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1. Introduction
At the RAN1 AH#3 meeting [1], remaining issues on CSI feedback were discussed, and R1-1716901 was agreed, in which the agreements about CSI reporting procedures and UCI multiplexing part can be summarized as follows:
· CSI reporting procedures and UCI multiplexing
· For short PUCCH based CSI reporting, CSI parameters are joint encoded
· For long PUCCH based CSI reporting, CSI parameters are joint encoded for wideband/ patial band CSI, while CSI parameters are seprarate encoded for subband CSI
· Type II CSI reporting on PUSCH is divided into 2 parts:
· Part 1: RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer
· Part 2: Remaining CSI
· Part 1 of Type II CSI can be reported on long PUCCH via semi-persistent way
In this contribution, we discuss one remaining issue for Type I and Type II CSI reporting, i.e., CSI collision handling for Type I and Type II on PUCCH.
2. Considerations for CSI collision handing
2.1 Type I and Type II CSI collision handling on PUCCH
Based on the agreements in RAN1#90 [2] and RAN1 AH#3 [1] meeting, Type I and Type II CSI reporting characteristics can be summarized in Table I.
Table I CSI reporting characteristics

	
	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 and physical channel been used
	· Type I CSI on short PUCCH
· Type I CSI on long PUCCH
	· Type I CSI on long PUCCH or PUSCH
· Type II CSI (part 1) on long PUCCH
· Full Type II CSI on PUSCH
	· Type I CSI on PUSCH
· Type II CSI on PUSCH
· Light weight CSI on short PUCCH


For Type I or Type II CSI reporting, a typical scenario is that only one type of CSI reporting is configured by higher layer signalling, or both types are adaptively switched. But there is also a case that both Type I and Type II CSI are enabled simultaneously for link adaption. For instance, Type I CSI is configured to provide fundamental CSI for regular link maintenance, while Type II CSI is activated for high data-rate transmissions.
Based on the summary in Table I, there is an issue that Type I periodic CSI (P-CSI) and Type II semi-persistent CSI (SP-CSI) may collide in the same slot, with P-CSI and SP-CSI carried on long PUCCH, or P-CSI carried on short PUCCH and SP-CSI carried on long PUCCH, because it is hard for the gNB scheduler to avoid collision by periodicity and offset setting since the periodicity of Type I and Type II CSI may be different. In that sense, a collision handling mechanism for Type I and Type II CSI reporting is necessary.
Followings we discuss the potential options to handle collision between Type I P-CSI and Type II SP-CSI. 
Option 1: Reporting both Type I and Type II CSI without PUCCH resource/ format adaption
When Type I and Type II SP-CSI collides in the same slot, one solution is report both Type I and Type II CSI without PUCCH resource/ format adaption. However, based on the overhead calculation for Type I and Type II in the tables below, it can be observed that the payload difference of CSI with collision and without collision is unneglectable, i.e., the difference may up to 45/101 bits. The overhead for both Type I and partial Type II is calculated with the assumption that 32 ports are used, oversampling factor is (4, 4), and CSI reporting for 10 subbands are assumed. Carrying all the parameters for both Type I P-CSI and Type II SP-CSI may lead to high coding rate, thus leading to PUCCH error, which goes against the initial intention of configuring subband CSI reporting.
Table II Type I P-CSI overhead calculation (wideband and subband)

	Single panel
Parameters
	Overhead (bits)

	
	RI
(WB)
	i1,1
(WB)
	i1,2
(WB)
	i1,3
(WB)
	
	Total PMI 1
(WB)
	i2
(SB)
	CQI
(WB/SB)
	Total
(WB+SB)

	=
(4,4)

=
(4,4)
	RI=1
	3
	4(L=1)
3(L=4)
	4(L=1)
3(L=4)
	-
	-
	8(L=1)
6(L=4)
	2(L=1)
4(L=4)
	4
	71(L=1)
89(L=4)

	
	RI=2
	
	4(L=1)
3(L=4)
	4(L=1)
3(L=4)
	2
	-
	10(L=1)
8(L=4)
	1(L=1)
3(L=4)
	4
	63(L=1)
81(L=4)

	
	RI=3,4
	
	3
	4
	-
	2
	9
	1
	4
	62

	
	RI=5,6
	
	4
	4
	-
	-
	8
	1
	8
	101

	
	RI=7,8
	
	4
	4
	-
	-
	8
	1
	8
	101



Table III Type II SP-CSI overhead calculation (wideband and subband)

	Single panel
Parameters
	Overhead (bits)

	
	RI
(WB)
	Beam 
number
	CQI
(WB/SB)
	Total
(WB+SB)

	=
(4,4)

=
(4,4)
	RI=1
	1
	L=2
	2
	40
	43

	
	
	
	L=3
	3
	
	44

	
	
	
	L=4
	3
	
	44

	
	RI=2
	
	L=2
	3
	
	44

	
	
	
	L=3
	4
	
	45

	
	
	
	L=4
	4
	
	45


Based on the analysis above, we have the observation that:
Observation 1: Reporting both Type I and Type II CSI without PUCCH resource/ format adaption leads to high coding rate, thus increasing the PUCCH decoding error rate.
Option 2: Drop Type I or Type II CSI 
Another simple solution for this problem could be either Type I P-CSI or Type II SP-CSI is dropped to keep CSI payload size.
However, based on the discussion on previous meetings, the purpose of periodic Type I CSI report is to maintain the coarse link connection, while Type II SP-CSI reporting provides more accurate CSI for PDSCH transmissions, especially for MU-MIMO precoding. In that sense, Type I and Type II CSI has different functionalities, therefore dropping either Type I or Type II CSI is not expected.
Observation 2: Dropping Type I or Type II CSI is not expected because they have different functionalities.
Option 3: Compressing Type I or Type II CSI parameters with following options
· Option 3-1: Reporting wideband/ partial band CSI parameters instead of subband parameters
· Option 3-2: Reporting CSI with subband parameters subsampled
· Option 3-3: Reporting CSI with RI restriction
· E.g., Rank 1-2 report Type II CSI parameters, while Rank 3-8 report Type I CSI parameters
The intention of Option 3 is to reduce overhead of CSI reporting on the PUCCH resource where Type I P-CSI and Type II SP-CSI collides. Option 3-1 reports subband CSI instead of wideband CSI, for instance, when Type I P-CSI and Type II SP-CSI are configured with subband CSI reporting, Type I subband PMI2 and CQI reporting can be replaced by wideband PMI2 and CQI, and Type II subband CQI can be replaced by wideband CQI. In that sense, taking 32 ports as example, the overhead for Type I and Type II CSI will not exceed 30 bits.
Option 3-2 provides one alternative solution when Type I P-CSI collides with Type II SP-CSI on long PUCCH, and subband CSI reporting is configured, the subband parameters can be subsampled. For example, PMI2 and CQI for Type I and CQI for Type II can be subsampled and only the CSI for odd (or even) PRB number is reported. By this means, the payload for subband will be reduced to half with respect to CSI without subsampling.
Option 3-3 is also used to reduce CSI reporting overhead when Type I P-CSI and Type II SP-CSI collides. In this solution, both Type I and Type II CSI are reported, but with rank restriction, e.g., both Type I and Type II reports rank 1 CSI only, or report Type II CSI for rank 1-2, report Type I CSI for rank 3-8.
By using Option 3, the most essential information in Type I P-CSI and Type II SP-CSI can be reported, without additional resource allocation.
Option 4: Reporting both Type I and Type II CSI parameters with PUCCH resource/format adaption
For Type I periodic CSI (P-CSI) and Type II semi-persistent CSI (SP-CSI) collision on PUCCH, there are following two cases considering resources allocation.
· Case 1: Type I P-CSI is carried by short PUCCH, Type II SP-CSI is carried by long PUCCH
· Case 2: Both Type I P-CSI and Type II SP-CSI are carried by long PUCCH 
Addressing two cases above, the gNB should configure UE with at least two PUCCH resources/formats. For example, for case 1, short and long PUCCH should be configured for Type I CSI transmission, when Type II SP-CSI is configured in the same slot, Type I P-CSI can be transmitted on short PUCCH and Type II SP-CSI is transmitted on long PUCCH; for case 2, two long PUCCH resources/format is pre-configured, one long PUCCH resource has small payload size to carry Type I or Type II CSI only, while another long PUCCH has large payload size to carry both Type I and Type II CSI when they collide. Based on the analysis, Option 4 can be further classified into two sub-options.
· Option 4-1: When Type I P-CSI collides with Type II SP-CSI, short PUCCH is used for Type I P-CSI while long PUCCH is used for Type II SP-CSI
· Option 4-2: When Type I P-CSI collides with Type II SP-CSI, PUCCH resource/format can be adaptively used.
But the concern is once two PUCCH resources are pre-configured to one UE, they cannot be configured to other UEs, which may lead to resource waste.
Option 5: Piggy back Type I and/or Type II CSI on PUSCH, if PUSCH resource is allocated
When Type I and Type II CSI collides, and PUSCH resource is configured, piggy back Type I or Type II CSI on PUSCH can be considered; if simultaneous transmission of PUCCH and PUSCH is not supported, piggy back both Type I and Type II CSI can be considered.
Based on the pros and cons of all these 5 options, we propose that:
Proposal 1: For Type I P-CSI and Type II SP-CSI collision handling, support following options:
· Option 3: Compress Type I and/or Type II CSI parameters 
· Option 3-1: Report wideband/ partial band CSI parameters instead of subband parameters
· Option 3-2: Report CSI with subband parameters subsampled
· Option 3-3: Report CSI with Rank restriction for Type I and Type II

· Option 5: Piggy back Type I and/or Type II CSI on PUSCH, if PUSCH resource is configured
2.2 Other potential priority handling use cases
In LTE, more than one CSI reporting can be configured within one CSI process. Thus, there is collision handling requirement for hybrid CSI and Class A/B CSI types, e.g., for single CSI process, CSI Type 2a (Wideband first PMI) for hybrid CSI has higher priority than Type 3 (RI). In NR, if more than one CSI reporting are configured, there will be still CSI priority handling requirement for hybrid CSI and Type I/II CSI reporting. And the situation maybe different in NR. 
For hybrid CSI collides with Type I/II CSI on PUCCH, the priority handling should depend because Type I/II CSI will provide more CSI information. In that sense, when first part of hybrid CSI (CRI/RI/i1) collides with Type I/II CSI, hybrid CSI should be dropped. When second part of hybrid CSI (RI/PMI/CQI) collides with Type I/II CSI, Type I/II CSI should be dropped.
Observation 3: There may be other potential priority use cases, e.g., hybrid CSI with Type I/Type II CSI.
3. Considerations on subband size for CSI reporting
In RAN1# 90b [3], about subband size for CSI reporting, there is following agreements:
	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 is the granularity of the CSI reporting which impacts the efficiency of data transmissions. On the other hand, feedback overhead highly depends on the subband size. For instance, for Type II CSI reporting, the UL overhead will be up to (48 * subband number + 63) bits as shown in [4]. Thus, both performance and overhead should be taken into consideration for deciding the subband size.
Besides, in LTE, subband sizes were decided according to RBG sizes, including the boundary alignment between subband and RBG. The boundaries to determine different subband sizes should be aligned with those of the RBG sizes; and the value of subband size should be one or multiples of RBG size. Same rule should be applied when deciding NR subband and RBG sizes. We discuss the NR RBG size in a contribution [5] under Session 7.3.3.1. In the contribution, we propose to support RBG size {3,6,12,24} in addition to {2,4,8,16}, considering DCI size and efficient multiplexing between PDSCH and PDCCH/PDSCH. To support the support of the above mentioned RBG sizes, and considering existing agreement for subband size, , we propose to support following table for subband size:
Proposal 2: Support following table for subband size:
Table IV Subband size vs. carrier bandwidth
	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


By this means, the CSI feedback granularity can be aligned with resource allocation granularity, which is shown in Table V. Another observation from Table V is that present subband size boundary (i.e., segmentation of PRB numbers to apply different subband sizes) is different from the RBG size boundary (i.e., segmentation of PRB numbers to apply different RBG sizes). For subband size, the first segmentation of band width part is [24,60], while for RBG size, the first segmentation is [24-50]. We observe that for the segmentation [24,60], the subband size is still one or multiples of RBG size, i.e., in [24,50], subband size is twice of RBG size, while in [51,60], subband size is the same with RBG size, which means that the granularity still aligns for subband size and RBG size. But from spec. consistency point of view, we can consider to further refine the boundary of subband size so that it is aligned to the boundary of RBG sizes.
Table V Subband size vs. RBG size
	Carrier bandwidth part (PRBs)
	RBG Size (PRBs): 
Config 1, Config 2
	Subband Size (PRBs): 
1st value, 2nd value

	24 – 50
	2, 3
	4, 6

	51 – 60
	4, 6
	4, 6

	61 – 100
	4, 6
	8, 12

	101 – 200
	8, 12
	16, 24

	201 – 275
	16,24
	16, 48


Proposal 3: Consider to align the carrier bandwidth part values in the subband size table and the RBG size table.
4. Considerations on CSI reporting periodicity
In RAN1# 90b [3], for CSI reporting rules, there is following agreements:
	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)


In LTE, CQI reporting periodicity was modified twice [6][7] to align with periodicity of DRX. The reason is that it is highly desirable a CQI report is transmitted on the first sub-frame or within the first few sub-frames of every On Duration [8]. In NR, if there is still such requirement by RAN2, CSI reporting periodicity should still align with the periodicity of DRX.
Observation 4: There is potential need that CSI periodicity should accommodate the periodicity of DRX.
5. Summary
In this contribution, we discuss remaining issues on CSI reporting, and we have following observations and proposals:
Observation 1: Reporting both Type I and Type II CSI without PUCCH resource/ format adaption leads to high coding rate, thus increasing the PUCCH decoding error rate.
Observation 2: Dropping Type I or Type II CSI is not expected because they have different functionalities.
Observation 3: There may be other potential priority use cases, e.g., hybrid CSI with Type I/Type II CSI.
Observation 4: There is potential need that CSI periodicity should accommodate the periodicity of DRX.

Proposal 1: For Type I P-CSI and Type II SP-CSI collision handling, support following options:
· Option 3: Compress Type I and/or Type II CSI parameters 
· Option 3-1: Report wideband/ partial band CSI parameters instead of subband parameters
· Option 3-2: Report CSI with subband parameters subsampled
· Option 3-3: Report CSI with Rank restriction for Type I and Type II

· Option 5: Piggy back Type I and/or Type II CSI on PUSCH, if PUSCH resource is configured
Proposal 2: Support following table for subband size:
	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


Proposal 3: Consider to align the carrier bandwidth part values in the subband size table and the RBG size table.
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