3GPP TSG RAN WG1 Meeting #117	R1-2405239
Fukuoka, Japan - May 20 to 24, 2024

Agenda Item:	9.2.2
Source: CEWiT
Title:	Discussion on CSI Enhancements
Document for:	Decision
[bookmark: _gjdgxs]
1 [bookmark: _xl2dgc5pmumw]Introduction
In RAN#102, a work item for NR MIMO evolution for downlink and uplink [1] was agreed with the following objectives.

1. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
0. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
0. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
0. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design


In RAN1#116-bis, the following agreements were made on CSI enhancements for up to 128 CSI-RS ports and UE reporting enhancement for CJT


Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all K NZP CSI-RS resources shall be located within 1 slot or 2 consecutive slots (following legacy principle from Rel-18 Type-II CJT), and are associated with a same CSI-RS resource set:
· FFS(RAN1#116bis): Whether ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability 
· FFS (RAN1#116bis): Verify if this can be achieved without refinement on CSI-RS resource set restrictions (i.e. same CDM type, same RE density, same starting RB for 0.5 RE/RB/port density, same number of RBs, for AP-CSI-RS same slot offset). If not, the supported refinement(s)
· FFS (RAN1#116bis): Whether additional restriction(s) beyond the restrictions on the CSI-RS resources associated with a same resource set are needed (e.g. same QCL, PCoffset, PCOffsetSS)
· FFS (RAN1#116bis): Extension for Rel-19 Type-II based on Rel-18 Type-II Doppler with aperiodic CMR


Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· Scheme-B (based on Scheme2 in RAN1#116 agreement): Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed

Agreement
For the Rel-19 Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, on CBSR, refine the legacy CBSR as follows:
· Only 1-bit hard restriction is supported (analogous to Rel-18 Type-II)
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· Group-based CBSR granularity where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/-II codebooks with a same (N1,N2).

Agreement
For the Rel-19 Type-I codebook refinement for 48, 64, and 128 CSI-RS ports, the (N1,N2) values for P=64 are supported as a part of the respective basic feature, while those for P=48 and P=128 are supported as two separate UE capabilities


Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· For Rel-15 Type-I Single Panel codebook, M is NW-configured via higher-layer (RRC) signaling with candidate value(s) of {1, …, min(4,KS)}
· The maximum value of M is subject to UE capability
· For Rel-16 eType-II, M=1 is supported
· The maximum value of KS is {1,2,3,4} and subject to UE capability 
· The support for Rel-16 eType-II is a separate UE capability at least from the support for Rel-19 Type-I and Type-II codebook refinements
· FFS (RAN1#116bis): The support for M=2, and if so, the value of M={1, 2} is NW-configured via higher-layer (RRC) signaling, and if additional restriction(s) are needed
FFS: The determination of M reported beams
Note: Selection algorithm of CRI(s) from measurement of KS>1 NZP-CSI-RS resources is up to UE implementation.

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, support the following time-domain behaviours:
· For Rel-15 Type-I SP codebook:
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)
· Periodic CSI (channel(s) and multiplexing follows legacy), hence wideband PMI only
· Semi-persistent CSI (channel(s) and multiplexing rules follows legacy)
· For Rel-16 eType-II codebook:
· Semi-persistent CSI on PUSCH (channel(s) and multiplexing rules follows legacy)
· Aperiodic CSI (channel(s) and multiplexing rules follows legacy)


Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the following report quantities are supported:
· ‘cri-RI-PMI-CQI ‘
· ‘cri-RI-LI-PMI-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1-CQI’ (only for Type-I)
· FFS: ‘cri-RI-i1’ (only for Type-I)

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, reuse the legacy CMR and IMR rules for the Rel-15 CRI-based reporting. This includes:
· All the KS NZP CSI-RS resources are associated with a same CSI-RS resource set
· KS CSI-IM resources can be configured (implying one-to-one correspondence between KS CMRs and KS CSI-IMs)
FFS: Whether all the KS NZP CSI-RS resources share a same Pcoffset and PcoffsetSS
FFS: Whether or not NZP CSI-RS resource for interference measurement can be configured. FFS further details.


Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement

Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support the following refinement on the K>1 CSI-RS resources associated with a same CSI-RS resource set:
· Allow per-resource configuration of evenPRBs or oddPRBs for 0.5 RE/RB/port density 
· For AP-CSI-RS, allow resource-specific slot offset when the K NZP CSI-RS resources are located in two consecutive slots
· FFS: details on how to configure/determine the slot offsets

Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all the K>1 NZP CSI-RS resources also share the same QCL, PCoffset, and PCoffsetSS. In addition: 
· ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)


Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, the UCI parameters are captured in the tables below for Scheme-A and Scheme-B:
· Note: The second column includes the location of the parameters when reported with two-part UCI
· FFS (RAN1#117): Select between Alt1 and Alt2 for Scheme-B

Scheme-A
Parameter
UCI
Details/description
Status
RI
Part 1
Same as Rel-15 Type-I SP: RI=v
Complete
Wideband CQI for the first TB
Part 1
Same as Rel-15 Type-I SP
Complete
Subband differential CQI for the first TB (*)
Part 1
Same as Rel-15 Type-I SP
Complete
Wideband CQI of the second TB
Part 2

Wideband
Same as Rel-15 Type-I SP
Only present when v >4 
Complete
Subband CQI of the second TB (*)
Part 2

Subband
Same as Rel-15 Type-I SP
Only present when v >4
Complete
First SD basic vector selection indicator
Part 2 

Wideband
v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of Rel-15 Type-I SP codebookMode=1
v=5-8: FFS
v=1-4: Complete
v=5-8: Pending
Second SD basis vector selection indicator
Part 2 

Wideband
v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R15 Type-I codebookMode=1 
v=5-8: FFS
v=1-4: Complete
v=5-8: Pending
Inter-pol co-phase selection indicator
Part 2

Wideband or Subband (**)
v=1-4: Same as Rel-15 Type-I SP with the scheme following < 16-port design of R16 Type-I codebookMode=1
v=5-8: FFS
v=1-4: Complete
v=5-8: Pending


Scheme-B
Parameter
UCI
Details/description
Status
RI
Part 1
Same as Rel-15 Type-I SP: RI=v
Complete
Wideband CQI for the first TB
Part 1
Same as Rel-15 Type-I SP
Complete
Subband differential CQI for the first TB (*)
Part 1
Same as Rel-15 Type-I SP
Complete
Wideband CQI of the second TB
Part 2

Wideband
Same as Rel-15 Type-I SP
Only present when v>4
Complete
Subband CQI of the second TB (*)
Part 2

Subband
Same as Rel-15 Type-I SP
Only present when v >4
Complete
SD basis oversampling (rotation) factor q1, q2
Part 2

Wideband
v=1-4: Values of q1, q2 follow Rel-16 eType-II,  bit indicator
v=5-8: FFS
v=1-4: Complete
v=5-8: Pending
SD basis vector selection indicator for each layer
Alt1: Part 1
Alt2: Part 2 

Wideband
v=1-4: 
· Alt1:  bit indicator per layer l=1, …, RIMAX
· Alt2:  bit indicator per layer l=1, …, v
v=5-8: FFS
Pending
Inter-pol co-phase selection indicator for each layer
Part 2

Wideband or Subband (**)
v=1-4: 
· Alt1: QPSK with orthogonality constraints across v layers
· Alt2: QPSK: 2-bit indicator per layer l=1,…,v
v=5-8: FFS
Pending


Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed p rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded

Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1,N2).
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, on the configured KS>1 NZP CSI-RS resources, Pcoffset and PcoffsetSS are CSI-RS-resource-specific (i.e. configured independently across resources)


Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, SD basis selection is independently signalled per CRI (per CSI-RS resource)

Proposal 2.A.2: 
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource, R=1 only, and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signalling
· The maximum value of M is subject to UE capability
· on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured


In this contribution, we propose our views on the issues related to CSI enhancements for up to 128 CSI-RS ports and UE reporting enhancements for CJT.

2    Introduction

Massive MIMO is one of the key technologies that enables high downlink spectral efficiency in 5G NR. There has been continuous progress in NR for supporting various features of MIMO technology since Rel-15 to Rel-18. Due to the shift in market from 32T32R to 64T64R, the need to increase the number of supported CSI-RS ports to more than 32 arose to fully realize the potential higher available of RF chains. In RAN #102 meeting, it has been approved to work on enhancements to the existing specifications to effectively support CSI-RS for greater than 32 ports.


3    CSI enhancements for up to 128 CSI-RS Ports

3.1 Type-1 Codebook Enhancements

Current NR specification supports various types of codebooks such as Type-I SP, Type-I MP, Type-II, Type-II PS, eType-II, eType-II PS, FeType-II PS, eType-II for CJT, FeType-II PS for CJT, eType-II for predicted PMI and FeType-II for predicted PMI. These codebooks are designed assuming up to 32 CSI-RS ports except for CJT codebook. The CJT codebook is designed to support coherent transmission from multiple TRPs where each TRP contains up to 32 CSI-RS ports. Hence, in CJT, the precoder design supports for up to 128 ports assuming 4 TRPs. In order to realize the benefits of increased number of TRx chains at the BS, an optimal precoder should be designed. In RAN#102, it has been agreed refine Type-I and Type-II codebooks for supporting up to 128 CSI-RS ports, assuming legacy CSI-RS resources. 

In RAN1 #116 meeting, multiple schemes have been proposed for Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI = 1-4. In RAN1 #116, it was agreed that RI = 5-8 is also supported for R19 Type-1 codebook refinement for up to 128 CSI-RS ports focusing on reduced complexity design. In the previous RAN1 meeting, it was agreed that two schemes, Scheme-A and Scheme-B, are supported for Type-1 SP codebook refinement for ranks 1-4. Scheme-A is a basic extension of R15 Type-1 SP codebook by adding new (N1, N2) values to the existing R15 Type-1 SP codebook. Scheme-A is a low complexity scheme. Scheme-B is a more advanced scheme compared Scheme-B. In Scheme-B, one SD basis vector is independently selected for different layers. Scheme-B gives better performance than Scheme-A because of the free selection of beams across layers but this comes with the cost of higher computational complexity.

Both Scheme-A and Scheme-B are designed for up to RI = 1-4. Hence, the methods to extend the aforementioned schemes to RI 5-8 should be discussed. We present our views on this issue in this document. In the previous meeting, multiple Schemes have been proposed by multiple proponents for extending the codebook design for RI 5-8. The proposed schemes are as below

Scheme 1: Adding new (N1, N2) values for the Rel-15 Type-1 RI = 5-8
Scheme 2: 
	-  structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of  orthogonal SD DFT basis vectors via combinatorial indication
	-  structure: 
		- For inter-polarization co-phasing, M codepoints for the orphan layer and M/2				 codepoints for two layers sharing the same SD basis vector
		- A fixed  rotation of inter-polarization co-phasing between two layers sharing a same			 SD basis vector to achieve orthogonality
Scheme 3: The 1st beam is freely selected and subsequent 2 beams (RI = 5-6) or 3 beams (RI = 7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI = 5-8. One co-phasing across all layers  {1,j}, following legacy Rel-15 Type-1 RI = 5-8
Scheme 4: Concatenate two independently calculated RI = 1-4 PMIs for RI = 5-8 to reduce UE complexity where each PMI is calculated from the agreed RI = 1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports. 

Among the schemes proposed, Scheme-1 can be an extension of Scheme-A (RI = 1-4) as both Scheme-1 and Scheme-A are derived from R15 Type-1 SP codebook. Scheme-1 is a low complexity scheme and should be supported as a basic scheme along with Scheme-A. Hence, we support Scheme-1 as an extension for RI = 5-8 for Scheme-A.

Proposal 1: Support Scheme 1 as extension for Scheme-A for RI = 5-8

Scheme-B is supported for better performance compared with Scheme-A for RI = 1-4. In Scheme-B, free selection of SD basis is supported for each layer i.e., a unique SD basis vector can be selected for each of the layer. With the increase in number of CSI-RS ports, the number of SD basis vectors also increases. For example, in the case of 128 ports, 64 SD basis vectors are present in each of the  orthogonal beam sets and for a given rank r, the number of available combinations are  for each of the orthogonal beam set. Though the amount of complexity is barely acceptable for RI = 1-4, for higher ranks this becomes highly unacceptable. Hence, there is a need for reducing the complexity but without loosing the basic essence of Scheme-B which is free selection of beams. 

Based on our simulations, we observed that even after allowing the UE to freely select the SD basis vectors across multiple layers for RI = 5-8, the probability of selecting the same SD basis vectors for two or more layers is high. Based on this observation, we feel that Scheme-2 can be adopted as an extension of Scheme-B for RI = 5-8.
Proposal 2: Support Scheme 2 as extension for Scheme-B for RI = 5-8

For RI = 5-8, we feel that up to 4 SD basis vectors can be selected for all ranks between 5-8 depending on the channel conditions. The number of SD basis vectors that are reported to the BS should be selected by the UE. Hence, the number of selected SD basis vectors should also be a part of CSI report. 

Proposal 3: The number of selected SD basis vectors should also be a part of CSI report

Mapping of each of the selected SD basis vectors to a specific layer should also be reported by the UE. Regarding this aspect, we feel that these shouldn’t be any pre-configuration of the mapping between the SD basis vectors and the associated layers. For example, a configuration such as first SD basis vector mapping to first and second layers, second SD basis vector mapping to third and fourth layer and so on, bring down the performance. Hence free association of the selected SD basis vectors to different layers should be supported.

Proposal 4: Free association of the selected SD basis vectors to different layers should be supported

Based on our simulations, for ranks 5 and 6, we observed that there are several instances where 4 SD basis vectors are selected. Hence, we feel that selection of 4 SD basis vectors for RI = 5-6 should be supported.

Proposal 5: Selection of 4 SD basis vectors for RI = 5-6 should be supported 

We also observed in our simulations that there are several instances where a single SD basis vector is being selected for 3 different layers. Hence, mapping of a single SD basis vector to up to 3 layers should be supported.

Proposal 6: Mapping of a single SD basis vector to up to 3 layers should be supported

3.2 UCI

In the last RAN1 meeting, for Scheme-B it was agreed that a  bit indicator per layer is supported to indicate the selected SD basis vectors to the BS. This is because in Scheme-B, free selection of SD basis is supported and it is also agreed that all the selected SD basis vectors belongs to a same orthogonal beam set. Two alternatives are proposed in last meeting regarding the signaling of SD basis vectors in the UCI. 

Alt 1. Wideband. Field is present in CSI Part 1.  is configured to the UE and  bit indicator per layer . 
Alt 2. Wideband. Field is present in CSI Part 1.  bit indicator per layer 

As per our understanding, we feel that Alt.1 is too restrictive and causes higher spec impact that Alt. 2. Hence, Alt.2 should be supported for Scheme-B for RI = 1-4.

Proposal 7: Alt 2 should be supported for Scheme-B regarding SD basis vector selection indicator for each layer in UCI

Similarly, among the two proposed alternatives for Inter-polarization co-phase selection for each layer, we feel that Alt.2 should be supported i.e., 2-bit indicator per layer at least for RI = 1-4.

Proposal 8: Alt 2 should be supported for Inter polarization co-phase selection indicator for each layer in UCI


3.3 Multi-Panel Codebook Design

In the last meeting, several companies have proposed to support Type-1 Multi-Panel codebook for up to 128 CSI-RS ports. We feel that the current supported schemes for Type-1 SP extension i.e., Scheme-A and Scheme-B, provides a good performance and complexity balance. Hence, we feel that MP codebook extension should only be considered if a significant performance gain is seen when compared with the current schemes. 
Proposal 9: MP codebook extension should only be considered if a significant performance gain is seen when compared with the current schemes

In the previous meeting, two potential schemes are proposed for extending Type-1 MP codebook for up to 128 CSI-RS ports

	- Scheme 1. Based on R15 Type-1 MP design directly extended with Ng = K (2,3,4), and new () values
	- Scheme 2. Based on Scheme 4/6 as described in the RAN1 #116 agreement
		- W1 Structure: Reuse legacy Rel-15 Type-1 SP SD basis selection with L = 1 				   independently for each of the K NZP CSI-RS resources
		- W2 Structure: 
			- Legacy Rel-15 Type-1 inter-polarization co-phasing rules independently in each 			  resource
			- Layer-common inter-resource M-PSK co-phasing rules independently in each 				  resource

Based on the proposed schemes, the main difference between Scheme 1 and Scheme 2 is that Scheme 2 facilitates the UE to select different SD basis vectors for different sub-array whereas in Scheme 1, only one SD basis vector is selected and used across all sub-arrays. We feel that Scheme 1 is a basic scheme which has low complexity and smaller gain compared to Scheme 2. Hence, we feel that Scheme 2 should be supported as Type-1 MP scheme as it gives better performance when compared to Scheme 1.

Proposal 10: Scheme 2 should be supported as Type-1 MP scheme


4    CRI based CSI reporting for HBF

Increasing the number of antennas requires enhancements to existing specification to support hybrid beamforming besides increasing the number of CSI-RS ports. Supporting HBF for the larger antenna panels achieves reasonable tradeoff between the implementation cost and performance. In the R15 specification, HBF is supported with smaller number of antenna ports. According to the current specification, multiple CSI-RS resources will be transmitted to the UE with equal number of ports by using different analog beams and the UE measures the best beam and reports the CSI for the RS corresponding to that beam. As per the current specification, if  resources are configured, each resource contains 16 CSI-RS ports whereas if  CSI-RS resources are configured, then each resource contains at most 8 CSI-RS ports.

As per the scope of the WID, hybrid beamforming needs to be enhanced to multi-beam reporting with PMI/CQI/RI per beam in order to extend hybrid beamforming to larger antenna arrays and increased MU-MIMO scheduling opportunities. In the previous meetings, it was agreed to support both Type-1 SP codebook and eType-II codebook for CRI-based CSI refinement for up to 128 CSI-RS ports. For Type-1 SP codebook, the maximum number of quadruplets that can be reported is limited to 4 whereas in eType-II codebook, the maximum number of quadruplets that can be reported is limited to 2 where a quadruplet contains (CRI, RI, PMI, CQI). With the increase in the number of quadruplets, the feedback overhead also increases. To address this problem, methods to compress different CSI fields was discussed. In the previous meeting, it was agreed that CRI field is signaled separately i.e.,  bits are used per CRI.

The scope for compressing the other CSI fields was discussed in the previous meetings. Among them, RI, WB CQI and SB CQI were discussed. Regarding RI, multiple companies proposed to have a CRI/resource-common RI value. Restricting the RI to be same across all CRIs results in degradation of performance. Since each CRI is associated with a different analog beam, the channel experienced by the UE across different CRI’s will have low correlation. Hence, the rank of the channels for each of the CRI is independent of each other. So, we feel that RI should be CRI specific.


Proposal 11: RI should be selected independently for each of the CRIs

6      Summary
The proposals of this contribution are summarized as follows:

Proposal 1: Support Scheme 1 as extension for Scheme-A for RI = 5-8

Proposal 2: Support Scheme 2 as extension for Scheme-B for RI = 5-8

Proposal 3: The number of selected SD basis vectors should also be a part of CSI report

Proposal 4: Free association of the selected SD basis vectors to different layers should be supported

Proposal 5: Selection of 4 SD basis vectors for RI = 5-6 should be supported

Proposal 6: Mapping of a single SD basis vector to up to 3 layers should be supported

Proposal 7: Alt 2 should be supported for Scheme-B regarding SD basis vector selection indicator for each layer in UCI

Proposal 8: Alt 2 should be supported for Inter polarization co-phase selection indicator for each layer in UCI

Proposal 9: MP codebook extension should only be considered if a significant performance gain is seen when compared with the current schemes

Proposal 10: Scheme 2 should be supported as Type-1 MP scheme

Proposal 11: RI should be selected independently for each of the CRIs
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