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Introduction
In this document we summarize the views on the remaining open issues on CSI reporting.
Note: CSI reference resource discussion is referred to CQI & MCS agenda item. SP-CSI on PUSCH is discussed in UL scheduling, triggering of A-CSI on PUCCH is discussed in DL scheduling.
The remaining issues are categorized in the following priority orders:
1. (RRC-essential) Is essential to get a complete spec and has RRC-impact (and should thus be finalized by Tuesday)
2. (Essential) Is essential to get a complete spec but does not have RRC impact
3. (Non-essential) Is not essential to get a complete spec and should only be discussed if time allows
Open issues
BWP configuration of CSI reporting and CSI-RS (RRC-essential)
How is BWP information configured in CSI Report Settings and Resource Settings?
· Alt 1: Use separate CSI report settings and resource settings per BWP (Ericsson, Samsung, LGE, Intel)
· Alt 2: Use separate CSI-RS resource sets for each BWP (Huawei)
What determines which BWP CSI is reported for in case of BWP switch, for A/SP/P reporting?
· Alt 1: Time location of the CSI reference resource (Intel, vivo, Ericsson, HW)
· Alt 2: Via BWP information configured per reporting setting, reporting settings corresponding to an active BWP are assumed to be activated and reporting settings corresponding to inactive BWPs are assumed to be deactivated by the UE. (LGE)
Can CSI be reported outside of active BWP?
· Alt 1: No, CSI is only reported for active BWP (Intel, HW)
· Alt 2: Yes, CSI reports can be triggered for inactive BWPs (Samsung, LGE)
· Alt 3: Only for the case where BWPs have the same center frequency (Ericsson)

More input from companies requested

As a starting point for discussion, we give the following proposal to support CSI reporting with basic BWP operation:







· Alt 1: CSI is only reported for the currently active BWP
· Alt 2: CSI can be reported for both active and non-active BWP

Offline Agreement: 
A CSI report setting is associated with a single DL BWP and contains the following DL BWP-specific information:
· One CSI reporting band
The associated DL BWP information is configured per Resource Setting
· All linked Resource Settings of a CSI Report Setting have the same BWP

To further clarify behavior, we make the following additional proposals:

Proposal:
A periodic or semi-persistent CSI report, associated with a DL BWP, scheduled for reporting in slot n is reported only if the associated DL BWP was the active DL BWP in the time location of the CSI reference resource (slot ) for the CSI report

Proposal:
Downselect between the following alternatives:
· Alt 1: For aperiodic CSI report triggering, a separate set of CSI triggering states are RRC configured for each DL BWP candidate, and separate MAC CE downselection of the states is performed for each DL BWP candidate. Which set of aperiodic triggering states are referred to y the DCI depends on the active DL BWP in the slot which the DCI is received
· Alt 2: For aperiodic CSI report triggering, a single set of CSI triggering states are RRC configures, wherein the CSI triggering states can be associated with either candidate DL BWP. A UE is not expected to be triggered with a CSI report for a non-active DL BWP



Aperiodic CSI reporting on short PUCCH (RRC-essential)
Details on triggering mechanism for A-CSI on PUCCH is to be discussed in DCI formats agenda item.
An open issue to be discussed in CSI reporting agenda item is the possible slot offset values Y.
Alt 1: Re-use HARQ timing offsets (Ericsson, Samsung 1st preference)
Alt 2: Use other sets of values (Samsung 2nd preference)
Alt 3: Support only Y=0 (LGE)
Alt 4: Support Y=[0, 1,2] (HW) where different conditions can be applied to the value of Y considering UE CSI processing complexity 

Conclusion:
As it was decided on Monday that A-CSI on short PUCCH is to be finalized after December, this issue does not need to be addressed.
More input from companies requested

CSI report timing offsets on PUSCH (RRC-essential)
Restriction of CSI content and CSI-RS positions for short timing offsets?
· Alt 1: Divide into Simple CSI and non-simple CSI complexity classes, where non-simple CSI can only be transmitted for timing offsets exceeding a threshold (MediaTek, LGE, Samsung, Intel)
· E.g. Wideband, at most [2] ports, location of CSI-RS no later than symbol [#6]
· Alt 2: Separate CSI complexity classes for different timing offsets (LGE(Alt2 seems a generalized version of Alt1)) [HW]
· Alt 3: No restrictions
Set of possible CSI report timing offsets indicatable in DCI for PUSCH carrying CSI?
· Alt 1: Same as for regular PUSCH, NW signals appropriate Y/K2 value (MediaTek, Ericsson, Samsung)
· Alt 2: Another set of values (LGE)

More input from companies requested

Proposed Conclusion:
Divide CSI in two complexity classes, where non-simple CSI can only be transmitted for timing offsets exceeding a threshold. Possible Y values are same as K2, UE is not expected to update CSI if triggered with too small CSI report timing offset. More offline discussion / WF needed to define exact conditions and threshold. 

SP CSI reporting on PUCCH (RRC-essential)
Note that it has been decided as an offline WA that SP CSI reporting on PUSCH is activated with DCI scrambled with a new SP-CSI C-RNTI.

SP CSI reporting on PUSCH (RRC-essential)
Exact triggering mechanism needs to be defined. We propose the following:
Proposal:
A set of SP-CSI triggering states are RRC configured, which is separate from the set of aperiodic CSI triggering states. The CSI request field in DCI scrambled with SP-CSI C-RNTI refers to this set.

SP CSI reporting on PUCCH (RRC-essential) SP CSI on PUSCH is discussed in UL scheduling.
 If DCI based triggering is selected for PUCCH-based SP CSI, differentiation method between PUCCH and PUSCH based trigger (such as different RNTI + associating different codepoints with either A or SP, or a bit in DCI) may need to be discussed between sessions.needs to be discussed.
Remaining details is how to activate SP CSI reporting on PUCCH:
Alt 1: Use DCI triggering (Ericsson, Samsung)
Alt 2: Use MAC CE triggering (Huawei, LGE)


Due to the time limitation, it might be preferred to differentiate SP CSI trigger on PUCCH and PUSCH with different physical channel of the activation message. We therefore make the following proposal:
Proposal:
SP CSI reporting on PUCCH is activated with a MAC CE message
Each SP CSI Report Setting is configured in RRC with the PUCCH resource used for transmitting the CSI report







Conclusion:
· More input from companies requested
Finalizing CSI reporting periodicities (RRC-essential)

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)




Is SCS-dependent restriction on reporting periodicity needed, and if so, what restriction is needed?
· Yes: (Huawei)
· No: (vivo, Qualcomm, Intel, Ericsson, Samsung, LGE)
Are additional periodicities needed?
· Possibly: Additional values to align with DRX cycles, only if needed (Ericsson, Docomo, Samsung)
· No: there is no need to align CSI reporting periodicities with DRX cycles since A-CSI can be used (Intel) 

Proposal:
· Restrictions on CSI periodicity as a function of SCS is not supported in RAN1 specification
· Grant RAN2 prerogative to add additional CSI reporting periodicities (> 5 ms) for purpose of aligning with DRX cycles, if needed


PTRS strongest layer indicator (RRC-essential)
In the PTRS session, it has been agreed to report preferred PTRS layer (“layer indicator”, LI) in UCI as part of the CSI report:
Agreement:
· For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE capability and report the preferred DL layer, in case of 2 CW, report the preferred DL layer within the CW with higher CQI in UCI


The following alternatives have been identified in the tdocs:
Alt 1: Jointly encode LI with RI, taking into account rank restriction (Ericsson)
Alt 2: LI encoded as a separate field (Intel (Reported in CSI part 2 in case of two-part CSI reporting), HW)

Further offline discussion can be made in PTRS session for the exact scheme, however there is probably needed an RRC parameter to control of LI is present in CSI report or not.

Proposal:
· Introduce RRC parameter PTRS-StrongestLayerIndicatorPresent in ReportSetting to indicate presence of PTRS strongest layer indicator (LI) in the CSI report
· FFS if LI is jointly encoded with RI or encoded as a separate field

Which CSI part the subband CQI is mapped to (Essential)
Technically, it’s still FFS whether subband CQI is mapped to the first or second CSI part.
	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)



We note that this can be appropriate for both Type I and Type II CSI, and also note that the discussion on how SB CQI is calculated when SB PMI is omitted can be avoided if Alt 3 is agreed.
Note that the discussion is relevant only for CQI for the 1st CW. Per the agreement above, CQI for the 2nd CW is always located in Part 2.
Which CSI part is subband CQI for the first CW mapped to?
Alt 1: 	Part 1, for both Type I and Type II (Samsung, LGE, Intel, Ericsson)
Alt 2:	Part 2 for Type I, Part 1 for Type II (Huawei)
Alt 3:	Part 2 for both Type I and Type II

More input from companies requestedProposal:
· Clarify that SB CQI is mapped to the first CSI part



UE CSI computation capability (Essential)
Alt 1: Define CSI computation capability as the number of simultaneous CSI calculations. UE is not required to update CSI in extra reports if number of calculations exceed capability [2] [19] (ZTE, Ericsson, Samsung, LGE, Intel)
Alt 2: Define CSI computation capability as maximum number of supported A / SP / P CSI Report Settings

More input from companies requested

Proposed Conclusion:
Define CSI computation capability as the number of simultaneous CSI calculations. More offline discussion / WF is needed for details.
Proposal:
· A CSI reporting capability unit is defined where
· For each unit, a UE is able to update CSI for as early as Tc seconds after the time to which the CSI corresponds
· It should be able to report for any one of the N CSI report settings that the UE is configured with, but only one at a time for the given unit
· The number of values of Tc can be used according to CSI reporting parameters (e.g. # ports, Type I or II, etc.)
· The number of CSI reporting capability units the UE can support is a UE capability
· If a UE can support multiple such units, it is expected to process them in parallel



Finalizing subband sizes (Essential)
Subband sizes was agreed to be configurable between two values in RAN1#90bis, where some values are still in brackets:
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 


Quite some different proposals have been presented in tdocs:
Use only the first value for subband sizes (Huawei)
Use the following table including only 4, 8, 16 ,32: (LGE)
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs):
1st value, 2nd value

	24 – 60
	4, 8

	61 – 100
	8, 16

	101 – 275
	16, 32


Use the following table including only 4, 8, 16 ,32 (Qualcomm)
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs)

	< 24
	N/A

	24 – 72
	4,8

	73 – 144
	8,16

	145 – 275
	16,32


Use the following table, and try to align with RBG sizes: (Docomo)
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60
	4, 6

	61 – 100
	8, 12

	101 – 200
	16, 24

	201 – 275
	16, 48


Confirm subband values in brackets (Samsung)
Use the following table (Ericsson)
	Carrier bandwidth part (PRBs)
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 60 59
	4, 8

	6160 – 100 110
	8, 12

	101 111 – 200
	12, 16

	201 – 275
	16, 32



As many companies observe, subband size values and PRB boundaries benefits from being aligned with RBG size, which is difficult since RBG sizes are not settled yet. Here, we could benefit from an offline discussion to jointly finalize subband and RBG sizes.

Proposed conclusion:
· More offline discussion needed, finalize subband sizes and RBG sizes jointly
Which CSI part to map L1-RSRP and beam indicators to (Essential)
Alt 1: In CSI Part 1 (MediaTek, Ericsson, Samsung, LGE, HW)
Alt 2: In CSI Part 2
Alt 3: Resource indicators in Part 1, L1-RSRP in Part 2

More input from companies requested

Proposal:
L1-RSRP and resource indicators for beam management are mapped to the first CSI Part when reported on long PUCCH or PUSCH

CSI omission procedure
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
· 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




CSI omission invocation condition (essential)
While a CSI omission mechanism has been defined, the exact rule for when the mechanism shall be invoked has not been decided. Though implicitly assumed, it has not been explicitly agreed that the CSI is omitted when PUSCH resource allocation is insufficient. The following rules have been discussed in tdocs:
Define an upper bound for code rate of CSI Part 2 and omit CSI when code rate is above threshold (Huawei, MediaTek, vivo, InterDigital, LGE)
Define an upper bound for code rate of UL-SCH and omit CSI in Part 2 when code rate is above threshold (Huawei)
CSI report timing is considered as invocation condition for CSI omission (InterDigital)

Proposed Conclusion:
· Partial CSI information bits in CSI Part 2 is omitted so that UCI code rate does not exceed a predefined threshold. More offline discussion / WF needed for details.
Subband CQI of omitted subbands (non-essential)
· 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 (Huawei, Spreadtrum (slightly preferred), LGE, CATT, Nokia)
· Alt 2: Subband CQI for each omitted subband is calculated assuming PMI in this subband (Ericsson, Samsung, Intel, Qualcomm
Proposed Conclusion:
As this is a non-essential issue and there is an even split among the alternatives, we propose to not discuss this issue and leave it up to UE implementation.
[HW] From our perspective, it is not an UE implementation since the decision here will impact mutual understanding between the gNB and the UE. So it is essential in our understanding. 
Modification of omission rules (non-essential)
Some companies discuss refining the CSI omission rules:
Modify rule to deprioritize subbands where CSI-RS is punctured by SSB (Huawei)
Include two sets of non-zero WB amplitude coefficient indicators in CSI Part 1 (Nokia)

Proposed Conclusion:
No consensus for modifying CSI omission rules


CSI priority rules (non-essential)
In RAN1#90bis, a set of priority rules for handling CSI collisions was agreed:
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


Collision of P and SP CSI on PUCCH
· Alt 1: SP > P always (Huawei, vivo, Sharp)
· Alt 2: The report with shortest periodicity is dropped (Ericsson)
· Alt 2-1: If the SP-CSI and P-CSI has the same periodicity, SP>P. Otherwise, the report with shortest periodicity is dropped. (LGE)
· Alt 3: Handle it with gNB implementation (Intel, Samsung)
Collision of SP Type I and SP Type II CSI on long PUCCH
· Alt 1: Type II has priority over Type I (Huawei, vivo, Qualcomm, Samsung)
· Alt 2: The report with shortest periodicity is dropped (Ericsson)
· Alt 2-1: If the Type I and Type II CSI have the same periodicity, Type II>Type I. Otherwise, the report with shortest periodicity is dropped. (LGE)


Based on majority view, we propose the following:
Proposal:
For CSI priority rules:
· When Type II CSI collides with Type I CSI on long PUCCH, Type II CSI has priority and the Type I CSI is dropped
· When Type I SP CSI collides with Type I P CSI on PUCCH, Type I SP CSI has priority and Type I P CSI is dropped

Furthermore, as discussed in [13], “CSI collision” has not been clearly defined. We therefore propose to clarify this as follows:

Proposal:
[bookmark: _Toc498726101]For priority rules for CSI collision, the following definition is used: “Two CSI reports are said to collide if the time occupancy of the physical channels scheduled to carry the CSI reports overlap in at least one OFDM symbol and are transmitted on the same carrier”

PTRS strongest layer indicator (non-essential)
In the PTRS session, it has been agreed to report preferred PTRS layer (“layer indicator”, LI) in UCI as part of the CSI report:
Agreement:
· For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE capability and report the preferred DL layer, in case of 2 CW, report the preferred DL layer within the CW with higher CQI in UCI


The following alternatives have been identified in the tdocs:
Alt 1: Jointly encode LI with RI, taking into account rank restriction (Ericsson)
Alt 2: LI encoded as a separate field (Intel (Reported in CSI part 2 in case of two-part CSI reporting), HW)

More input from companies requested

Conclusion: 
More offline discussion needed.







 Remaining codebook details (non-essential)
Nokia proposes in [15] to encode wideband amplitude coefficients in Type II CSI using indication of the group of non-zero coefficients. This seems like a straight-forward optimization, so we propose this is adopted:
Proposal:
· Considering feedback of the number of non-zero wideband amplitudes (N), adopt enhanced wideband amplitude feedback with 3 parameters per layer as follows to reduce its feedback overhead for the Type II codebook (both Type II single-panel codebook and Type II codebook for beamformed CSI-RS):
· 1st parameter: Joint encoding of the indices of the N non-zero coefficients using combinatorial signaling with  bits to choose N out of 2L indices per layer.
· 2nd parameter: The strongest index out of N non-zero coefficients using  bits per layer.
· 3rd parameter: (N-1) non-zero coefficients quantized as  bits per layer.

Codebook subset restriction for inter-group co-phasing (non-essential)
In RAN1#90bis, codebook subset restriction details for Type I codebook was finalized, except for a remining FFS point on inter-group co-phasing restriction:
Agreement:
· For Type I SP, rank 3-4 codebooks for 16, 24, and 32 ports
Use single bitfield to determine restricted  depending on restricted 
 is restricted if at least one of  is restricted
FFS: Introduction of inter-group co-phasing restriction


Alt 1: Introduce inter-group co-phasing restriction (Huawei)
Alt 2: Do not introduce inter-group co-phasing restriction (Spreadtrum, Ericsson, Intel, CATT, LGE)

Proposal:
· Inter-group co-phasing restriction is not supported
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