discounted. 
Simulation results
In this section we provide system level simulation results comparing alternative 1 and 2.  In alternative 1, CSI-RS is beamformed according to precoder obtained from measurement on SRS and a port selection codebook is used to dynamically indicate to the UE for CQI calculation. Both scenarios of sub-band and wideband precoder indication are simulated. In alternative 2, CSI-RS is also beamformed similarly as in alternative 1 and a fixed precoder (identity matrix) is used for CQI calculation. gNB dynamically schedules SU/MU with maximum of 8 UEs with maximum of 2 layers each. Detailed simulation assumptions can be found in appendix.
Simulation results are given in table 1 below for both full-buffer and FTP traffic. 
Table 1, Simulation results
	
	Full buffer traffic
	
	FTP traffic

	
	Cell edge user SE (bps/Hz/user)
	Cell edge SE gain
	Average SE (bps/Hz)
	Average SE gain
	
	Cell edge UPT (Mbps)
	Cell edge UPT gain
	Average UPT (Mbps)
	Average UPT gain
	RU

	Alt. 2: Fixed codebook
	0.144
	0.00%
	5.46
	0.00%
	
	10.00
	0.00%
	22.30
	0.00%
	43.86%

	Alt.1: Subband port selection codebook
	0.142
	-1.02%
	5.47
	0.09%
	
	10.36
	3.56%
	22.46
	0.72%
	44.05%

	Alt. 1: wideband port selection codebook
	0.141
	-1.98%
	5.38
	-1.52%
	
	9.97
	-0.36%
	22.19
	-0.46%
	43.50%


It can be seen from the above table that sub-band precoder indication performs slightly better than fixed precoder for CQI calculation in FTP traffic. However, it should be noted that the signaling overhead for subband precoder indication is significant. One reason for such performance of dynamic precoder indication could be due to interference in UL and DL is non-reciprocal. gNB indicated precoder may not be the best from UE perspective for CQI calculation.
Observation: alternative 1 (dynamic indication of port selection codebook for CQI calculation) does not show significant gain over alternative 2 (fixed codebook for CQI calculation) in full buffer and FTP traffic models.
Proposal: considering performance and Rel-15 specification time line, support alt 2 (The UE shall assume a codebook for RI and CQI determination where for each rank, R, the codebook contains only one precoder which is the first R columns of an identity matrix) for CQI calculation in reciprocity based operation.

Conclusions
In this contribution we discussed three alternatives of CQI derivation for reciprocity based operation. We also provided system level simulation results comparing alternative 1 and 2. We have following observation and proposal:
Observation: alternative 1 (dynamic indication of port selection codebook for CQI calculation) does not show significant gain over alternative 2 (fixed codebook for CQI calculation) in full buffer and FTP traffic models.
Proposal: considering performance and Rel-15 specification time line, support alt 2 (The UE shall assume a codebook for RI and CQI determination where for each rank, R, the codebook contains only one precoder which is the first R columns of an identity matrix) for CQI calculation in reciprocity based operation.
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Appendix

Simulation assumptions
	Parameter
	Value

	Antenna configuration
	gNB: (Mg, Ng, M, N, P) = (1, 1, 8, 4, 2)
UE: (Mg, Ng, M, N, P) = (1, 1, 1, 1, 2)
Antenna element distance of gNB:
Horizontal: 0.5λ space

Vertical: 0. 8space

	Scenario
	Dense Urban with macro layer only
ISD = 200m

	Channel model
	3D-UMa according to 36.873

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	4GHz

	UEs per cell
	10 for full buffer

	UE  distribution
	Follows 36.873 3D-UMa

	UE speed
	3km/h

	Traffic model
	FTP model 1; Full buffer

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback periodicity
	5ms

	Feedback delay
	4ms

	CQI feedback granularity
	Wideband or subband with 6PRBs per subband

	RI feedback periodicity
	120ms

	Transmission scheme
	SU/MU dynamic switching, maximum 8 UEs for MU 

	Wrapping  method
	Geographical distance based

	Handover margin
	3 dB
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