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Introduction
In this contribution, below open issues were discussed:
· CSI-RS reporting configuration for FR2 test cases
· Test case design for measurement restriction
Discussion
CSI-RS configuration periodicity and offset
CSI-RS reporting configuration for FR2 test cases
In last RAN4 meeting, such agreements reached for CSI reporting configurations:
	· CSI-RS resource/CSI reporting  periodicity slot offset for periodic CSI reporting
· FR1 FDD 15kHz:  5/1
· FR1 TDD 30kHz: 
· Option 1: 10/1
· FR2 TDD 120kHz:
· Option 1:  16/1
· Option 2:  8/1
· Minimum CSI delay for periodic CSI: 8ms 
· CSI-RS resource/CSI reporting  interval and slot offset for aperiodic CSI reporting
· FR1 FDD 15kHz: 3/1 with total CSI delay [8] slots 
· FR1 TDD 30kHz: 10/1 with total CSI delay [12] slots
· FR2 TDD 120kHz: 12/1 with total CSI delay  [27] slots 
· CSI reporting and CSI-RS resources Type for fading CQI test cases and RI test cases of FR2
· Option 1: Periodic (previous meeting agreements)
· Option 2: aperiodic  (baseline)
· Companies are encouraged to bring analysis for above options considering different CSI delay assumptions for periodic and aperiodic CSI reporting types



For fading CQI test cases and RI test cases in FR2, two options list for CSI reporting type with different minimum CSI delay (delay between the Reference CSI Slot for CQI estimation and the first scheduled DL Slot according to reported CSI :
· Option 1: periodic with minimum CSI delay 64 slots (8ms)
· Option 2: aperiodic with minimum CSI delay 27 slots
In our companion papers, we evaluated performance under TDL_A 75Hz for wideband CQI in FR2 with different options: 
·  Option 1: periodic with minimum CSI delay 64 slots (8ms)
·  Option 2: aperiodic with minimum CSI delay 27 slots, reporting interval 12 slots
As show in figure 1 below, relative throughput between following CQI and median CQI:
[image: ]
Figure 1: TP ratio of FR2 wideband CQI
[bookmark: OLE_LINK12]Observation 1: For FR2 wideband CQI test cases, current CSI reporting delay not feasible to introduce test cases:
· Under the assumption: periodic CSI with minimum 64 slots (8ms) CSI delay, no performance gain with following CQI. 
· Under the assumption: aperiodic CSI with minimum 27(3.375 ms) slots CSI delay, no performance gain or even worse than with median CQI transmission
For PMI test cases, similar observation was found:
Observation2: For FR2 PMI test case, current CSI reporting delay not feasible to introduce test cases. 
The time domain correlation of Rayleigh channel pending on maximum Doppler shift, assuming ACF equals to 0.5 in time domain, the time delay following below equation:

With 75Hz maximum Doppler shift, delta_T approximately equals to 2.4 ms which is less than minimum processing delay assumption for aperiodic CSI.
Observation 3: With current test configuration for FR2 test cases, lack of channel correlation among estimated CSI slots and scheduling PDSCH slots with corresponding reported CSI.
Two candidate ways to improve channel correlation between estimated CSI slots and scheduling PDSCH slots with corresponding reported CSI:
· Option 1: Revising Doppler shift i.e. from 75Hz to 35Hz
· Option 2: Reducing minimum CSI process delay
As captured in TS38.214 table 5.4-1 and 5.4-2 for aperiodic CSI reporting of minimum CSI reporting, for the case where CSI reporting multiplexed with ACK/NAK, (Z2,Z’2) in table 2 will be applied. Considering agreed TDD DL-UL pattern, UL resources limited, CSI reporting multiplexed with ACK/NACK is unavoided. Current CSI process delay was calculated using (Z2, Z’2) in table 2. In order to minimize CSI process delay, another way we try to schedule ACK/NACK and CSI feedback in different uplink Slots.
As show in figure below:
· ACK/NACK feedback in uplink slot 3 with 8 slots interval,K1 = 15,14, 11,10
· CSI feedback in uplink slot 7 with 8 slots interval, slot offset =5
With this configuration, minimum CSI delay can follow table 1, with minimum CSI delay as 10 slots 
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Table 5.4-1: CSI computation delay requirement 1
	

	Z1 [symbols]

	
	Z1
	Z'1

	0
	[9 or 10]
	[7 or 8]

	1
	13
	11

	2
	25
	21

	3
	43
	36


Table 5.4-2: CSI computation delay requirement 2
	

	Z1 [symbols]
	Z2 [symbols]

	
	Z1
	Z'1
	Z2
	Z'2

	0
	22
	16
	40
	37

	1
	33
	30
	72
	69

	2
	44
	42
	141
	140

	3
	97
	85
	152
	140


In below tables, we compared performance for FR2 wideband CQI test cases with 3 cases
· Case1: TDL-A 75Hz, aperiodic CSI with minimum CSI delay 27 slots
· Case2: TDL-A 35Hz, aperiodic CSI with minimum CSI delay as 27 slots 
· Case3: TDL-A 75Hz, aperiodic CSI with minimum CSI delay as 10 slots 
[image: ]
Figure 2: TP ratio of FR2 wideband CQI with different CSI delay
From simulation results, both two options can improve performance for following CQI.
Proposal1: In order to minimize CSI reporting delay, using aperiodic CSI reporting for FR2 fading CQI test cases, RI test cases and PMI test cases.
Proposal2: In order to improve the channel correlation between CSI estimated slots and corresponding scheduled PDSCH slots with reported CSI, two alternatives can be considered:
· Option 1: reduce Doppler shift for FR2 CSI test cases i.e. 35Hz
· Option 2: Minimum CSI delay by separate UL slots for ACK/NACK and CSI reporting 
CSI-RS resource interval configurations for aperiodic CSI
In last RAN4 meeting, we agreed using below configurations:
"
•       CSI-RS resource/CSI reporting interval and slot offset for aperiodic CSI reporting
–      FR1 FDD 15 kHz: 3/1 with total CSI delay [8]slots 
–      FR1 TDD 30 kHz: 5/1 with total CSI delay [12] slots
–      FR2 TDD 120 kHz: 12/1 with total CSI delay [27] slots 
"
With this configuration, CSI-RS resouces interval configurations are not aligned with number of slots per frame i.e. number of slots per frame cannot be divided by CSI-RS interval.  With this configuration, it's hard to configure FRC per frame for PMI test cases, as number of CSI-RS slots in each frame is not unique.
We proposed to use below configurations:
· FR1 15kHz : from 3 to 5 slots as interval 
· FR1 30kHz: keep orginal one as 5 slots 
· FR2 120kHz:from 12 to 8 slots  as interval
With above modification, we can simplify FRC definition for aperiodic CSI test cases meanwhile CSI reporting delay still can be maintained.
Proposal 3: Using below CSI interval for aperiodic CSI reporting in FR2:
· FR1 15kHz : 5 slots as interval 
· FR1 30kHz: 5 slots as interval
· FR2 120kHz: 8 slots as interval
CSI test design for Measurement restriction
In Rel-13, channel measurement restriction test case has been introduced for TM9 static CQI test cases and an interference measurement test case was introduced under TM10 static CQI test.
For NR, basic test case design in LTE can be reused:
· Test Set-up for Channel measurement restriction test
· Adjusting transmitted power in even CSI-RS sub-frames, Transmitted power  imbalance between even CSI-RS sub-frames and other sub-frames is TBD
· Scheduled PDSCH will skip even CSI-RS sub-frame
· CQI reported based on odd CSI-RS sub-frames


· Test Set-up for Interference measurement restriction test:
· Adjusting TP2 transmission power in even CSI-RS/CSI-IM sub-frames, transmitted power  imbalance between even CSI-RS sub-frames and other sub-frames (for TP2) is TBD
· Scheduled PDSCH will skip even CSI-RS sub-frames
· CQI reported based on odd CSI-RS sub-frames


Conclusion
In this contribution, below open issues were discussed:
· CSI-RS reporting configuration for FR2 test cases
· Test case design for measurement restriction
Observation 1: For FR2 wideband CQI test cases, current CSI reporting delay not feasible to introduce test cases:
· Under the assumption of periodic CSI with minimum 64 slots (8ms) CSI delay, no performance gain with following CQI. 
· Under the assumption of aperiodic CSI with minimum 27(3.375 ms) slots CSI delay, no performance gain or even worse than with median CQI transmission
Observation2: For FR2 PMI test case, current CSI reporting delay not feasible to introduce test cases. 
Observation 3: With current test configuration for FR2 test cases, lack of channel correlation among estimated CSI slots and scheduling PDSCH slots with corresponding reported CSI.
Proposal1: In order to minimize CSI reporting delay, using aperiodic CSI reporting for FR2 fading CQI test cases, RI test cases and PMI test cases.
Proposal2: In order to improve the channel correlation between CSI estimated slots and corresponding scheduled PDSCH slots with reported CSI, two alternatives can be considered:
· Option 1: reduce Doppler shift for FR2 CSI test cases i.e. 35Hz
· Option 2: Minimum CSI delay by separate UL slots for ACK/NACK and CSI reporting 
Proposal 3: Using below CSI interval for aperiodic CSI reporting in FR2:
· FR1 15kHz : 5 slots as interval 
· FR1 30kHz: 5 slots as interval
· FR2 120kHz: 8 slots as interval
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