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Introduction
In RAN1-NRAH3, many open issues regarding CSI reporting were resolved by agreeing the WF R1-1716901, the contents of which are summarized below:
· UCI multiplexing/encoding:
· Short PUCCH:  Joint encoding of CRI/RI/PMI/CQI with constant UCI size, details determined in the channel coding session
· Long PUCCH: For WB CSI, use method for short PUCCH, for SB CSI, use method for PUSCH
· PUSCH: For Type II, use 2-part encoding, where 1st part contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer
· Open issue #1: How to encode RI and the indication of the number of non-zero wideband amplitude coefficients
· UCI priority rules:
· Parts of CSI report on PUSCH carrying UL-SCH can be omitted if UCI size is bigger than container size, subband PMI of certain subbands can be omitted
· Open issue #2: Define exact UCI priority rule
· CSI Reporting modes:
· Partial Type II report on long PUCCH
· Either a long or short PUCCH resource can be configured to carry PUCCH-based CSI report
· SP-CSI on PUSCH supported using similar mechanism to LTE SPS
· Open issue #3: Detailed triggering mechanism for SP-CSI on PUSCH
· Open issue #4: If SP-CSI on short/long PUCCH is also supported
· A-CSI on short PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering
· Working assumption for Y>0
· Open issue #5: Details on triggering A-CSI on PUCCH
· Subband size: A subband is N contiguous PRBs, value of N depends on size of active BWP, FFS values
· Open issue #6: Determine subband sizes 
· Frequency-granularities:
· CSI reporting band is configured in CSI report setting to be contiguous or non-contiguous subset of subbands in BWP
· WB / SB PMI / CQI reporting can be configured in CSI report setting
· Hybrid CSI reporting: i2 and CQI can be omitted from WB CSI report
· Semi-open loop: i2 can be omitted from CSI report, UE assumes random i2 across PRGs when calculating CQI
· Type II codebook details:
· L-beam selection is jointly encoded
· If WB amplitude coefficient is zero, corresponding SB coefficients are not reported
· Codebook subset restriction (CBSR)
· Type II: Joint beam and amplitude restriction based on two-level beam grouping
· Type I SP: Rank 3&4 CBSR restrict beams based on bitmap for other ranks
· Open issue #7: Detailed CBSR scheme
· Type I MP: Only DFT beam restriction
· CBSR do not impact PMI payload
· CBSR for 2TX codebook using bitmap

Another open issue (#8) is what periodicities shall be allowed for P/SP-CSI reporting and what triggering offsets (open issue #9) shall be allowed for A-CSI reporting. In this contribution, we discuss the remaining open issues in CSI reporting.

Open issue #1: How to encode first part of Type II report
According to the agreement in RAN1#90-AH3, Type II CSI is segmented in two parts, where the first part contains RI, CQI and an indication of the number of non-zero wideband amplitude coefficients per layer. Based on gNB decoding of the first part, the payload size of the second part, which contains remaining PMI, is known and can be decoded. Since uneven quantization of subband coefficients is used in Type II codebook, where the K strongest coefficients per layer are quantized using full resolution, and the remaining coefficients are quantized using coarser resolution, information about the number of non-zero coefficients must be given per layer in order to resolve payload ambiguity. 
The number of non-zero WB amplitude coefficients per layer l can be expressed as , which thus require  bits. As the payload size of the first CSI part must be constant to avoid blind decoding at the gNB, both  and  must be present, regardless if RI=1 or RI=2.
Two options exist for encoding RI,  and :
· Separate fields: Each field is encoded separately, this require  bits
· Joint field: The three parameters are mapped to a single index, as exemplified in Table 1. This approach requires  bits
[bookmark: _Ref494452382]Table 1: Example of joint indexing for L=2
	Joint index
	RI
	
	

	0
	1
	4
	-

	1
	1
	3
	-

	2
	1
	2
	-

	3
	1
	1
	-

	4
	2
	4
	4

	5
	2
	3
	3

	…
	…
	…
	…

	19
	2
	1
	1



The joint encoding has the potential for reducing feedback overhead at the cost of a more complicated specification. However, as can be seen in Table 2 below, joint encoding only saves 1 bit in the case of L=3 and costs equally many bits as the separate encoding scheme for L=2,4. Therefore, joint encoding does not seem motivated, especially considering the comparably much larger feedback overhead for CSI part 2.
[bookmark: _Ref494452392]Table 2: Feedback overhead for RI,  and 
	Scheme
	L=2
	L=3
	L=4

	Separate fields
	5 bits
	7 bits
	7 bits

	Joint field
	5 bits
	6 bits
	7 bits


[bookmark: _Toc494748985]Joint encoding of RI,  and  only saves 1 bit for one possible value of the number of beams L, while it increases specification and implementation complexity
[bookmark: _Toc494618390][bookmark: _Toc494637713][bookmark: _Toc494738956][bookmark: _Toc494746752][bookmark: _Toc494748839][bookmark: _Toc494748988]In the first part of a Type II CSI report, RI,  and  are mapped to independent fields in TS 38.212

Open issue #2: Define exact UCI priority rule 
In RAN1#90-AH it was agreed that the two separately encoded parts of a CSI report on PUSCH carrying UL-SCH have different transmission priorities, where Part 1 has higher priority than Part 2. The motivation is to introduce a mechanism to deal with the problem when PUSCH RA is too small to fit the UCI payload, for instance when Type II CSI is used and the UE reports RI=2 while the gNB has only allocated PUSCH resources assuming RI=1 payload size, or, when Type I CSI for multiple cells in a CA scenario is transmitted where the variation of PMI/CQI payload depending on UE’s selection of CRI/RI can be large.
It has been agreed that information bits and/or channel coded bits of part 2 can be partially transmitted, but the exact scheme still needs to be specified:
· Omit CSI parameters corresponding to at least one subbands for part 2
· TBD by RAN1#90bis: if all of part 2 can be dropped as a special case
· TBD by RAN1#90bis: specify one of the following omission rules: 
· Omitted subbands are determined based on a decimation ratio and/or a priority pattern used to order subband CSI (defined in specification) 
· Omitted subbands are determined based on the measured subband CQI included in part 1
Regardless of what omission rules is agreed, the same basic mechanism can be used to determine which information bits shall be omitted from the CSI report. Based on the PUSCH resource allocation, the number of available REs for UCI  is known (whether  corresponds to all the REs in to PUSCH RA or a subset of the REs is not yet decided and does not matter for the subsequent reasoning). The number of REs available for the second CSI part can then be calculated as , where  is the number of REs for the first CSI part and  is the number of REs for HARQ-ACK. The total number of information bits that are available for the second CSI part may then be calculated as , where is an integer controlling the code rate of the second CSI part. If the number of information bits actually contained in the second CSI part, , the overflowing bits   must be omitted.
A simple way of achieving subband based omission is to order the bits in the second CSI part in UCI in a certain fashion and then simply truncate the bitstream to only include the  most significant bits (MSBs). For instance, the CSI parameters/bits can be grouped in a wideband CSI part and a subband CSI part, where the WB CSI occupies the MSBs and the SB CSI occupies the LSBs. The CSIs for the different subbands can then be mapped to bits in an order that does not correspond to increasing order of subband index. Instead, a per-subband interleaver can be applied to map the SB CSIs to bits in an arbitrary order. An example of this is given in Figure 1. In the middle example, the SB CSIs are interleaved so that odd subbands are mapped on the MSBs while even subbands are mapped to the LSBs. Thus, when truncating the LSBs, the even subbands CSI will be omitted first, corresponding to dropping CSI on a size-2 comb. In the bottom example in the figure, the subbands are interleaved so that subbands with subband index  such that  are mapped to the MSBs, then , and so forth, corresponding to omitting CSI on subbands on a size-3 comb.
To implement CSI dropping of the worst subbands, the per-subband interleaver could map subband CSIs where the corresponding subband CQI have the largest value to the MSBs, the subband CSIs with the next largest subband CQI value to the subsequent bits, and so forth.


[bookmark: _Ref494467314]Figure 1: Examples of omission by interleaving subband CSI

[bookmark: _Toc494748986]Omission of SB CSI can generally be implemented by ordering the UCI bits such that SB CSI are mapped to the LSBs in the UCI and interleaving CSI bits on a per-subband basis
[bookmark: _Toc494618391][bookmark: _Toc494637714][bookmark: _Toc494738957][bookmark: _Toc494746753][bookmark: _Toc494748840][bookmark: _Toc494748989]When UCI containing CSI is carried on PUSCH, UCI bits in the second CSI part are ordered so that WB CSI parameters are mapped to the MSBs while subband CSI parameters are mapped to the LSBs
· [bookmark: _Toc494618392][bookmark: _Toc494637715][bookmark: _Toc494738958][bookmark: _Toc494746754][bookmark: _Toc494748841][bookmark: _Toc494748990]Per-subband CSI parameters are interleaved according to a pre-defined pattern
· [bookmark: _Toc494618393][bookmark: _Toc494637716][bookmark: _Toc494738959][bookmark: _Toc494746755][bookmark: _Toc494748842][bookmark: _Toc494748991]If the number of UCI bits are larger than the number of available bits for UCI, a portion of the LSBs are truncated 
From the above proposal, it follows that the entire second CSI part can be dropped if the PUSCH RA is small enough, however that case is not likely to happen.
For UCI containing single-cell single-report CSI, it is fairly straightforward to define an interleaving pattern changing the subband ordering. However, in the case of multiple cells and/or multiple CSI reports multiplexed in a single UCI, the procedure can be a bit more complicated due to the fact that the different cells and/or reports can include different number of subbands. A simple solution is illustrated in Figure 2 below, where the CSI mapping for two cells is shown, where the first cell has 10 subbands while the second cell has 4 subbands. The WB CSIs for each cell/report are consecutively mapped to the MSBs of the second CSI part. The subband CSIs are then grouped per subband, so that subbands with the same (local) subband index of both cells are mapped to bits in consecutive order. The per-subband interleaving of CSI bits are then performed on the subband groups containing all cells/reports, meaning that no special consideration needs to be given for the case with multiple cells/reports. 
Interleaving the CSI from multiple cells/reports in this fashion ensures that omitted CSI is spread out evenly across cells/reports, which causes less significant CSI errors than if the CSI for an entire cell/report would be omitted, as the gNB can interpolate the CSI between subbands.


[bookmark: _Ref494470659]Figure 2: Example of subband interleaving when CSI for two cells are multiplexed in UCI
[bookmark: _Toc494637717][bookmark: _Toc494738960][bookmark: _Toc494746756][bookmark: _Toc494618395][bookmark: _Toc494748843][bookmark: _Toc494748992]When CSI from multiple cells and/or multiple CSI reports are multiplexed in UCI on PUSCH, the following bit ordering is applied in the second CSI part:
· [bookmark: _Toc494637718][bookmark: _Toc494738961][bookmark: _Toc494746757][bookmark: _Toc494748844][bookmark: _Toc494748993]The WB CSIs for each cell/report are consecutively mapped to the MSBs of the second CSI part
· [bookmark: _Toc494637719][bookmark: _Toc494738962][bookmark: _Toc494746758][bookmark: _Toc494748845][bookmark: _Toc494748994]The SB CSIs of the multiple cells/reports are grouped per subband and interleaved according to a pre-defined pattern

It can be discussed what kind of interleaving pattern shall be applied. One option is to adapt the interleaving pattern to the amount of CSI that needs to be omitted. For instance, subbands can be dropped on a size-2 comb when the ratio between the container size and the number of UCI bits exceeds one threshold and subbands can be dropped on a size-3 comb when the ratio is smaller than another threshold. However, using multiple interleaving patterns can complicate implementation. As mismatch between PUSCH RA and UCI size is not likely to happen that often in a proper implementation, it does not make sense to over-optimize the mechanism and therefore a single interleaving pattern can be defined.
[bookmark: _Toc494637720][bookmark: _Toc494738963][bookmark: _Toc494746759][bookmark: _Toc494748846][bookmark: _Toc494748995]The following subband interleaving pattern is used for UCI bit mapping: SB CSI corresponding to odd subband indices are mapped to the MSBs and SB CSI corresponding to even subband indices are mapped to the LSBs, in increasing subband index order

Open issue #3: Detailed triggering mechanism for SP-CSI on PUSCH
This issue is discussed in detail in our companion contribution [2]. The main proposals are copied below for convenience:
[bookmark: _Toc494748847][bookmark: _Toc494748996]SP-CSI is activated and deactivated using a similar approach as LTE SPS, details on bit fields settings are to be further studied
[bookmark: _Toc494748848][bookmark: _Toc494748997]Uplink MIMO is supported for SP-CSI on PUSCH


Open issue #5: Details on triggering A-CSI on PUCCH
It was agreed to support aperiodic CSI reporting on short PUCCH in RAN1#90-AH3. One motivation for this is to allow for more scheduling flexibility, even WB CSIs can be triggered aperiodically and it can be wasteful to spend an entire PUSCH transmission (spanning multiple OFDM symbols) if only transmitting a couple of 10 bits of WB CSI. Another motivation is to allow for same-slot CSI feedback (i.e. Y=0).
Obviously, an A-CSI report must be triggered with DCI by indicating which CSI report(s) shall be reported in the CSI request field. Traditionally, the CSI request field is present in UL-related DCI, as the CSI report in that case is multiplexed with UL-SCH on PUSCH and the UL-related DCI contains the PUSCH RA. However, when the A-CSI report is transmitted on PUCCH, it makes more sense to include a CSI request field in DL-related DCI. Firstly, for the case same-slot CSI reporting (Y=0), the UE is likely being scheduled with PDSCH in the same slot as it is triggered with an immediate CSI report (otherwise, there is little benefit with immediate reporting). Thus, if the CSI request field is not present in the DL-related DCI containing the DL grant, both a UL-related and DL-related DCI would need to be transmitted in the same slot. Secondly, the DL-related DCI already contains a PUCCH resource indicator field for HARQ-ACK, indicating the timing offset and frequency/code location of the PUCCH containing ACK/NACK. This field can be re-used for indicating the PUCCH resource for A-CSI. 
[bookmark: _Toc494748987]Triggering of A-CSI on PUCCH must be done with DL-related DCI
The simplest approach would be to always piggyback the A-CSI report on the same PUCCH that is used to transmit the HARQ-ACK. However, this would limit the flexibility for the gNB. It can also be wasteful in terms of UL resources. As HARQ-ACK is only a few bits, while WB CSI can be on the order of 20 bits, different frequency-allocations and/or PUCCH formats could be required depending on if “HARQ-ACK only” or “HARQ-ACK + CSI” are multiplexed in the PUCCH. Furthermore, it could potentially be beneficial to transmit the HARQ-ACK and CSI that was triggered with the same DCI on different PUCCH resources. For instance, a CSI report with many antenna ports could be triggered, requiring some CSI processing delay by the UE so that the CSI report is transmitted in e.g. slot , while the ACK/NACK could be transmitted in slot . Thus, different PUCCH timing offsets would need to be indicated. Such flexibility can be introduced without increasing DCI overhead. The PUCCH resource indicator field can simply be interpreted differently depending on the presence of DL grant and/or CSI request in the DCI. This is illustrated in Table 3 below. In this example, if bits 00 are indicated, PUCCH resource #1 is used if the DCI contains DL grant only and not a CSI request while PUCCH resource #3 is used if DCI contains CSI request only and no DL grant. If DCI contains both DL grant and CSI request, PUCCH resource #7 is used. Further in the example, if bits 10 are indicated, PUCCH resource #3 is used for HARQ-ACK and PUCCH resource #2 is used for CSI, if both are triggered simultaneously, separate PUCCH resources are used for the respective transmissions.

[bookmark: _Ref494630603]Table 3: Example of differently interpreting the PUCCH resource indicator field depending on if DL-related DCI contains DL grant and/or CSI request
	PUCCH resource indicator bitfield
	HARQ-ACK only
	CSI only
	HARQ-ACK+CSI

	00
	PUCCH resource #1
	PUCCH resource #3
	PUCCH resource #7

	01
	PUCCH resource #2
	PUCCH resource #5
	PUCCH resource #8

	10
	PUCCH resource #3
	PUCCH resource #2
	{PUCCH resource #3, PUCCH resource #2}

	11
	PUCCH resource #4
	PUCCH resource #6
	{PUCCH resource #4, PUCCH resource #6}



Based on this discussion, we propose:

[bookmark: _Toc494637721][bookmark: _Toc494738964][bookmark: _Toc494746760][bookmark: _Toc494748849][bookmark: _Toc494748998]To support aperiodic CSI feedback on PUCCH, a CSI request field can be configured to be present in DL-related DCI
· [bookmark: _Toc494637722][bookmark: _Toc494738965][bookmark: _Toc494746761][bookmark: _Toc494748850][bookmark: _Toc494748999]PUCCH resource indicator field in DL-related DCI indicates PUCCH resource for the triggered CSI report
· [bookmark: _Toc494637723][bookmark: _Toc494738966][bookmark: _Toc494746762][bookmark: _Toc494748851][bookmark: _Toc494749000]The field is interpreted differently depending on if DCI contains DL grant only, CSI request only, or both
· [bookmark: _Toc494637724][bookmark: _Toc494738967][bookmark: _Toc494746763][bookmark: _Toc494748852][bookmark: _Toc494749001]Both bundling of HARQ-ACK and CSI in same PUCCH as well as indication of separate PUCCH is supported

In the agreed WF, support of A-CSI on PUCCH for CSI triggering offsets larger than zero was left as a working assumption. It should be noted that Y=0 is the most difficult case for a UE to handle, as it requires fast CSI calculation. Since the mechanisms for A-CSI on PUCCH is introduced in the spec regardless, limiting its support to only Y=0 seems like a very artificial restriction.  Therefore, we propose:
[bookmark: _Toc494637725][bookmark: _Toc494738968][bookmark: _Toc494746764][bookmark: _Toc494748853][bookmark: _Toc494749002]Confirm the working assumption to support A-CSI on PUCCH for Y>0
The agreement in RAN1#90-AH3 only added support for A-CSI on short PUCCH. However, the same mechanism could be used to support A-CSI on long PUCCH as well, which could be beneficial for reliability if e.g. CSI and HARQ-ACK is bundled together in a single PUCCH. Furthermore, it increases scheduling flexibility at the gNB.
[bookmark: _Toc494637726][bookmark: _Toc494738969][bookmark: _Toc494746765][bookmark: _Toc494748854][bookmark: _Toc494749003]Aperiodic CSI feedback can be carried on long PUCCH

Open issue #4: Support of SP-CSI on short/long PUCCH
In RAN1#90, it was agreed that SP-CSI potentially could be supported on short PUCCH / long PUCCH / PUSCH, with potential downselection. In RAN1#90-AH3 it was agreed that SP-CSI is supported on PUSCH, with LTE SPS-like triggering. Thus, the question remains if SP-CSI is supported on short / long PUCCH as well.
In RAN1#89-AH2 Qingdao, it was agreed that Type I subband CSI can be carried on either one of PUSCH and long PUCCH. Since only WB CSI is supported for periodic CSI feedback, this implies that either A-CSI or SP-CSI (or both) must support being carried on long PUCCH for the agreement to be fulfilled. Furthermore, according to agreement in RAN1#90-AH3, the use of short or long PUCCH resource for a PUCCH-based CSI report is configured, meaning that either both short/long PUCCH or none of them must be supported for SP-CSI. 
[bookmark: _Toc494637727][bookmark: _Toc494738970][bookmark: _Toc494746766][bookmark: _Toc494748855][bookmark: _Toc494749004]In order to keep down the number of reporting modes, we believe that it is sufficient to support SP-CSI on PUSCH and A-CSI on long PUCCH. Therefore, support for SP-CSI can be further studied. FFS if semi-persistent CSI reporting on PUCCH is supported


Open issue #6: Determine subband sizes 
In RAN1#90-AH3, it was agreed that a subband is defined as N contiguous PRBs, where the value of N depends on the bandwidth of the active bandwidth part and that it is FFS if N is fixed for a certain bandwidth or is configurable from a set of values or if it depends on RBG / PRG size.
In LTE, the subband sizes are defined according to Table 4 below, where an 8 PRB subband size is used for the largest BW of 20MHz (100 PRBs). The appropriate size of the subband is a trade-off between CSI accuracy/averaging loss and UL feedback overhead. As the UL carrier bandwidth (which relates to UL feedback capacity) may be smaller than the DL carrier bandwidth, it makes sense to increase the subband size with increasing DL carrier bandwidth to not overload the uplink with CSI (furthermore, the UL is generally more power-limited). 
[bookmark: _Ref494634772][bookmark: OLE_LINK8][bookmark: OLE_LINK7]Table 4: Subband Size (k) vs. System Bandwidth in LTE
	System Bandwidth
	Subband Size

	

	(k)

	6 - 7
	NA

	8 - 10
	4

	11 - 26
	4

	27 - 63
	6

	64 - 110
	8



While NR supports carrier bandwidths of up to 100 MHz, it also supports variable subcarrier spacing, and the maximum number of PRBs, [image: ], is equal to 275 PRBs. For simplicity, the subband size should depend on the number of resource blocks in the active BWP only and not the subcarrier spacing.
Regarding subband size dependence on PRG size, this may not be feasible since PRG size can change dynamically between two pre-configured values via triggering bit in DCI. Furthermore, agreed PRB bundling sizes are 2 and 4. From feedback overhead perspective, having smaller PRG size than 4 could be infeasible. Therefore, the subband size should be independent from PRG size. Regarding RBG, agreed RBG values are 2,4,8,16. However, there are no agreements yet on if the RBG size is fixed or configured, therefore it is not clear if subband size can depends on RBG size. Furthermore, even if it does not make sense to report SB CQI with finer granularity than RBG size if Type 0 resource allocation is used, it could still be beneficial if Type I resource allocation is used, and PMI feedback can benefit from finer frequency-granularity regardless. Thus, subband size could be independent of RBG size as well.
Unless a benefit of configurable subband sizes can be shown, fixed subband sizes shall be supported for NR. A starting point for discussion can be the values in Table 5 below.

[bookmark: _Toc494637728][bookmark: _Toc494738971][bookmark: _Toc494746767][bookmark: _Toc494748856][bookmark: _Toc494749005]Adopt the subband sizes in Table 5 for NR

[bookmark: _Ref494637337]Table 5: Proposals for subband sizes in NR
	Bandwidth of active BWP
	Subband Size

	

	(N)

	24 - 63
	6

	64 - 110
	8

	110 - 160
	10

	161-210
	12

	211-275
	16




Open issue #7: Detailed CBSR scheme
In RAN1#90, it was agreed that CBSR for Type I single-panel codebook ranks 3&4 with >=16 ports use a single bitfield and determines restricted  depending on restricted , but the details are FFS.
In our companion contribution [1], we present and motivate a way of achieving such CBSR. The detailed proposal is copied below for convenience.
[bookmark: _Toc494738972][bookmark: _Toc494746768][bookmark: _Toc494748857][bookmark: _Toc494749006]For codebook subset restriction for Type I single-panel codebook, beam restriction for rank 3-4 codebooks for 16,24 and 32 ports is based only on the bitmap of length  that defines the beam restriction for remaining ranks
· [bookmark: _Toc494738973][bookmark: _Toc494746769][bookmark: _Toc494748858][bookmark: _Toc494749007]A rank 3-4 PMI is restricted if it contains a restricted beam 
·  is restricted if any of such that     are restricted
· [bookmark: _Toc494738975][bookmark: _Toc494746771][bookmark: _Toc494748860][bookmark: _Toc494749009]Restriction of  is given by the bitmap of length 

 Open issue #8: CSI reporting periodicities
[bookmark: _Toc494738976][bookmark: _Toc494746772][bookmark: _Toc494748861][bookmark: _Toc494749010]Another open issue is what CSI reporting periodicities shall be supported for P/SP-CSI reporting. In LTE, periodicity of [1,2 depending on frame structure],5,10,20,40,80,160 ms can be configured, and this can be used as a starting point for NR as well. It has already been agreed that with SP-CSI containing Type II reports, the minimum periodicity is 5 ms. Consider at least 2, 5, 10, 20, 40, 80, 160 ms as CSI reporting periodicities for P/SP-CSI, at least for Type I reporting
Open issue #9: Aperiodic CSI triggering offsets
In RAN1#90-AH2 Qingdao, the following was agreed regarding aperiodic CSI triggering offsets on PUSCH:
· For aperiodic CSI reporting on PUSCH, Y is indicated by DCI.
· DCI to be used for indicating the timing for PUSCH is also used to indicate Y.
· This applies to both UCI only and UCI+Data PUSCH
· The set of values is configured by higher layer
· The candidate set of values of Y is selected according to restricted conditions inferred from configuration of CSI related settings.
· The condition include at least;
· CSI parameter
· Number of CSI-RS antenna ports if PMI is included
· CSI-RS location
· Frequency granularity of CSI
· FFS: number of simultaneous CSI calculations
· FFS on mechanisms to relax CSI report timing according to number of simultaneous CSI calculations
· FFS different or same candidate Y value for the cases of UCI multiplexed with data and UCI only 

In our view, as Y=0 CSI feedback is supported for PUCCH, there is no need to further restrain the Y values for CSI on PUSCH. Instead, the same set of Y-values can be used regardless if UCI is present in PUSCH, unless it can be clearly motivated that such operation is unfeasible. 
[bookmark: _Toc494738977][bookmark: _Toc494746773][bookmark: _Toc494748862][bookmark: _Toc494749011]Allowed PUSCH timing offsets Y are the same regardless if UCI is present or not






Conclusions
In this contribution, we made the following observations:
Observation 1	Joint encoding of RI,  and  only saves 1 bit for one possible value of the number of beams L, while it increases specification and implementation complexity
Observation 2	Omission of SB CSI can generally be implemented by ordering the UCI bits such that SB CSI are mapped to the LSBs in the UCI and interleaving CSI bits on a per-subband basis
Observation 3	Triggering of A-CSI on PUCCH must be done with DL-related DCI


We make the following proposals:
Proposal 1	In the first part of a Type II CSI report, RI,  and  are mapped to independent fields in TS 38.212
Proposal 2	When UCI containing CSI is carried on PUSCH, UCI bits in the second CSI part are ordered so that WB CSI parameters are mapped to the MSBs while subband CSI parameters are mapped to the LSBs
		Per-subband CSI parameters are interleaved according to a pre-defined pattern
		If the number of UCI bits are larger than the number of available bits for UCI, a portion of the LSBs are truncated
Proposal 3	When CSI from multiple cells and/or multiple CSI reports are multiplexed in UCI on PUSCH, the following bit ordering is applied in the second CSI part:
		The WB CSIs for each cell/report are consecutively mapped to the MSBs of the second CSI part
		The SB CSIs of the multiple cells/reports are grouped per subband and interleaved according to a pre-defined pattern
Proposal 4	The following subband interleaving pattern is used for UCI bit mapping: SB CSI corresponding to odd subband indices are mapped to the MSBs and SB CSI corresponding to even subband indices are mapped to the LSBs, in increasing subband index order
Proposal 5	SP-CSI is activated and deactivated using a similar approach as LTE SPS, details on bit fields settings are to be further studied
Proposal 6	Uplink MIMO is supported for SP-CSI on PUSCH
Proposal 7	To support aperiodic CSI feedback on PUCCH, a CSI request field can be configured to be present in DL-related DCI
		PUCCH resource indicator field in DL-related DCI indicates PUCCH resource for the triggered CSI report
		The field is interpreted differently depending on if DCI contains DL grant only, CSI request only, or both
		Both bundling of HARQ-ACK and CSI in same PUCCH as well as indication of separate PUCCH is supported
Proposal 8	Confirm the working assumption to support A-CSI on PUCCH for Y>0
Proposal 9	Aperiodic CSI feedback can be carried on long PUCCH
Proposal 10	FFS if semi-persistent CSI reporting on PUCCH is supported
Proposal 11	Adopt the subband sizes in Table 5 for NR
Proposal 12	For codebook subset restriction for Type I single-panel codebook, beam restriction for rank 3-4 codebooks for 16,24 and 32 ports is based only on the bitmap of length  that defines the beam restriction for remaining ranks
		A rank 3-4 PMI is restricted if it contains a restricted beam 
		 is restricted if any of such that     are restricted
		Restriction of  is given by the bitmap of length 
Proposal 13	Consider at least 2, 5, 10, 20, 40, 80, 160 ms as CSI reporting periodicities for P/SP-CSI, at least for Type I reporting
Proposal 14	Allowed PUSCH timing offsets Y are the same regardless if UCI is present or not
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