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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]At the previous meeting [1-4], it is agreed that:
	
	Periodic CSI 
(P-CSI)
	Semi-persistent CSI 
(SP-CSI)
	Aperiodic CSI 
(A-CSI)

	Frequency granularity
	Wideband or partial band
	Wideband, partial band, or subband 
	Wideband, partial band, or subband 

	Codebook(s) and conditions
	Type I CSI
· Short PUCCH
· Long PUCCH

	Type I CSI
· Short/long PUCCH
· PUSCH
Type II CSI
· Long PUCCH (only part 1)
· PUSCH
	Type I CSI
· Short PUCCH
· PUSCH
Type II CSI
· PUSCH




Remaining issues for CSI reporting
The following remaining issues require to be addressed in CSI reporting:
1. Remaining issue in encoding of type I and type II CSI.
· Type I CSI encoding on PUSCH.
· PMI assumption for the omitted subbands when CQI calculation.
· The condition when CSI should be dropped.
2. CSI reporting periodicities for P/SP-CSI and its indication.
3. Triggering mechanism and triggering offsets for A-CSI.
4. Activation and deactivation mechanism for SP-CSI.
5. Subband size for CSI reporting.
6. Indication of CSI measurement assumption
7. CSI collision rule.
The issues of #3 and #4 are discussed in our companion contribution [5], and this contribution discusses the other issues.
Encoding of Type I and Type II CSI parameters
Type I CSI had been supported on short PUCCH, long PUCCH and PUSCH. On PUSCH, two part encoding is agreed [2]. 
	For PUSCH:
· For Type I: only single-slot reporting
· A CSI report is composed of up to 2 parts
· Part 1: RI/CRI, CQI for the 1st CW
· FFS: if only wideband CQI is used for the first part 
· Part 2: PMI, CQI for the 2nd CW (when RI>4)



For part 1, RI/CRI, CQI for the 1st CW are jointly encoded. Whether only wideband CQI is used for the first part is to be decided. For part 2, PMI, CQI for the 2nd CW (when RI>4) are jointly encoded. If wideband CQI only in the first part is supported, the subband CQI for the 1st CW should be encoded in the second part if subband CQI reporting is configured.
Generally, the first part has higher priority and should have higher coding efficiency, and then the payload size for the first part should be considerable small as much as possible.
Proposal 1: For Type I CSI reporting on PUSCH, only wideband CQI for the 1st CW should be included in the first part.
CSI dropping rule for Type II reporting is agreed [4]. 
	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
[image: ]
· Down-select one of the following Alts for CQI calculation in RAN1#91
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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



When omitting CSI parameters of at least one box, a proper PMI assumption for the omitted subband(s) need to be specified. This PMI assumption is essential to compute appropriate feedback subband CQI for omitted subband(s) and two options are proposed: 
· 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
For Alt 2, subband CQI for the omitted subbands is calculated assuming the PMI in this subband while the PMI in this subband would be dropped and would not be known by gNB. A gNB side, gNB would autonomously choose a PMI for the omitted subband, which would lead to a mismatch in PMI and corresponding mismatch in CQI/MCS.
For Alt 1, the PMI of each omitted subband is assumed as same as the PMI of the nearest non-omitted subband in frequency. Such operation would make gNB easily recover the assumed PMI(s) for omitted subband(s) used in CSI reporting and avoid the aforementioned mismatch issue of choosing precoder(s)/MCS when scheduling. In this way, the scheduling performance is guaranteed.
Simulation are evaluated and the throughput with two alternatives are depicted in Fig. 1~ Fig. 2. The simulation parameters are listed in Appendix. It shows from the simulation results that the mismatch in CQI would lead to a significant performance loss.
Proposal 2: Support Alt 1 for PMI assumption in the omitted subband.


[bookmark: _GoBack][image: C:\Users\j00382657\AppData\Roaming\eSpace_Desktop\UserData\j00382657\imagefiles\308CDC95-0D28-4178-ABA8-CC586A748636.png]
Figure 1 The Performance difference between the two alternatives under CDL-A 300 channel.
[image: C:\Users\j00382657\AppData\Roaming\eSpace_Desktop\UserData\j00382657\imagefiles\4AF730A1-EA5C-4249-8720-60B727BE04A9.png]
Figure 2 The Performance difference between the two alternatives under CDL-A 1000 channel.
	Agreement:
A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
· Above applies at least for the case where SS block and CSI-RS are spatially QCL-ed, FFS for multi-panel UEs. 
· FFS: If non-QCLed, study UE’s behavior
· Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 
· Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS. Down select following alternatives:
· Alt.1 Above applies for the cases: CSI-RS used for beam management and CSI acquisition
· Alt.2 Above applies for the cases: CSI-RS only used for CSI acquisition
· Alt.3 Above applies for the cases: CSI-RS only used for beam management


It has been agreed that CSI-RS and SS-block/CORESET can be FDMed. This puncturing-like effect on CSI-RS will have impact on CSI reporting, since the subband CSI based on the SS-block bandwidth are invalid. When CSI-RS is punctured by SSB/CORESET and the CSI omitting mechanism is used due to insufficient PUSCH resource allocation, the current priority rule for CSI part 2 should be modified to avoid a waste of PUSCH resource due to the invalid subband CSI reporting. Thus, CSI report with more valid subband CSI should have higher priority than CSI report with less invalid subband CSI. 
Thus, the priority rule of priority rule to omit partial part 2 should be modified as:
	Box #0
Part 2 WB CSI for CSI report #1
…
Part 2 WB CSI for CSI report #2
	Box #1
Part 2 SB CSI of even SBs for CSI report # i_1 with  the most valid SB CSI
	Box #2
Part 2 SB CSI of odd SBs for CSI report # i_1 with  the most valid SB CSI
	……
	Box #1
Part 2 SB CSI of even SBs for CSI report # i_N with  the most valid SB CSI
	Box #2N
Part 2 SB CSI of odd SBs for CSI report # i_N with  the most valid SB CSI
	Box #2N+1
Part 2 SB CSI of invalid SB CSI for all CSI report

	
	



	
	
	
	
	
	

	High priority
	
	
	
	
	
	Low priority


Figure 3 Modified priority rule considering CSI-RS punctured by SSB/CORESET.
For each CSI report, the order of even SB box and odd SB box can also be adjusted according to the number of valid SB CSI. Thus, we have the following proposal:
Proposal 3: Adopt the modified priority rule shown in Figure 3 to omit Part 2 CSI for the case of puncturing CSI-RS.
For UCI multiplexing on PUSCH, it was agreed that [4]:
	Agreements:
· For dynamically scheduled PUSCH transmission, a plurality sets of  beta_offset values can be configured by RRC signalling, and PDCCH can dynamically indicate an index to a set. 
· Each set contains a plurality of entries, each corresponding a respective UCI type (including two-part CSI when applicable) 
· FFS the case when the index is not present in DCI
· The beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE


Another issue is to define the condition for UE to omit partial part 2 CSI. In LTE, the amount of REs for each CSI parameter is determined based on beta_offset and payload size of UL-SCH, and upper bounded by the available REs after subtracting the REs for RI/CRI from all REs of the PUSCH. This upper bound design indicates that all REs of the PUSCH can be used for CSI transmission, and if needed, the UL-SCH can be dropped or severely rate matched. Thus, only if the entire PUSCH cannot carry the CSI, the CSI omitting mechanism is used. However, dropping UL-SCH only if the allocated PUSCH resource is in-sufficient is not reasonable, in that no date transmission is permitted in this case. 
First, the case of UCI and UL-SCH multiplexing case is discussed. When insufficient PUSCH is allocated for a UL-SCH transmission multiplexed with CSI, how to determine the number of reported CSI part 2 boxes need to be specified, to guarantee the reliability of the UL-SCH transmission. One way is to configure a coding rate upper bound of the UL-SCH, and the number of reported boxes should be such that the coding rate of the UL-SCH does not exceed the upper bound. 
For example, the number of boxes to be reported for part 2 CSI can be determined by:

-   is the calculated TB size,   is the number of RE of allocated PUSCH;
-  is the number of RE for the CSI part1, and is obtained based on the part 1 payload size , coding rate of UL-SCH and related beta_offset ;
-  is the number of RE for CSI part 2 to be decided, and then the reported payload size of partial part 2  can be obtained;
-  is the upper bound of the UL-SCH coding rate. 
Based on this in-equation, the maximum value of  and thus the number of part 2 boxes can be reported are determined. In this way, the reliability of the UL-SCH transmission can be guaranteed.
Proposal 4: Define a coding rate upper bound for UL-SCH as CSI omitting condition for the case of CSI and UL-SCH multiplexing on PUSCH. 
Then we discuss the case of UCI only on PSUCH. In this case, the number of REs used for part 1 can be determined in similar way to that of LTE: 

      -  is the ratio of beta_offset of part 1 parameter to part 2 parameter,
      -   is the payload size of part 2 assuming rank 1, and  is the payload size of part 1.
Thus, if a full part 2 is reported, the coding rate of part 2 is ,  is the modulation order. Thus, the coding rate can be very high and will compromise the CSI transmission reliability. Therefore, a coding rate upper bound for CSI part 2 should be defined as the CSI omitting condition. The number of reported part 2 boxes is such that the coding rate of partial part 2 is smaller than the upper bound.
Proposal 5: Define a coding rate upper bound for part 2 CSI as CSI omitting condition for the case of CSI only on PUSCH. 
CSI reporting periodicities for P/SP-CSI
In NR, the periodicity for P/SP CSI reporting is supported [4] at least chosen from {5, 10, 20, 80, 160, 320} slots. 
	Agreement:
NR at least supports the following periodicities for P/SP CSI reporting 
{5, 10, 20, 40, 80, 160, 320} slots
Details on restriction on periodicity as a function of subcarrier spacing is to be concluded in RAN1#91 (including whether or not to support)


For different subcarrier spacing, the duration of a slot would be different and is summarized as follows: 
Table I
	subcarrier spacing (kHz)
	15
	30
	60
	120
	240
	480

	Duration for each slot (ms)
	1
	0.5
	0.25
	0.125
	0.0625
	0.03125

	Duration for 5 slot (ms)
	5
	2.5
	1.25
	0.625
	0.3125
	0.15625

	Duration for 10 slot (ms)
	10
	5
	2.5
	1.25
	0.625
	0.3125

	Duration for 20 slot (ms)
	20
	10
	5
	2.5
	1.25
	0.625

	Duration for 40 slot (ms)
	40
	20
	10
	5
	2.5
	1.25

	Duration for 80 slot (ms)
	80
	40
	20
	10
	5
	2.5

	Duration for 160 slot (ms)
	160
	80
	40
	20
	10
	5

	Duration for 320 slot (ms)
	320
	160
	80
	40
	20
	10



The minimum interval between two reporting depends on the UE capability. Take LTE as reference, in which supports minimum periodicity of 1ms for TDD case (CRS) and supports minimum periodicity of 2ms for FDD case. For type II reporting, it has been agreed that S-CSI supports Type II with minimum periodicity of 5ms, which means restriction on periodicity as a function of subcarrier spacing should be supported at least. 
Proposal 6: Support restriction on periodicity as a function of subcarrier spacing.
Subband size for CSI reporting
For subband size for CSI reporting, it has been agreed [4]:
	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 



Subband size for CSI reporting determines the CSI accuracy and CSI feedback overhead. With larger subband size, the accuracy of CSI feedback increases while the CSI feedback overhead increases at the same time. An appropriate subband size should be chosen to achieve a balance on CSI accuracy and CSI feedback overhead.
In LTE, the subband size is constant given a system bandwidth and on additional signalling is needed to indicate the subband size to UE for CSI reporting. If subband size is configurable, the UCI payload size would also be variable with subband reporting, which would make the UCI design more complicated. Then we have the following proposal:
Proposal 7: Support the following subband sizes:
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4

	61 – 100
	8

	101 – 200
	12

	201 – 275
	16


Indication of CSI measurement assumption
As has been agreed in NR-AH3, the following CQI assumption is supported [3]: 
	Agreement:
· A CSI report can contain only PMI consisting of only i1 using Type I single panel codebook, CQI  and CRI/RI, computing CQI assuming PDSCH transmission with Np≥1 precoders, where
· UE can assume that one precoder is randomly selected from the set of Np precoders for each PRG on PDSCH
· The PRG size in CSI feedback is RRC configured
· The set of Np precoders for CQI calculation are indicated by codebook subset restriction



As a result, there would be two different types of CSI measurement assumptions, among which one is for closed-loop CSI measurement assumption based on suband size and the other is for robust transmission based on the above PRG size. The PRG size can be configured to be same with the PRG size for PUSCH while the RRC signaling (PDSCH-bundle-size) cannot be reused, because the signaling for PRG size for PUSCH requires both RRC signaling and DCI signaling if multiple PRG are configured by RRC. Furthermore, if PRG size for CSI measurement has to be the same as that for PDSCH transmission, the flexibility of CSI measurement would be restricted. If network want to switch scheme from closed-loop transmission to semi-open loop transmission or vice versa promptly, the PRG size for CSI measurement may be different from that for PDSCH. For example, network can configure PRG size = 2 in CSI feedback to measure a robust transmission CSI while use PDSCH-bundle-size = 4 to transmit PDSCH.
For a unified and concise implementation to indicate which CSI measurement assumption, an independent RRC signaling can be used for indicating the PRG size in robust transmission CSI feedback.
The value of ‘0’ indicates closed-loop CSI measurement assumption, and the value of ‘non zero’ indicates robust transmission CSI measurement assumption as well as the specific PRG size in CSI feedback. ‘Non zero’ values of PRG size in CSI feedback should be the same as the values of PRB bundling size in PDSCH transmission, i.e., at least 2 and 4. In this way, semi-open loop CSI measurement would achieve the most appropriately matched CSI, which is to be used for PDSCH transmission afterwards.  
Proposal 8: An independent RRC signaling should be used for indicating the PRG size in robust transmission CSI feedback
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Collision handling
To deal with scenarios where multiple CSI reporting collides, gNB should configure (or predefine) the priority of CSI reporting, in term of reporting types (e.g., periodic and aperiodic), UCI formats (e.g., for CSI acquisition and for beam management) and/or CSI quantities (e.g., wideband CQI and subband CQI). In a conflicting reporting occasion with limited resources, UE can choose the proper type/format/quantity to report, based on the configured priority. 
The following collision rules have been agreed when Type I CSI collides with Type I CSI and Type II CSI collides with Type II CSI [4].
	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



For P/SP/A-CSI, the following codebook and corresponding transmission channel has been supported:
	P-CSI
	Type I
	Short PUCCH/long PUCCH
	Wideband, partial band

	SP-CSI
	Type I
	Short PUCCH/long PUCCH/
PUSCH
	Wideband, partial band, or subband

	
	Type II part1
	long PUCCH
	Wideband, partial band, or subband

	
	Type II part 1/2 
	PUSCH
	Wideband, partial band, or subband

	A-CSI
	Type I
	Short PUCCH/PUSCH
	Wideband, partial band, or subband

	
	Type II
	PUSCH
	Wideband, partial band, or subband



CSI revolution is a key factor to compare the importance of different CSI report. It seems that the CSI revolution with P/SP/A-CSI has the order of A-CSI >= SP-CSI >= P-CSI conventionally with the same codebook configured, and then it reasonable to support
Proposal 9: Support the following priority order for CSI periodicity types 
· When Type I CSI collides with Type I CSI
· A-CSI > SP-CSI > P-CSI
· When Type II CSI collides with Type II CSI
· A-CSI > SP-CSI
Type II CSI is target for MU-MIMO and Type I CSI is target for SU-MIMO conventionally. Type II should have higher priority than Type I with higher revolution.
Proposal 10: Support the following priority order for CSI periodicity types 
· When Type I CSI collides with Type II CSI
· Type II CSI > Type I CSI
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution discuss the remaining issues for CSI reporting, based on which the following proposals are made.
Proposal 1: For Type I CSI reporting on PUSCH, only wideband CQI for the 1st CW should be included in the first part.
Proposal 2: Support Alt 1 for PMI assumption in the omitted subband.
Proposal 3: Adopt the modified priority rule shown in Figure 3 to omit Part 2 CSI for the case of puncturing CSI-RS.
Proposal 4: Define a coding rate upper bound for UL-SCH as CSI omitting condition for the case of CSI and UL-SCH multiplexing on PUSCH. 
Proposal 5: Define a coding rate upper bound for part 2 CSI as CSI omitting condition for the case of CSI only on PUSCH. 
Proposal 6: Support restriction on periodicity as a function of subcarrier spacing by RRC.
Proposal 7: Support the following subband sizes:
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4

	61 – 100
	8

	101 – 200
	12

	201 – 275
	16



Proposal 8: An independent RRC signaling should be used for indicating the PRG size in robust transmission CSI feedback 
Proposal 9: Support the following priority order for CSI periodicity types 
· When Type I CSI collides with Type I CSI
· A-CSI > SP-CSI > P-CSI
· When Type II CSI collides with Type II CSI
· A-CSI > SP-CSI
Proposal 10: Support the following priority order for CSI periodicity types 
· When Type I CSI collides with Type II CSI
· Type II CSI > Type I CSI
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Appendix
Table II. Simulation assumptions and parameters
	Parameter
	Values

	Carrier frequency
	4GHz

	Subcarrier spacing 
	15kHz

	Delay spreading
	100 ns, 300 ns, 1000 ns

	Carrier Bandwidth Part
	80PRBs

	Schedule Bandwidth
	40PRBs

	Subband Size
	4PRBs/8PRBs

	Channel model 
	CDL-A

	UE speed
	3km/h, direction uniformly distributed in x-y plane

	BS antenna configurations
	 (M, N, P, Mg, Ng) = (2, 8, 2, 1, 1); (dH,dV) = (0.5, 0.8)λ

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 1, 2, 1, 1); (dH,dV) = (0.5, 0.8)λ

	MCS
	Adaptive

	MIMO mode
	SU-MIMO with Rank=1

	UE receiver type
	MMSE-IRC

	Channel Coding
	Turbo

	Decoding algorithm
	Max-Log-Map with max iteration time = 6

	Channel estimation
	ICE
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