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Introduction
Rel-16 MIMO enhancement WI was approved with the following scope [1]. Among the scope, Type II CSI feedback enhancement for MU-MIMO support is one of the main topics. 

	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



Rel-15 NR type II CSI reporting has the potential to provide more accurate CSI information in order to facilitate MU-MIMO pairing at the gNB scheduler side. However, it also suffers from some limitation 

1. Rel-15 NR type II CSI reporting supports maximum of 2 layers and linear combination of up to 4 spatial bases for each layer 
2. Rel-15 NR type II CSI reporting incurs large overhead especially when the number of subbands are large 

The frequency domain DFT based approach was agreed to be the fundamental mechanism for coefficient compression [2] 

	Agreement
For Rel-16 NR, agree on Alt1 (DFT-based compression) in Table 1 of R1-1813002 as the adopted Type II rank 1-2 overhead reduction (compression) scheme as formulated in Alt1.1 of R1-1813002
· Note: The same DFT-based compression scheme is extended for Type II port selection codebook
· Codebook subset restriction (CBSR) is supported when DFT-based compression is utilized for Type II codebooks with overhead reduction (compression) scheme
· FFS: detailed signaling mechanism 
· Note: Additional compression scheme(s) are not precluded 



The following equation illustrates the general ideal of CSI overhead reduction with DFT based frequency domain compression.
[image: ]
In the last RAN1#98b meeting, the following agreement was reached in terms of the detailed design on how to compress feedback coefficients based on the frequency basis as well as how to support CBSR and port selection for Rel-16 Type II codebook [3]

	Agreement
On further details for CSI reporting pertaining to the Rel.16 Type II codebook: 
· SP CSI reporting of Part-1-only CSI on PUCCH format 3 and 4 is not supported

Agreement
On UE capability issues: 
· For a UE capable of Rel.16 Type II codebook, agree on the following:
· Mandatory support for L=2, 4 
· Supported without additional UE capability signalling
· Mandatory support for maximum rank of 1 and 2
· FFS whether the support for maximum rank 3 and 4 is mandatory or not 
· Supported without additional UE capability signalling
· Separate UE capabilities for the “regular” Rel.16 Type II and Rel.16 Type II port selection codebooks
· Note: for discussion purposes:
· “Mandatory” implies that the (sub-)feature is always supported when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered basic. Rel.16 Type II codebook is a UE optional feature.
· “Optional” implies that a separate UE (sub-)capability is needed (hence not necessarily supported) even when the UE is capable of Rel.16 Type II codebook. In other words, this feature is considered advanced.   

Agreement
On CBSR for Rel.16 Type II codebook, support beam-group-based restriction analogous to Rel.15 Type II codebook. 

Agreement
On Rel.16 extension for Type II port selection codebook to rank-3 and 4, support extension with simple reuse of Rel.15 W1 matrix (i.e. layer-common W1).

Agreement
For amplitude restriction mechanism:
· Alt 0. Analogous to Rel.15 Type II (SD beam group restriction + per coefficient hard amplitude restriction)
· Four beam groups are selected via higher-layer configured bitmap B1
· 

For each spatial beam in each of the four beam groups, hard restriction (maximum amplitude of 0 or 1) is applied to any of the coefficients associated with the beam (the restriction is applied for both polarizations of the beam). This maximum amplitude restriction is higher-layer configured with four bitmaps  
· 



Alt 3A from RAN1#98 (soft with sum-power-ratio constraint), simplified to  for each  where  denotes the number of NZCs associated with .
· 
The value of  is configured from the Rel.15 2-bit amplitude restriction table
· The number of beam-groups is the same as Rel.15 Type II CBSR
Support Alt0 as mandatory and Alt3A (described above) as optional analogous to Rel.15 Type II codebook. 
· Cf. Notes in UE capability agreement in RAN1#98bis regarding “mandatory” and “optional”

Agreement
For Rel.16 Type II codebook, when R=2:
· When the actual CQI sub-band size is equal to the configured CQI sub-band size, the CQI sub-band is split into two equal parts wherein each part corresponds to a PMI sub-band. 
· For edge CQI sub-bands:
· When an edge CQI sub-band size is less than or equal to the half of the configured CQI sub-band size, there is only one PMI sub-band with the same size as the edge CQI sub-band. 
· Otherwise, when an edge CQI sub-band size is greater than half of the configured CQI sub-band size, there are two PMI sub-bands wherein the size of the edge PMI sub-band is smaller than the other PMI sub-band (whose size is half of the configured CQI sub-band size).

Conclusion
For Rel.16 Type II codebook, there is no consensus in introducing restriction to support only contiguous sub-band configuration for CSI reporting

Agreement 
On UCI omission for Rel.16 Type II codebook, the following scheme is supported:
· 



Priority level definition: If priority levels of two LCCs and are such that Prio(,l2,m2)< Prio(,l1,m1), LCC  has a higher priority over 
· 

Non-zero LC coefficients and bits of bitmap  are prioritized/ordered from high to low priority according to (,l,m) with the same priority function Prio(,l,m)
· 



G1 comprising the  highest priority non-zero LC coefficients  and the  highest priority bits of bitmap
· 



G2 comprising the  lowest priority non-zero LC coefficients  and the  lowest priority bits of bitmap 
· The priority level is calculated as Prio(,l,m)=2L.RI.P(m)+RI.l+ where P(m) maps the index m according to the following order of the corresponding FD components (if selected): 0, N3-1, 1, N3-2, 2, .... 



In this contributions, we provide our view on the remaining issue for Type II CSI enhancement 
UE Capability Related to RI/L/R
Rel-16 Type II CSI enhancement aims to reduce the CSI feedback overhead, at the same time, it also aims to improve the CSI feedback accuracy. For the latter part, it was agreed to support three enhancement (1) 3 and 4 layers reporting, i.e. RI=3/4. (2) linear combination of up to 6 spatial basis, i.e. L = 6 and (3) up to 2 PMI for CQI subband, i.e. R = 2. On one side, those enhancement ensures higher resolution CSI reporting, on the other side, it potentially increase the UE complexity as well as increase CSI feedback overhead.

It is important to note that UE computational complexity of measuring, calculating and reporting Type II CSI is a function of many factors, including but not limited to number of CSI-RS ports, number of UE Rx ports, N3 (R), L and RI etc. Simply from computational complexity perspective, it is impossible to separately treat each parameter independently.

However, it is more important to separate the concept of computational complexity from the UE complexity associated with algorithm-design/implementation/verification/testing etc. For example, R = 2 requires UE to report 2 PMI per CSI sub-band. In Rel-15, up to 19 CQI sub-bands can be configured for UE CSI reporting. In Rel-16, a UE can be configured to report 9 CSI-sub-band and R=2, which is equivalent to N3=18 PMI computation and reporting. In terms of the computational complexity, we agree that it is roughly similar as the 18 CQI sub-band reporting with R=1. However, in terms of the algorithm-design/implementation/verification/testing complexity, they are not the same. For example, the edge CQI sub-band treatment was agreed in the last meeting in which two PMI sub-band can have significantly different size. Furthermore, it is reasonable to assume that, under certain scenarios, 2 PMI may have difference CQI which lead to many different scenarios that UE has to map 2 different CQI with different number of REs to a single CQI for reporting. This clearly increases the design/implementation/verification/testing complexity. 

From device perspective, we prefer NOT to require UE to support multiple combinations of settings using similar computational complexity as argument since it opens up precedence for further complication, potentially in many other UE capability related discussions. Therefore, we have the following proposal

Proposal 1:NR Rel-16 allows independent capability signalling for RI/L/R. More specifically 
1. R=2 is an optional feature and can be independently signalled by UE
2. L=6 is an optional feature and can be independently signalled by UE
3. RI=3/4 is an optional feature and can be independently signalled by UE. FFS, whether further separate capability is needed for {RI=3, RI=3/4}
CPU Occupancy Rule for RI/L/R
As we discussed before, once implemented, the computation complexity of Rel-16 Type II CSI reporting is directly related to N3, R and RI. However, depends on the algorithm used for computing Type II CSI reporting, the impact of each parameter on the computational complexity can be different.

We can use L as an example. If the CSI computation relies on SVD of the covariance matrix of the channel estimate and then project the stronger eigen vector into the spatial basis, then the impact from L could be minor. On the other side, if the CSI computation replies hypothetical testing of different combinatorial choices of L spatial basis, then the impact from L could be higher. Different algorithm has pros and cons in terms of multiple factors such as accuracy, robustness, complexity under different parameter setup. However, one thing for sure is that N3>19/RI=3,4/L=6 will increase the computational complexity, therefore, relaxation of CPU occupancy rule is needed to accommodate increased UE complexity.
 
We also acknowledge that multiple combinations of the settings exist, and we are open for further discussion. As starting point, we have the following proposals

Proposal 2: L=6/RI=3,4/N3>19 should occupy 2 CPU. More specifically
1. L = 6 occupies 2 CPU
2. N3 > 19 occupies 2 CPU
3. RI = 3,4 occupies 2 CPU
4. FFS: combinations of L=6, RI=3/4 and/or N3>19   
Clarification for Parameter Combination Table for L=6
It was agreed to support 8 parameter combinations in RAN1#98 [4]

	Agreement
On the supported parameter combinations
· The following parameter combinations are supported:
	L
	p = y0 (RI= 1-2)
	p = v0 (RI= 3-4)
	β
	Restriction (if any)

	2
	¼ 
	1/8
	¼ 
	

	2
	¼ 
	1/8
	½ 
	

	4
	¼ 
	1/8
	¼ 
	

	4
	¼ 
	1/8
	½ 
	

	4
	½ 
	¼ 
	½
	

	6
	¼ 
	-
	½ 
	RI=1-2, 32 ports

	4
	¼ 
	¼ 
	¾ 
	

	6
	¼ 
	-
	¾ 
	RI=1-2, 32 ports



· Support only 16PSK co-phasing, i.e. 8PSK co-phasing is not supported



Among which, 2 settings, i.e. 6th and 8th, are for L=6. It was also agreed in RAN1#96bis [4] that L=6 only applies to R=1. 

	Agreement
Support L=6 for the following combinations of p and beta
· p value equals to 1/4, beta value equals to {1/4, ½, 3/4}
· p value equals to 1/2, beta value equals to 1/4
Above applies only for the case of 32 ports, rank 1 or 2, R=1
Note that the payload size for L=6 should not exceed that of Rel-15 type-2 codebook
The above feature is UE optional
FFS: Further specification support to relax UE processing complexity



As results, we propose to clarify the parameter setting agreement as 

Proposal 3: Clarify the agreement on 8 parameter combinations as 
	L
	p = y0 (RI= 1-2)
	p = v0 (RI= 3-4)
	β
	Restriction (if any)

	2
	¼ 
	1/8
	¼ 
	

	2
	¼ 
	1/8
	½ 
	

	4
	¼ 
	1/8
	¼ 
	

	4
	¼ 
	1/8
	½ 
	

	4
	½ 
	¼ 
	½
	

	6
	¼ 
	-
	½ 
	RI=1-2, 32 ports, R=1

	4
	¼ 
	¼ 
	¾ 
	

	6
	¼ 
	-
	¾ 
	RI=1-2, 32 ports, R=1



Conclusion
Rel-15 NR type II CSI reporting has the potential to provide more accurate CSI information in order to facilitate MU-MIMO pairing at the gNB scheduler side. However, it also suffers from some limitation 

1. Rel-15 NR type II CSI reporting supports maximum of 2 layers 
2. Rel-15 NR type II CSI reporting incurs large overhead especially when the number of subbands are large
 
In terms of Type II CSI reporting overhead reduction. Frequency domain DFT based approach was agreed [2]. In this contributions, we provide our proposals for the remaining issues regarding Type II CSI enhancement 

Proposal 1:NR Rel-16 allows independent capability signalling for RI/L/R. More specifically 
1. R=2 is an optional feature and can be independently signalled by UE
2. L=6 is an optional feature and can be independently signalled by UE
3. RI=3/4 is an optional feature and can be independently signalled by UE. FFS, whether further separate capability is needed for {RI=3, RI=3/4}

Proposal 2: L=6/RI=3,4/N3>19 should occupy 2 CPU. More specifically
1. L = 6 occupies 2 CPU
2. N3 > 19 occupies 2 CPU
3. RI = 3,4 occupies 2 CPU
4. FFS: combinations of L=6, RI=3/4 and/or N3>19   

Proposal 3: Clarify the agreement on 8 parameter combinations as 
	L
	p = y0 (RI= 1-2)
	p = v0 (RI= 3-4)
	β
	Restriction (if any)

	2
	¼ 
	1/8
	¼ 
	

	2
	¼ 
	1/8
	½ 
	

	4
	¼ 
	1/8
	¼ 
	

	4
	¼ 
	1/8
	½ 
	

	4
	½ 
	¼ 
	½
	

	6
	¼ 
	-
	½ 
	RI=1-2, 32 ports, R=1

	4
	¼ 
	¼ 
	¾ 
	

	6
	¼ 
	-
	¾ 
	RI=1-2, 32 ports, R=1
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