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1. Introduction
[bookmark: _GoBack]In RAN1 #90bis meeting, following agreements regarding CSI reporting were agreed and captured in Chairman’s note as
Agreement:
For NR CSI reporting on PUSCH, Part 2 information bits of partial subbands can be omitted.  
· Support the following priority rule to omit partial Part 2, where the priority level goes from high to low from Box #0 to Box #2N, and the omission granularity is one box in the following picture
· N is the number of CSI reports in one slot
· The CSI report numbers correspond to the order in the CSI report configuration
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· Down-select one of the following Alts for CQI calculation in RAN1#91
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband
Agreement:
· At least for when Type I CSI collides with Type I CSI and Type II CSI collides with Type II CSI
· The following priority order for CSI periodicity types applies
· Aperiodic CSI > P-CSI
· Aperiodic CSI > SP-CSI
· Note: Study further on the priority between SP-CSI and P-CSI
· CSI on PUSCH has priority over CSI on PUCCH
· Only one CSI periodicity type is piggybacked on PUSCH
· Lower priority CSI is dropped when there is a collision
· Aperiodic CSI on PUCCH is dropped if there is a collision with PUSCH
· TBD in RAN1#91 If the above applies for Type I CSI collides with Type II CSI as well

Agreement:
· Adopt the following refined subband sizes:
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4, [8]

	61 – 100
	8, [16]

	101 – 200
	[12], [24]

	201 – 275
	16, [32] 


· The 2nd subband size values in brackets are to be confirmed or refined in RAN1#91 

Also, through the email discussion [90b-NR-14], [90b-NR-15] and [90b-NR-16], following agreements were made as:
Agreement:
· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
· For CSI acquisition, periodic and semi-persistent Resource Settings contain only one CSI-RS Resource set

Agreement:
· For triggering A-CSI on short PUCCH, the scheme(s) are to be decided by control channel and/or scheduling/HARQ session(s) in RAN1#91. 
· Choose at least one from Alt1, Alt2, and Alt3
· In choosing the scheme(s), consider CA (multi-cell) operation as well as transmission of HARQ-ACK and A-CSI in separate TDMed short PUCCH allocations and in a same short PUCCH allocation

Agreement:
· For SP-CSI reporting on PUSCH, detailed scheme(s) are to be decided by UL scheduling section in RAN1 91 including which RNTI to use 
· Strive to align SP-CSI transmission mechanism as much as possible with UL data transmission mechanism
In this contribution, we further discuss remaining details on CSI reporting for NR.

Discussion on CQI calculation
In RAN1#91, following alternatives will be down-selected for CQI calculation when CSI omission is occurred. 
· Alt 1: Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband
In Alt.1, for example, UE can calculate the CQI for (2i+1)-th SB (where i=0,1,2…) using the PMI for the  (2i)-th SB. Therefore, there is no ambiguity between UE and gNB which PMI is used for CQI calculations for all SBs. However, this option may increase UE implementation complexity, since it needs to implement two different hypotheses for CQI calculation according to whether the CSI omission is applied or not. In Alt 2, it is not required extra hypothesis for CQI calculation. However, there is an ambiguity that gNB does not have any information of PMI of (2i+1)-th SB, and thereby there should be CQI mismatch when gNB scheduling (2i+1)-th SB(s). 
To verify the performance impact due to this CQI mismatch, we provide our simulation results in the following. In the simulation, we assume 16-port (2,4,2,16) and 32-port (2,8,2,32) antenna configurations, medium traffic load, and 3D-UMi (4GHz) environment. Also, when data scheduling, gNB assumes that the PMI of (2i)-th SB(s) is used for the PMI of (2i+1)-th SB(s). As shown in the figure 1 and 2, Alt 1 provides marginal performance loss and outperforms Alt 2. More specifically, about 5% and 12% performance gain is shown in terms of mean UE and 5% UE UPT, respectively, in the case of (2,4,2,16), and about 3% and 10% performance gain is shown in terms of mean UE and 5% UE UPT, respectively, in the case of (2,8,2,32). From these observations, we propose support Alt.1 for CQI calculation when CSI omission is occurred.
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Figure 1. Performance comparison for (2,4,2,16) with two CQI calculation options
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Figure 2. Performance comparison for (2,8,2,32) with two CQI calculation options
Proposal 1. Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting.
 
Discussion on subband size
In the RAN1#90bis, it is agreed that a UE can be configured with one out of two subband sizes via RRC signaling, and the remaining issue is determining these two values. Since the agreed values for RBG size are 2, 4, 8 and 16, the subband size of 12 to cover carrier bandwidth part from 101 to 200 PRBs is not preferable due to requiring larger size of bit-map for resource allocation Type 0. Also, for more flexible resource allocation, the subband size needs to be multiple of RBG size as many as possible. 
Proposal 2. Support subband size table below.
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs):
1st value, 2nd value

	24 – 60
	4, 8

	61 – 100
	8, 16

	101 – 275
	16, 32



Remaining issues on UL channel utilization for CSI reporting
In RAN1 NR#3, aperiodic CSI reporting on short PUCCH was agreed to be supported. In addition, there was a proposal to support aperiodic CSI reporting on long PUCCH as well as short PUCCH. In our view, the support of long PUCCH for aperiodic CSI reporting seems not necessary. The use case of using long PUCCH and PUSCH for aperiodic CSI is duplicated and there is no technical benefit of using both options. Someone may argue that we also support both options for semi-persistent CSI. In our view, the support of semi-persistent CSI on PUSCH in addition to semi-persistent CSI on PUCCH was for providing a tool to give more accurate CSI information (i.e. full of type II CSI) regularly to the network. But, the support of aperiodic CSI on long PUCCH in addition to aperiodic CSI on PUSCH has no benefit in terms of signalling overhead and provided CSI resolution. Only benefit is to have more flexible UL resource utilization. In the most cases of using PUCCH based reporting, however, requires small/marginal payload so that the required amount of PUSCH resource will not be so large. In our view, the main use case of using PUCCH for aperiodic reporting is for self-contained CSI reporting (i.e. Y=0) since CSI contents on short PUCCH require relatively short computation time and short PUCCH is located at the end of the slot and spans only one or two symbols. If we limit the use case of short PUCCH for aperiodic CSI only for Y=0 case, that also helps to hugely reduce the UE implementation complexity. For high end UEs having capability of supporting Y=0, both options will be implemented. For low end UEs having no capability of supporting Y=0, they only need to implement aperiodic CSI reporting on PUSCH. 

Proposal 3. Do not support aperiodic CSI reporting on long PUCCH in NR Phase-I.
Proposal 4. Aperiodic CSI reporting on short PUCCH is supported only for the case of Y=0.

Regarding other signalling details for aperiodic CSI reporting on short PUCCH, please find our view in the companion contribution [1]. In short, we think this feature is complementary to the basic feature, i.e. aperiodic CSI reporting on PUSCH, in order to support self-contained reporting more efficiently so that we do not need to over-optimize this feature and Alt2 (the PUCCH resource is high-layer configured, and the CSI reporting is triggered via A-CSI-request field defined in UL-DCI) is sufficient.
For another new feature in NR compared with LTE is the support of semi-persistent CSI reporting on SPS PUSCH. Please find our view on the activation/deactivation signaling for this feature in the companion contribution [2].
In addition, it should be noted that supportable CSI feedback can be different according to the number of PUCCH symbols as well as PUCCH type (i.e. short or long). Short PUCCH can span one or two symbols and long PUCCH can span from 4 symbols up to 12 symbols so that the supportable sets of CSI feedback contents should be defined per time/frequency resource size of PUCCH, i.e. the number of symbols and PRB size especially for long PUCCH. In this regard, conditions on number of PUCCH symbols and/or PRB size should be defined for type I subband CSI reporting on long PUCCH, i.e., PUCCH time duration>X and/or PUCCH PRB size>Y. For wideband CSI reporting on long PUCCH, these conditions may not be necessary. 
Proposal 5. For Type I subband CSI reporting on long PUCCH, supported conditions on the number of PUCCH symbols and/or PRB size should be defined.

Remaining issues on CSI timing
In RAN1 NR#2, it was agreed that aperiodic CSI reporting timing offset Y is indicated by the DCI field defined for K2 indication. The candidate set of values of Y is configured in RRC and restricted conditions for Y need to be defined according to configuration of CSI related settings. For URLLC application, at least one value from Y=0 and Y=1 needs to be supported. Considering UE implementation complexity, subband PMI reporting and wideband PMI reporting with more than 2[or 4] CSI-RS ports should not be allowed for Y=0 and Y=1. The supported set of values of Y would be a UE capability. The restrictive conditions on reporting configuration for small values of Y (e.g. number of CSI-RS ports, no support of subband reporting) can also be a UE capability as well. 
Proposal 6: Support UE capability reporting on supportable values of Y and restrictive conditions on reporting configuration.
For example, UE can report Y={1,2,3,4} as supportable values for a given numerology, and also report Y={1,2} are not supported under these conditions on the reporting setting:
· Subband PMI/CQI
· Wideband PMI with antenna ports larger than 2
Network can configure reporting settings to the UE followed by above capability information. To prevent malfunctioning at the UE side, it would be needed to define a UE behavior as proposed below.
Proposal 7: UE is not expected to be indicated a Y value not included in the supportable value set and not satisfying the conditions for the value reported as UE capability.
Following current agreement, it is more natural to configure the candidate set of values of Y per reporting setting. In this case, all RRC configured values of Y can satisfy the pre-defined restricted conditions. One issue here is that how the DCI field can be interpreted by UE when a PUSCH is used for both UL data and CSI reporting. Assume that RRC configures N values for K2 as {k_1, …, k_N} and N values for Y for a reporting setting {y_1, …, y_N}. If UE is indicated to report aperiodic CSI together with UL data, there is an ambiguity to follow which set of values. One direction to address this issue is to make a rule to generate the DCI table from two sets of values when CSI and UL data are multiplexed (e.g. by overlapped values only). Another direction is to follow one set between the two configured sets. In this case, UE behavior may need to be further defined when the DCI indicated value does not belong to both sets. If UE interprets DCI table from RRC configured K2 values and if DCI indicated value does not belong to the set of values of Y, UE may not be able to have sufficient time for CSI computation so that UE behavior in this case needs to be specified (e.g. transmit dummy information or previously reported CSI). 
Proposal 8: For dynamic PUSCH timing indication when CSI and UL data are multiplexed, support one of the following options:
· Opt1. DCI table is generated from the two RRC configured sets of values, one set for K2 and the other set for Y, respectively. (e.g. overlapped values only)
· Opt2. DCI table is composed of the RRC configured set of values for K2
· Opt3. DCI table is composed of the RRC configured set of values for Y

Conclusion
This contribution further discussed remaining details for CSI reporting. Based on the above discussion, following proposals are given as: 
Proposal 1. Subband CQI for each omitted subband is calculated assuming PMI in the nearest subband(s) with Part 2 reporting.
Proposal 2. Support subband size table below.
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs):
1st value, 2nd value

	24 – 60
	4, 8

	61 – 100
	8, 16

	101 – 275
	16, 32



Proposal 3. Do not support aperiodic CSI reporting on long PUCCH in NR Phase-I.
Proposal 4. Aperiodic CSI reporting on short PUCCH is supported only for the case of Y=0.
Proposal 5. For Type I subband CSI reporting on long PUCCH, supported conditions on the number of PUCCH symbols and/or PRB size should be defined.
Proposal 6: Support UE capability reporting on supportable values of Y and restrictive conditions on reporting configuration.
Proposal 7: UE is not expected to be indicated a Y value not included in the supportable value set and not satisfying the conditions for the value reported as UE capability.
Proposal 8: For dynamic PUSCH timing indication when CSI and UL data are multiplexed, support one of the following options:
· Opt1. DCI table is generated from the two RRC configured sets of values, one set for K2 and the other set for Y, respectively. (e.g. overlapped values only)
· Opt2. DCI table is composed of the RRC configured set of values for K2
· Opt3. DCI table is composed of the RRC configured set of values for Y
Reference
R1-1719920, “Remaining issues on DCI contents and formats”, LG Electronics. 
[2] 	R1-1719932, “Remaining issues on UL data transmission procedure”, LG Electronics.
Annex A: Simulation Parameters and Assumptions
Table A-1. Simulation assumptions 
	Scenarios 
	3D-UMi with ISD = 200m in 4GHz

	BS antenna configurations 
	Antenna elements config: (+/-45), 0.5λ horizontal / 0.8 λ vertical antenna spacing

	MS antenna configurations 
	2 Rx X-pol (0/+90) 

	System bandwidth 
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0 

	Duplex
	FDD

	Network synchronization
	Synchronized

	UE distribution 
	Follows TR36.873

	UE speed
	3km/h

	Polarized antenna modeling 
	Model-2 from TR36.873 

	UE array orientation 
	ΩUT,α uniformly distributed on [0,360] degree, ΩUT,β = 90 degree, ΩUT,γ = 0 degree

	UE antenna pattern 
	Isotropic antenna gain pattern A’(θ’,ф’) = 1 

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU, medium ~50% RU) 

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	CSI-RS, CRS 
	CSI-RS one-to-one mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first TXRU

	Hybrid ARQ 
	Maximum 4 transmissions 

	Feedback
	CQI, PMI and RI reporting triggered per 5ms

	
	Feedback delay is 5 ms 

	Transmission scheme
	MU -MIMO with rank adaptation (no CoMP) 

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB 

	Metrics
	Average UE throughput, 5% UE throughput.
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