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1. Introduction
In RAN1#90bis and the post-meeting email discussion, most of the remaining issues in CSI reporting has been addressed [1]. The open issues to be discussed in CSI reporting agenda item include definition of CSI reference resource and the CSI reporting timing issue considering simultaneous calculation of multiple aperiodic CSI reports. In this contribution, we give our views on these issues. Moreover, we also illustrate our views on higher-rank Type II reporting, e.g., rank 3 and rank 4.
2. CSI report process relaxation  
It has been defined in NR that CSI report timing is the time gap Y between the slot triggering CSI and the slot when the triggered CSI is transmitted. In the current CSI framework, more than one aperiodic CSI reporting settings can be configured, which means various CSI triggers would happen to acquire different CSI types. For example, in hybrid CSI, two CSI triggers would happen for long-term and short-term CSI separately. Another use case is to support dynamic transmission scheme transition, two separate CSI triggers exist for CL CSI and semi-OL CSI. In these use cases, UE may have various numbers of simultaneous CSI calculations to process, and this number can change dynamically. This would bring large computation burden to UE.
As different UE may have different capability to process CSI, the number of simultaneous calculated CSI reports should be a UE capability. The first issue here is to define the number of simultaneous calculated CSI reports in specification. Since the most critical issue here is UE complexity for aperiodic CSI reporting, we can focus on the number of simultaneous calculations for aperiodic CSI. 


Fig. 1 UE processor for multiple  A-CSI reports
Fig. 1 depicts an example of UE processor for multiple A-CSI reports. It can be seen that the trigger of an A-CSI report means an input to the processor. Hence the number of simultaneous calculations can be denoted as n_cal, which is the number of CSI reports that have been triggered but haven’t been transmitted. The maximum number of n_cal at a given time instant should be UE capability, where the minimum time instant for CSI reporting and triggering is one slot. 
Fig. 2 gives an example of how n_cal changes for one UE. In the slot that n_cal is smaller than its maximum number, 
-	n_cal = n_cal + 1 if one CSI triggering happens in this slot
-	n_cal = n_cal - 1 if one CSI report is transmitted in this slot


Fig. 2 An example of n_cal determination for each slot
The next issue is the case that n_cal reaches its maximum number. In this case, UE does not have enough resource to calculate extra CSI. Then the extra triggering of A-CSI does not impact n_cal during the time that n_cal reaches its maximum number. Further, UE is not required to calculate the newly-triggered CSI reports which is triggered during the time it fully uses its process capability.
Proposal 1: Define n_cal as the number of processing CSI reports for a given slot. The initial value of n_cal is 0.
· The maximum value of n_cal, denoted as N_max_cal, is a UE capability.
· If one CSI triggering happens in a certain slot and n_cal < N_max_cal, n_cal = n_cal + 1, and this CSI report is marked as ‘processing CSI’.
· If one CSI triggering happens in a certain slot and n_cal = N_max_cal, this CSI report is marked as ‘extra CSI’. 
· If one ‘processing CSI’ is transmitted in a certain slot, n_cal = n_cal - 1. 
· UE is not required to update ‘extra CSI’. 
3. CSI reference resource
In LTE, CQI is derived based on CSI reference resource and some assumptions on data transmission by UE. UE identifies CSI reference resource based on the timing condition of the associated CSI reporting. Then some parameters used for CSI reporting, e.g., number of symbols in a subframe depending on the reference resource is a special subframe or a normal subframe. On the other hand, UE assumes some other parameters for data transmission, e.g., resources used for PDCCH, number of REs occupied by RS and so on. Moreover, the target BLER of LTE CQI selection is 0.1 for one TB size.
In NR, some new design aspects appear. One critical issue is NR needs to support various types of frame structure. NR would support both slot-based and mini-slot based transmission. For slot-based transmission, number of OFDM symbols per slot is 14, whereas number of symbols per mini-slot can be  2, 4 or 7 symbols. Moreover, even for slot-based transmission, number of available DL symbols can be very variable to support flexible TDD slot structure. If the number of symbols in the reference resource is too few, CQI derived from reference resource cannot reflect preferred MCS and TB size for normal number of symbols per slot, and vice versa. That’s why in LTE, the length of DwPTS should be larger than 7680Ts if the CSI reference resource is a special subframe. One approach to solve this issue in NR is that gNB configures the number of PDSCH symbols per slot to UE for CQI derivation. Then gNB can configure CQI reporting based on its potential requirements for data scheduling.  This makes it decoupled with the number of symbols in CSI reference resource. Moreover, a set of numbers of symbols can be configured to UE in one or more report settings, and DCI is used to trigger one in each aperiodic CQI reporting.
Overhead of RS in CSI reference resource also needs to be taken into account for CQI derivation. In LTE, overhead of CRS, CSI-RS and UE-specific RS depends on transmission mode based on some complex rules lacking flexibility. If we adopt similar approach in NR, more complicated results would be drawn as we have UE-specific configuration on CSI-RS, DMRS and PTRS, and transmission scheme can be transparently and dynamically changed. Further, for DMRS, the frequency and time densities are fixed in LTE, but for NR, they are variable in NR. In particular, time density of DMRS can be variable from 1 to 4 considering different UE speed, whereas frequency density can be 3 or 2 depending on the configuration type of DMRS. These densities impact not only the RE overhead, but also the channel estimation performance which affects BLER and CQI derivation. For example, in high-speed scenarios, assuming 1-symbol DMRS or 4-symbol DMRS would lead to very different BLERs, which leads to  different CQI levels. One simple and flexible approach is that gNB configures overall rate matching patterns to UE for CQI derivation. Multiple configurations are possible in one or more report settings, and gNB can trigger one configuration for aperiodic CSI reporting.
Based on the above analysis, gNB needs to configure rate matching pattern for RS and number of DL symbols per slot to UE as the assumption for CQI derivation. If these parameters are configured independently, the possible number of combinations would be quite large. It would introduce large UE complexity as UE needs to implement all possible combinations. Then joint configuration is a more reasonable approach considering UE complexity, and only a few limited number of parameter combinations are supported for joint configuration. The follow table can be an example for this joint configuration.
Table 1 Joint configuration of parameters for CQI derivation
	Configuration Index
	DMRS pattern
	Number of DL data symbols

	0
	Configuration Type: 1 
Time domain density: 1
	2

	1
	Configuration Type: 1
Time domain density: 1
	5

	2
	Configuration Type: 1
Time domain density: 1
	8

	3
	Configuration Type: 1
Time domain density: 2
	8

	4
	Configuration Type: 1
Time domain density: 1
	12

	5
	Configuration Type: 2
Time domain density: 1
	12

	6
	Configuration Type: 1
Time domain density: 2
	12

	7
	Configuration Type: 1
Time domain density: 4
	12


Proposal 2: Support gNB configuration of at least the following parameters to UE for NR CQI derivation
· RS pattern
· Number of DL symbols per slot
· Limited number of combinations of the above parameters are supported for joint configuration
4. Type II CSI for higher ranks
In current NR design, Type II is supported up to 2 layers. Rank-2 Type II codebook brings large gain for MU-MIMO. On the other hand, since 4Tx commercial UE has become popular, and 12 DMRS ports have been supported in NR for MU, extending current rank-2 codebook to rank-4 is needed. The rationality of supporting higher rank Type II codebook is also verified in [2]. Even it’s not possible due to tight Phase I timeline, it should be supported in Phase II. 
[bookmark: _GoBack]For rank-3 and rank-4 Type II CSI, the most significant issue is overhead. Subband overhead for rank-3 or rank-4 is almost triple or four times of rank 1, i.e., 72 bits or 96 bits per subband. The design of Type II rank-3 and rank-4 should achieve large gain with reduced CSI overhead. Based on the above discussion on partial-subband reporting. It can be observed that partial-subband reporting achieve good performance with reduced CSI overhead. For example, comb-based partial-subband pattern as shown in Fig. 3 is a good candidate.


Fig.3 Comb pattern for partial-subband reporting with Comb size = 2
We evaluate the performance of proposed partial-subband reporting by extending current Type II codebook to support higher rank case. Up to rank-4, 4-beam combination and (SB size, Comb size) = (6, 2) are applied in the simulation. UE is equipped with 4 Rx antenna, FTP service and MU-MIMO model are used. Simulation results are collected in Table III.
Table III. Performance of proposed scheme with higher rank type II codebook
	
	
	RU
	Mean
	Gain
	5%
	Gain

	16Tx
	Legacy
	0.25
	54.39
	0%
	15.81
	0%

	
	Option 1
	0.25
	53.82
	-1.0%
	15.52
	-1.8%

	32Tx
	Legacy
	0.25
	57.57
	0%
	23.05
	0%

	
	Option 1
	0.25
	57.26
	-0.0%
	22.61
	-1.9%


From Table III, we can see that proposed scheme brings extremely marginal loss on the performance, whereas half of suband CSI feedback overhead can be reduced. We can choose larger comb size to further reduce the PMI payload if needed.
Observation: Partial-subband CSI reporting is also a good candidate to support higher rank Type II CSI in NR Phase II.
5. Conclusions
In this contribution, we discuss details on remaining issues of CSI reporting. Based on the above discussion, we have the following observation and proposal.
Proposal 1: Define n_cal as the number of processing CSI reports for a given slot. The initial value of n_cal is 0.
· The maximum value of n_cal, denoted as N_max_cal, is a UE capability.
· If one CSI triggering happens in a certain slot and n_cal < N_max_cal, n_cal = n_cal + 1, and this CSI report is marked as ‘processing CSI’.
· If one CSI triggering happens in a certain slot and n_cal = N_max_cal, this CSI report is marked as ‘extra CSI’. 
· If one ‘processing CSI’ is transmitted in a certain slot, n_cal = n_cal - 1. 
· UE is not required to update ‘extra CSI’. 
Proposal 2: Support gNB configuration of at least the following parameters to UE for NR CQI derivation
· RS pattern
· Number of DL symbols per slot
· Limited number of combinations of the above parameters are supported for joint configuration
Observation: Partial-subband CSI reporting is also a good candidate to support higher rank Type II CSI in NR Phase II.
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Appendix
	System level simulation parameters

	Scenarios
	3D-Umi

	Antenna Spacing
	(dV,dH)=( 0.8λ, 0.5λ)

	Number of UE antenna
	2Rx or 4Rx cross-polarized antenna

	Traffic model
	FTP 1 with packet size 0.5M byte

	OLLA
	Target at 10% BLER

	CSI-RS
	Period is 5 ms and overhead is accounted.  

	Transmission rank
	Adaptation between rank 1~2 or rank 1~4

	SU/MU pre-coding
	BD

	Scheduling
	MU, Proportional fair, 2 UEs, at most 4layers

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	PUSCH Feedback 

	Delay for scheduling and AMC
	6ms

	Receiver
	MMSE-IRC. With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom (Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Feedback Assumption
	
Non-ideal modeling of channel estimation error modeling is used, based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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