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Introduction
On 128 CSI-RS ports and UE reporting enhancements [1], there was good progress in RAN1#116.
In this contribution, we provide our views on CSI enhancement for up to 128 CSI-RS ports and UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul.
CSI enhancement for up to 128 CSI-RS ports
To increase spectrum efficiency and capacity, it is targeted to support large antenna arrays by enhancement to CSI reporting and hybrid beamforming with up to 128 CSI-RS ports. 
Configuration of CSI-RS resource
CMR/IMR restriction 
In last meeting, it was agreed to support up to 128 ports by aggregating several legacy NZP CSI-RS resources with equal number of ports. The one remaining issue is the pattern of aggregated CSI-RS resources in time, and/or frequency domain. 
For time domain pattern, to reduce the impact of channel variation in time domain and keep phase continuity of UE receivers, it is proposed to configure the resources within one or two-consecutive slot(s).
For frequency domain multiplexing, the CSI-RS resources corresponding to 128 ports should occupy the same subband so that UE can obtain the channel of all CSI-RS ports for a subband. 
Proposal 1: For type-I/II codebook refinement with up to 128 ports, the CSI-RS resources should be configured in one or two consecutive slot(s). 
In legacy specification, the IMR(s) and CMR(s) are QCLed resource-wise. However, for up to 128 CSI-RS ports, since all the aggregated CSI-RS resources for channel measurement are used for one antenna panel/TRP, it only needs to configure one IMR for interference measurement. 
Proposal 2: For type-I/II codebook refinement with up to 128 ports, configure only one IMR for interference measurement.
As agreed in RAN#116 meeting, Rel-16 enhanced Type-II regular, Rel-17 Further enhanced Type-II Port Selection and Rel-18 Type-II Doppler regular codebooks need to be enhanced for up to 128 ports. 
For up to 32 CSI-RS ports, for CSI for Type II codebooks other than the aperiodic CSI for Rel-18 Type-II Doppler regular codebook, UE measures all the CSI-RS resources in a CSI-RS resource set for channel measurement. And for aperiodic CSI for Rel-18 Type-II Doppler regular codebook, multiple aperiodic CSI-RS resources are configured in one resource set separated by the one or two slot(s) to predict the CSI in future slot(s). Since one CSI-RS resource can support up to 32 ports, only one resource is configured for one occasion and each resource in the resource set for AP-CSI-RS Doppler measurement corresponds to the same CSI-RS ports. 
However, for up to 128 ports, multiple aggregated resources have to be configured for one CSI occasion, so it is necessary to discuss the aggregation of CSI-RS resources for Doppler codebooks, e.g., which CSI-RS resources compose one measurement occasion. 
This issue can be resolved by configuring multiple resources sets, each of which corresponds to one measurement occasion and consists of multiple CSI-RS resources with up to 128 ports in total. This is illustrated in Figure 1. In this way, Doppler information can be obtained by measuring all resource sets.
Proposal 3: For Type-II Doppler regular codebook with aperiodic CSI measurement, support configuration of multiple resource sets, each of which contains multiple resources with up to 128 ports in total.
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Figure 1 Aperiodic CSI-RS configuration for Type-II Doppler regular codebook

Port index mapping rules with multiple resources
In current spec for CSI-RS resources with number of ports less than or equal to 32 ports, it is assumed to map the CSI-RS ports to the antenna ports of the antenna array in ascending order of one dimension firstly, in ascending order of another dimension secondly, and then in the polarization finally, which matches to the codebook design. Hence the CSI-RS port mapping for up to 128 ports should also comply with this principle in order to minimize the impacts to existing codebook design.
Considering the co-existing with legacy UEs to avoid large CSI-RS overhead, there are two ways to aggregate multiple CSI-RSs, as illustrated in Figure 2:
· Sub-panel based: each CSI-RS resource is transmitted by a sub-panel, each port of which corresponds to one antenna port on the antenna panel, and the ports from the multiple resources are directly mapped to those of up to 128 ports.
· Single-panel based: each CSI-RS resource is transmitted by the whole antenna panel with a precoder, the ports in multiple resources are jointly aggregated into up to 128 ports according to the precoder. 
The sub-panel based CSI-RS aggregating follows the design in LTE Rel-13/14, which supports up to 32 ports (for FD-MIMO 2D codebooks). The single-panel based CSI-RS aggregating can support better the resource sharing between UEs with different capabilities, where all antenna ports and all transmission power can be fully used for UEs supports less CSI-RS ports.  
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(a) sub-panel based aggregating
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(b) single-panel based aggregating 


Figure 2 Aggregation of multiple CSI-RS resources
Sub-panel based CSI-RS aggregating 
As agreed in RAN#116 meeting, K CSI-RS resources are configured for up to 128 CSI-RS ports, and each of the resources can be configured for one legacy UE in case there are both legacy and new UEs. With this configuration, the up to 128-port antenna panel can be split into several 24/32-port sub-panels. The splitting can be in horizontal dimension or vertical dimension, as shown in the Figure 3 to 4. Each CSI-RS resource is configured with  ports, where  is the number of columns and  is the number of rows for each resource. By this way, the legacy UE(s) can use one of the resources with the configuration (n1, n2). 
It is worth noting that the beam resolution in horizontal dimension is more important than in vertical dimension for CSI measurement from performance point of view. As shown in the Figure 5, the split of (N1=8, N2=2) has better performance compared to (N1=4, N2=4). However, for flexible antenna layout and configuration, both horizontal and vertical modes can be supported.
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Figure 3 Port numbering for 128-port antenna array with splitting in horizontal dimension
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Figure 4 Port numbering for 128-port antenna array in vertical dimension
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Figure 5 Performance of legacy UEs with different port configurations 
Then following the splitting in horizontal or vertical dimension, the supported aggregation of multiple CSI-RS resources is listed in the following table.
Table 1 The supported aggregation of CSI-RS resources
	Total # CSI-RS ports across aggregated resources 
	(N1, N2)
	(n1, n2) per each CSI-RS resource

	
	
	Split in N1 dimension
	Split in N2 dimension

	48
	(8,3)
	(4,3) 
	(8,1)

	
	(6,4)
	NA
	(6,2)

	64
	(16,2)
	(8,2)
	(16,1)

	
	(8,4)
	(4,4)
	(8,2)

	128
	(16,4)
	(4,4)
	(16,1)

	
	(8,8)
	NA
	(8,2)



Proposal 4: Support the splitting of CSI-RS resource in N1 dimension or N2 dimension.
Then the port indexing can be expressed as below:

[bookmark: _GoBack]where  is port index of the ports in the kth CSI-RS resource,. N is the number of ports per CSI-RS resource, and N2 is the number of rows of the up to 128 port antenna arrays.  and  are the horizontal and vertical index of kth CSI-RS resource, for example,  and  for the  aggregated resource in Figure 3 to 4.  and  are the number of columns and rows, respectively. The definitions of s, j, L are the same as those in legacy definitions. 
Proposal 5: The up to 128 CSI-RS ports are numbered as

where  is port index of the ports in the kth CSI-RS resource, N is the number of ports per CSI-RS resource, N2 is the number of rows of the antenna panel,  and  are the horizontal and vertical index of the kth CSI-RS resource, n1 and n2 are the number of columns and rows per CSI-RS resource. The definitions of s, j, L are the same as those in legacy definitions.  
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For a network with multiple UEs of different capabilities of different maximum number of CSI-RS ports (as shown by Figure 6), significant performance benefits can be achieved by single-panel based CSI-RS aggregating in terms of co-existence, coverage and overhead. 
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Figure 6 CSI-RSs for coexistence between legacy UEs and new UEs
In the network, gNB may use a set of CSI-RS resources for all the UEs. For single-panel based aggregating, all the UEs with various capabilities can achieve the same coverage performance with full antenna array gain. 
However, the coverage of sub-panel based aggregating is significantly reduced for the UEs with capability of  ports. The coverage loss is due to two aspects. Firstly, only  antennas are transmitted per resource, thus there will be a loss of array gain as  (or ) dB. Secondly, the transmission power over each antenna port is reduced by a factor of   (or ), since only partial of the RF capability is used. The total loss for UE supporting maximumly  is 12 dB and 6 dB (), respectively, which degrades CSI-RS channel estimation and data transmission performance. For UEs with capability of less CSI-RS numbers, the loss of power and antenna array gain results in severe coverage problem in the network. 
Observation 1: By a same set of CSI-RS resources, sub-panel based CSI-RS resource aggregating may lead to up to 12 dB coverage loss for legacy UEs, while single-panel based CSI-RS resource aggregating achieves full gain for all UEs. 
One alternative way to overcome the coverage problem is to use multiple sets of CSI-RSs at gNB for UEs with different capabilities on maximum number of CSI-RS ports. To achieve acceptable performance, gNB will need to configure three sets of CSI-RSs to support three UE capabilities of  . A set of 8 pre-coded CSI-RSs for  (128 antennas is virtualized into  ports, with eight virtualizations with oversampling of 2), a set of 8 pre-coded CSI-RSs (with oversampling of 2) for  (128 antennas is virtualized into  ports, with four virtualizations with oversampling of 2), and a set of 4 un-coded CSI-RSs for , where each CSI-RS resource is configured with 32 ports. 
The CSI-RS overhead is analysed and summarized in Table. The overhead of sub-panel based aggregating with three CSI-RS resource sets for three different UE capabilities is 38.5%, which is extremely high and unacceptable (in Table 2) for practical deployment, while the overhead of single-panel based aggregating is much lower. 
Observation 2: Sub-panel based CSI-RS resource aggregating for up to 128 ports leads to significant overhead of 38.5%, while single-panel based CSI-RS resource aggregating requires much less CSI-RS. 
Furthermore, the pros and cons are summarized in Table 3. Based on the analysis, we have the following proposal: 
Proposal 6:  Single-panel based CSI-RS aggregating should be supported for R19, where each resource is transmitted by the whole antenna panel with a precoder, the ports in multiple resources are jointly aggregated into up to 128 ports according to the precoders.
Table 2 CSI-RS overhead for CSI measurement (CSI-RS periodicity 10ms)
	Aggregating 
	Overhead 

	Sub-panel based 
	38.5%

	Single-panel based 
	15.4%



Table 3 Pros and cons between two aggregation schemes
	Aggregating 
	Pros
	Cons 

	Sub-panel based 
	Simple CSI-RS port indexing
	R19 CSI-RS configuration leads to several key issues considering co-existence with legacy UEs (including R18 NES UEs) and R19 UEs with different capabilities 
· Poor coverage (reduced by  dB) for legacy UE and R19 UEs with lower capability if only one set of CSI-RSs is used at gNB 
· High overhead at gNB if three sets of CSI-RSs are used for legacy UE and R19 UEs at gNB, respectively 

	Single-panel based 
	R19 CSI-RS configures supports legacy UEs and R19 UEs with different capabilities based on a single set of CSI-RSs at gNB
· Less overhead at gNB 
· Full coverage for both legacy and R19 UEs 
	Port indexing needs to consider the jointly aggregation of CSI-RS resources.



Enhancements for Type-I codebook
Type-I codebook design
In last meeting, there are several schemes based on type-I codebook for down-selection. After offline discussion, companies converged to scheme 1 and scheme 2.
For Scheme1 baseline enhancement, there are several remaining issues for (O1, O2) and codebook structure for <16 or >16 ports.
One reamaining issue whether O1=O2=2 or O1=O2=4. As shown in Figure 7, (O1, O2) = (2,2) has about 8% performance loss compared to (O1, O2)=(4,4). And the overhead of (O1, O2)=(4, 4) is only 2 bits greater than that of (2, 2). Therefore, it’s preferred that (O1, O2)=(4, 4).
Observation 3: For type-I, (O1, O2) = (2,2) has about 8% performance loss compared to (O1, O2)=(4,4).
Proposal 7: For type-I scheme-1, support O1=O2=4.
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Figure 7 Performance gain for different (O1, O2)
Another remaining issue is that for Rank-3/4 whether to follow legacy codebook structure for <16 ports or for >=16 ports.
The two codebook structures are compared by evaluation results, as shown in Figure 8. For rank-3/4, following legacy mechanisms for <16 ports can achieve a higher gain than following legacy mechanisms for >=16 ports. If the indication of selected SD basis indices follows Rel-15 Type-I, legacy mechanisms for >=16 ports require 1 more bit reporting overhead than the legacy mechanism for <16 ports. Considering the performance and overhead, the legacy mechanism for <16 ports is preferred.
Observation 4: For rank-3/4, following legacy mechanisms for <16 ports can achieve a higher gain than following legacy mechanisms for >=16 ports.
Proposal 8: Support following legacy mechanisms for <16 ports for rank-3/4.
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Figure 8 Performance gain for rank3/4
For Scheme2 enhancement, one remaining issue the indication of SD basis.
In Scheme 2, L=1 DFT-based SD basis is determined for each layer. The indication of selected SD basis indices should follow Rel-16 eType-II since the combinatoric numbers can be used to reduce overhead. After selecting the L= #rank orthogonal beams, the L orthogonal beams are mapped to L layers. And the indication of (q1, q2) can be layer-common following legacy. This means the SD basis selection indication includes a layer-common (q1, q2) and  bits for all layers.
Another way for layer-specific SD basis selection includes layer-common (q1, q2) and  bits for each layer, which costs 4 more bits than the combinatoric number for 128 CSI-RS ports and rank-4. 
As shown in Figure 10, the performance can be improved by 31% with scheme 2 while improved by 22% with scheme 1. For SD basis indication, SD basis indication by combinatorics (-bits-for-all-layers) achieves 30.8% performance gain while SD basis indication by bitmap (-bits-for-each-layer) achieves similar performance gain with combinatorics but with more overheads. Therefore, indication of L orthogonal basis using combinatoric numbers is preferred.
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Figure 9 layer-specific SD selection
[image: ]
Figure 10 performance gain of scheme 1 and scheme 2

Proposal 9: Support scheme 1 and scheme 2 enhancement for Type-I. 
Proposal 10: Indication of L orthogonal basis using combinatoric numbers is preferred, where L is number of ranks.
CBSR overhead restriction
The RRC signaling overhead of the CBSR of the existing Type-I codebook is N1*O1*N2*O2. To support measurements of CSI-RS ports up to 128 ports, the RRC overhead is up to 1024 bits, which is 4 times higher than that of 32 ports. To reduce the signaling overhead of the RRC configuration in CBSR, there can be following options:
· Option 1: Group-based CBSR indication
The CBSR can be used to restrict the interference to a certain direction by restriction of the beam to that direction. With increased number of ports, the beam is much narrower. Then the restriction of interference to a certain direction can be achieved by restriction of a group of narrow beams to that direction. This is illustrated in Figure 11, where all beams are divided into P groups, and a bit in CBSR indication indicates a group of beams. In this way, the cost of the bitmap is directly reduced to P bits. The grouping size or pattern can be predefined or configured, and the flexibility of group indication can be enhanced by using additional bits to indicate the grouping pattern. For example, different  and  can be configured for different groups.
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Figure 11 Group-based CBSR
· Option 2: Dimension-specific indication
When the restriction is towards some selected beams of a specific horizontal beam, or some selected beams on of a specific vertical beam, the dimension-specific indication of CBSR can be considered. The N1-bit first bitmap is used to indicate whether there are unusable horizontal beams. The N2-bit second bitmap is used to indicate whether there are unusable vertical beams. Then the inter-section beams from the two bitmaps will not be reported by UE. The overhead is reduced to N1O1+N2O2.
Option 2 focuses on the use case when beams in specific dimensions are restricted. While Option 1 is a more general and simpler solution applicable to large-port narrow-beam scenarios. Therefore, Option is preferred.
Proposal 11: Support group-based CBSR indication to reduce the RRC overhead for Type-I codebook. 

Enhancements for Type-II codebook
Parameter combinations 
For enhanced Rel-16 eType-II codebook, only the indicator of spatial-domain basis selection brings extra overheads, with 14 bits increment at most. Therefore, all existing parameter combinations for enhanced Rel-16 Type-II codebook can be supported.
Proposal 12: Support all legacy parameter combinations for enhanced Type-II regular codebook.
For enhanced Rel-17 FeType-II codebook, the main factor impacting the overhead is the alpha. Then to reduce the overhead, one direction is to reduce the supported alpha. However, as shown by the simulation results in the Figure 12, alpha = 1 achieves a large performance gain, which increases 7% performance gain compared to alpha = 0.75. Hence, we propose no reduction of alpha for enhanced Rel-17 FeType-II codebook. 
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Figure 12 Performance gain of enhanced Rel-17 FeType-II with M=1

Proposal 13: Support alpha = 1 for enhanced Rel-17 FeType-II codebook.

SD basis selection indication design
Based on the encoding/decoding of SD selection indication (Clause 5.2.2.2.3 of TS 38.214), any combinatorial value  with  and  should be stored on UE memory, where is the number of columns and rows of antenna panel and is the number of selected spatial domain basis. For up to 128 ports CSI-RS, larger  are supported which increase UE(s) storage complexity.
For the SD basis selection indication, we prefer to directly extend the table shown in Clause 5.2.2.2.3 of TS 38.214 for optimal performance by free-selection for better performance. The complexity in calculation can be resolved by Vandermonde’s identity, facilitated by Pascal triangle construction.
Proposal 14: Support that directly extend the table shown in Clause 5.2.2.2.3 of TS 38.214 for optimal performance by free-selection.
To facilitate the deployment of large antenna arrays with limited increase of complexity, the scheme to reduce UE complexity can also be considered.
Divide the CSI-RS ports into M groups, then select SD basis from the subset of M groups. To reduce the performance impact due to loss of selection flexibility, each basis can be selected from different groups. Figure 13 shows an example of ports grouping, where the 128 ports are divided into 16 groups of the same size. In this case, the indication overhead is . Compared with the free selection, it reduces UE complexity in calculation of C(x,y), and the overhead by 1 to 2 bits.
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[bookmark: _Hlk161988978]Figure 13 Port grouping of Option1
Proposal 15: To facilitate the deployment of large antenna arrays with limited increase of complexity, support to divide the measurement ports into groups, and select each SD basis from one non-repeating group of them.

CBSR overhead restriction
Similar to discussion in section 2.2.2, the RRC overhead for CBSR increases with the ports extended to up to 128 ports for Rel-16 eType-II. In legacy CBSR for eType-II, four beam groups with size O1O2 are selected first, and then a bitmap indicates the beams and restricted power levels. In this method, the beams within a maximum of only four orthogonal beam groups can be configured with CBSR. However, as the beam becomes narrower, it is very likely that more beams should be configured for CBSR. Thus, simply reducing the O1O2 groups as legacy would make the CBSR's instructions much more limited.
Therefore, group-based CBSR indication as discussed in 2.2.2 can also be supported for eType-II codebook, where two bits in the bitmap in legacy CBSR configuration indicates the restriction of a group of neighboring beams.
Proposal 16: Support group-based CBSR indication to reduce the RRC overhead for Rel-16 eType-II codebook. 
Multi-beam reporting for hybrid beamforming
As is known to all, larger antenna array with hybrid beamforming (HBF) can achieve reasonable tradeoff between cost-effectiveness and performance in FR1. The typical HBF subarray architectures are exemplified in Figure 14. With the increase of subarray size, the analog beam becomes narrower, which means more analog beams are needed to guarantee the coverage. Specifically, the number of required analog beams for the typical subarray architecture in Figure 14 is 2/4 (corresponding to the number of phase shifters) without oversampling and can reach 8 under double oversampling. To accommodate the multi-beam based HBF transmission, the corresponding CSI measurement and reporting are discussed in the following sections.
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(a) Subarray size 6
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(b) Subarray size 8
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(c) Subarray size 12


Figure 14 Typical HBF subarray architectures
Multi-beam CSI measurement 
In RAN1#116 [1], the supported combinations of the number of CSI-RS resources  and the maximum number of ports per resource were agreed for multi-beam CSI measurement as below:
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, the supported combinations of KS value and the maximum number of ports per NZP CSI-RS resource are as follows:
· FFS: UE capability on KS and the number of ports per resource
	KS
	Maximum # ports per resource

	2, 3, 4
	32

	5, 6, 7, 8 
	16





Intuitively, each analog beam can be associated with a separate CSI-RS resource during multi-beam CSI measurement, which leads to the linearly-increased CSI overhead shown in Table 4. However, if oversampling, the conventional method to improve the coverage, is adopted to generate the analog beams, transmitting less CSI-RS resources than the total number of analog beams without harming CSI measurement is possible. This attributes to the wireless channel sharing among analog beams, which makes it feasible to reconstruct the channel of oversampled beams through that of orthogonal beams at the UE side.
Table 4 CSI-RS overhead for multi-beam CSI measurement (CSI-RS periodicity 10ms, 16 ports)
	Total number of analog beams
	CSI-RS overhead based on one-one mapping between analog beams and CSI-RS resources
	CSI-RS overhead based on mapping only between orthogonal beams and CSI-RS resources

	8
	7.7%
	3.8%


Observation 5: For multi-beam CSI measurement, the CSI-RS overhead is pretty high if each analog beam is associated with a separate CSI-RS resource. 
Proposal 17: For multi-beam CSI measurement, transmitting less CSI-RS resources than the total number of analog beams should be considered to reduce the CSI-RS overhead. 
Multi-beam CSI reporting
Regarding multi-beam CSI reporting, following related agreements were achieved in RAN1#116 [1] and the key issues listed below are subsequently discussed:
· The supported codebook(s)
· The supported value(s) of X 
· The determination of reported beams
· UCI design/optimization 
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) signalling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether solution to allow CSI reporting for larger number of CSI-RS resources across multiple CSI reports is supported
FFS: whether further restriction(s) on CMR configuration is needed, including relation with IMR
FFS: the packing order of the information of M “quadruplets”, CSI omission rule
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not
FFS: Whether KS, maximum # ports per resource, and X depend on codebook type

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, regarding the supported codebook(s) for calculating CQI/PMI/RI on each of the M CRI(s), decide, in RAN1#116bis, between the two alternatives: 
· Alt1: only Rel-15 Type-I Single Panel codebook 
· Alt2: Rel-15 Type-I Single Panel codebook and the Rel-16 eType-II codebook


The supported codebook(s)
According to above agreement, supporting only Type-I SP codebook or both Type-I SP and eType-II codebook will be decided in this meeting. As is known to all, Type-I codebook works well under SU MIMO scenario, while eType-II codebook, owing to its high resolution, can achieve much higher spectrum efficiency and consequently create more scheduling opportunity than Type-I codebook under MU MIMO scenario. This also holds for HBF architecture as shown in Figure 15. Therefore, eType-II codebook should be supported for multi-beam CSI reporting.
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Figure 15 Relative throughput with different codebook types 
Observation 6: Under MU MIMO scenario, eType-II codebook provides significant performance gain over Type-I SP codebook for HBF architecture.
Proposal 18: For multi-beam CSI reporting, support both Type-I SP and eType-II codebook.
The supported value(s) of X 
The value of X, in other words the maximum number of reported beams (i.e., CRIs and associated RIs/PMIs/CQIs), will also be decided in this meeting. Since the analog beam in FR1 is relatively wider than that in FR2, the UE is expected to be able to receive signal from multiple analog beams. Considering the gNB can only transmit different analog beams in TDM manner, in order to acquire more MU scheduling opportunity, UE should be capable of being served by multiple analog beams, the pre-requisite of which is the corresponding CSIs is available to the gNB. As a consequence, larger number of reported beams, or we say larger X, should be supported. The performance, overhead, and complexity of reporting different number of beams are shown/analyzed below assuming eType-II codebook is adopted.
Figure 16 reveals the performance of multi-beam based HBF system with different X, and the simulation assumptions can be found in Appendix B. It can be clearly observed that the HBF system performance rises prominently with the increase of X. Specifically, compared with X = 1, the performance gain of X = 2 or 4 can approach 23% or 40%, respectively.
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Figure 16 Relative throughput with different X 
Observation 7: For multi-beam based HBF system, X = 2 or 4 can respectively bring 23% or 40% performance gain over X = 1 when eType-II codebook is adopted.
Table 5 summarizes the overhead of multi-beam CSI reporting with different X, where the per-beam independent reporting is assumed. The reporting overhead of Rel.18 CJT with NTRP = X is also listed for comparison. Besides the intuitive proportional relationship between the overhead and X, it should be noticed that the reporting overhead of multi-beam CSI is comparable with that of Rel.18 CJT under the same parameter assumptions.
Observation 8: The reporting overhead of multi-beam CSI is comparable with that of Rel.18 CJT under the same parameter assumptions.
Table 5 Reporting overhead of multi-beam CSI and Rel.18 CJT (N1 = 8, N2 = 1, N3 = 18)
	
	Number of reported beams
	X = NTRP = 2
	X = NTRP = 4

	Multi-beam CSI reporting 
(eType-II codebook, per-beam independent reporting) 
	CRI
	4
	8 or 4

	
	RI
	4
	8

	
	CQI (subband)
	80
	160

	
	PMI (paramCombination-r16=4)
	786
	1572

	Rel.18 CJT
	CRI
	 4
	 4

	
	RI
	2
	2

	
	CQI (subband)
	80
	160

	
	PMI (paramCombination-r18=4)
	764
	1504


Figure 17 displays the complexity of multi-beam CSI reporting and Rel.18 CJT with different X. It is obvious that the complexity of multi-beam CSI reporting is similar to or lower than that of Rel.18 CJT with X (NTRP) = 2 or 4. The detailed analysis can be found in Appendix D. 
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Figure 17 Relative complexity of multi-beam CSI reporting and Rel.18 CJT
Observation 9: The complexity of multi-beam CSI reporting is similar to or lower than that of Rel.18 CJT with X (NTRP) = 2 or 4.
Based on aforementioned comprehensive discussion, we have the following proposal: 
Proposal 19: Support X = 4 for multi-beam CSI reporting when eType-II codebook is adopted.
 The determination of reported beams
Compared with the determination of M, which is agreed to be decided in this meeting, it is the determination of reported beams that really matters regarding whether more MU MIMO scheduling opportunities can be created. Concretely, if all the M reported beams are selected by the UE, given that the M is subject to UE capability/UL resource, there exists certain possibility that the gNB cannot serve the UE with its preferred analog beam decided based on traffic requirement and UE distribution. 
As shown in Figure 18, assuming the M is configured/selected as 2 for UE4, if both reported beams are selected by UE4, it may select to report CSI for Beam3 and Beam4, which makes the gNB, whose prefers to serve the cell with Beam2, unable to serve UE4, and consequently miss the opportunity of achieving higher-layer MU MIMO scheduling.
A straightforward approach to avoid aforementioned situation is relying on the gNB to decide all the reported beams. However, this may prevent the UE from obtaining optimal performance when the traffic falls back to SU. Taking the pros and cons of both directions into consideration, a natural trade-off is allowing the gNB to assist the UE, e.g., by indicating a high-priority subset of beams, during the determination of reported beams. 
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Figure 18 Exemplary UE distribution under HBF architecture
Proposal 20: Support the gNB to assist the UE during the determination of reported beams, e.g., by indicating a high-priority subset of beams.
UCI design/optimization
As discussed in section 2.4.2.2, when per-beam independent reporting is adopted, the reporting overhead of multi-beam CSI is comparable with that of Rel.18 CJT under the same parameter assumptions, which is actually high enough. 
Fortunately, owing to the wireless channel sharing, the correlations among analog beams are relatively high, which provides some opportunity to lessen the redundancy during multi-beam CSI reporting. As shown in Figure 19, the channel power distributions of multiple beams are highly correlated in spatial and delay domain. Based on this phenomenon, the UCI optimization can be adopted to reduce the reporting overhead.
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(a) Normalized power in spatial domain
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(b) Normalized power in delay domain


Figure 19 HBF multi-beam channel correlation
Observation 10: The channels of multiple beams are highly correlated, which provides opportunity for UCI optimization.
Proposal 21: The UCI optimization should be supported to reduce the reporting overhead.
Complexity reduction for higher rank
TDD network is one important scenario for commercial deployment of up to 128 CSI-RS ports enhancement. For TDD networks, both PMI-based and SRS-based CSI acquisition is important for performance. To enable the use of 128 ports under TDD system with practical UE implementation, UE complexity reduction is a crucial issue that need to be considered.
For PMI-based CSI acquisition, one solution is to enable multiple low dimension CSI calculation and reporting instead of one high dimension calculation and reporting for high ranks, where each low dimension CSI calculation and reporting is associated with a part of UE receive antenna ports. As an example, Rank-8 CSI calculation and reporting for 8Rx UE could comprise two Rank-4 CSI calculations and reporting. Each one of the two Rank-4 CSI calculations and reporting is corresponding to one CW (each CW corresponding to 4 layers), where each Rank-4 CSI is corresponding to 4 different UE receive antenna ports.
For SRS-based CSI acquisition, similar as low complexity CSI calculation and reporting for PMI based CSI acquisition, using multiple SRS resources where each SRS resource corresponding to a part of UE receive antenna ports. As an example, one 8 ports SRS measurement for 8Rx UE could comprise two 4 ports SRS measurements, where each 4 ports SRS measurement is corresponding to one SRS resource, and one SRS resource is associated with 4 different UE receive antenna ports.
Based on the discussion above, the solution for high rank complexity reduction can be viewed as dividing UE receive antenna ports into two low dimensional antenna group for independent CSI calculation and PDSCH reception. The simulation with 128 gNB antenna ports shows the performance where UE has 8 receive antenna ports with different receiver schemes. It can be seen that the performance of PDSCH reception with two antenna groups, each of which contains 4 different UE antenna ports (the green line), can almost reach the performance of full 8Rx receiver with Rank-8 (the yellow line) with only 10% loss. Comparing to the Rank-4 transmission (the red line), 8Rx with 2 antenna groups can get 49% gain.
However, from the complexity aspect, the complexity for the whole 8Rx with Rank-8 is 4.3 times of Rank-4 (red line), while the complexity for 8Rx with 2 antenna groups is only 1.9 times. Because the complexity can be significantly reduced while the performance has only marginal loss, antenna grouping of UE receiver should be supported to reach a good trade-off between performance and complexity.
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Figure 20 Performance of 8Rx UE with different receiver schemes.
Proposal 22: For the reduced complexity design under high rank (e.g. RI=5~8), CSI acquisition with UE antennas grouping should be supported.

UE reporting enhancement for CJT
Reporting configurations
Signalling the value of N in relation to NTRP
In last meeting, there are following options on reporting of N in relation to NTRP.
· Opt1: The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically signalled by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report
With UE reporting delay offsets, the information whether a TRP is selected has been reflected via ‘out-of-range’ state/hypothesis. And the UE selection of TRP has also been supported in Rel-18 CJT codebook. Hence there is no need for UE to have an additional report, as in option 3. 
Since network does not have the knowledge of TRP signal qualities, option 2 is not preferred. 
Hence, option 1 is preferred, i.e., the UE should report for all the configured  NZP CSI-RS resources/resource sets.
Proposal 23: Support the UE reporting for all the configured NTRP NZP CSI-RS resources/resource sets.  
Reference CSI-RS resource/resource set
[bookmark: _Hlk163068051]For reference TRP selection, there are following options.
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
For the reference CSI-RS resource/resource set, it should be selected by UE to avoid the cases where the fixed TRP has large frequency/delay differences with other TRPs. And UE can select the main serving TRP, to which the receiving FFT window is synced, thus UE processing is simpler. And a better quantization for reporting can be selected better by UE side.
Proposal 24: Support UE selecting and reporting for the reference CSI-RS resource/resource set.

Delay reporting 
The delay offset reporting contains the following three parts: 
(1) Dref:  bits to indicate the reference CSI-RS resource/resource set; 
(2) dn :1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval;
(3) Dn,offset: B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set.
For the value of Dn,offset, there are following alternatives.
· Alt1:  is uniformly spaced between 0 and AD, i.e.  with 
· Alt2:  is uniformly spaced between -AD and AD, i.e. , with 
Firstly,  and  represent ‘out-of-range’. These two ranges can be represented by one codepoint, for example, codepoint 00 is used to represent out of range, and out of range represents  or . Then, "M-2" in the alternatives should be changed to "M-1". Since UE can select for the reference CSI-RS resource/resource set, there is no much difference between the two alternatives. And the reporting range is AD for Alt1 and 2AD for Alt2.
Secondly, UE reporting for each TRP (corresponding to different CSI-RS resources/resource sets) may select different reporting ranges and quantization steps based on different measurement results, configurations, and RSRP gaps. For example, if the RSRP gap between one TRP and the reference TRP is large in the allowed RSRP gap range of the CJT cluster, it is considered that the delay difference compensation does not bring much benefit. In this case, coarse quantization can be performed, and a large quantization step can be selected for reporting. Otherwise, precise quantization is needed, and a smaller quantization step is selected for reporting.
Thirdly, the maximum reporting range AD (Alt1) and 2AD (Alt2) can be set to maximum delay difference that can be measured by UE (number of sample points  resolution). The number of sample point is the number of sample points in the frequency domain of the downlink reference signal (e.g. TRS), where the resolution depends on the bandwidth of the reference RS, e.g., 10M bandwidth TRS can provide with 0.1 resolution. If TRS is configured with  on 52 RBs, it can provide with maximum 15.6  range.
The quantization steps can be the resolution or multiple of the resolutions, assuming that the multiple is n, the resolution = , where  refers to the number of RBs. In this case the quantization step size  or .
In addition, a set of optional values can be predefined in the spec or can be configured by the base station, such as {1,1/2, 1/4, 1/8}. The UE selects the corresponding value multiplied by the fixed AD as the final reporting range according to the measurement results, which can avoid the problem of large quantitative feedback overhead when the delay offsets are small.

Proposal 25: Support UE reporting for each TRP with different reporting ranges and quantization steps based on different measurement results, configurations, and RSRP gaps.
Proposal 26: Support the maximum reporting range for DO setting to maximum delay difference that can be measured by UE.
Proposal 27: Support the quantization steps for DO be one or multiple of the resolution in measurement.
Proposal 28: Support a scaling of reporting range for DO, which can be selected by UE.

Frequency reporting 
[bookmark: _Hlk163068130]The frequency offset reporting contains the following two parts: 
(1) fref:  bits to indicate the reference CSI-RS resource/resource set; 
(2) FOn: B-bit indicator representing the frequency offset associated with the n-th CSI-RS resource/resource set.
On the value of FOn, there are following alternatives:
· Alt2A:  is uniformly spaced between -AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
The first issue is whether to support invalid codepoints. For UEs with not good channel qualities, the reported value may not be so reliable, but they are still useful when multiple UEs are considered that gNB can have a average frequency offset for TRP level frequency offset compensation. And since RSRP is known at gNB side, whether the reported frequency offset is reliable or not depends on gNB implementation. Therefore, there is no need to report ‘out-of-range’ or ‘invalid’ state/hypothesis as a codepoint for frequency offset reporting.  
Secondly, similar to delay offset reporting, UE reporting for each TRP (corresponding to different CSI-RS resources/resource sets) may select different reporting ranges and quantization steps based on different measurement results, configurations, and RSRP gaps.
Thirdly, the maximum reporting range AD (Alt1) and 2AD (Alt2) can be set to following options:
-	Option 1: 0.1ppm；In TS 38.104, the requirement of maximum transmit frequency error for a base station is specified and the most stringent requirement is +/-0.05ppm (e.g. 0.05ppm=). Worst case of frequency drift difference b/w two TRPs can be 1ppm (e.g. 0.1ppm=).
-	Option 2: Maximum frequency difference that can be measured by UE (number of sample points × resolution). The number of sample points is the number of sample points in the time domain of the downlink reference signal (e.g. TRS), where the resolution depends on the interval between RS symbols, e.g., TRS burst with 100ms can provide with 10 resolution. If TRS is configured with time domain density equals 10 (sent once every 10ms), it can provide with maximum 100  range.
The quantization steps can be the resolution or multiple of the resolution, assuming that the multiple is n, the resolution = , where T refers to the burst duration time of the reference signal used for the measurement. In this case the quantization step size can be  or .
Fourthly, a set of optional values can be predefined in the spec or can be configured by the base station, such as {1,1/2, 1/4,1/8} for the scaling of the reporting range. The UE selects the corresponding value multiplied by the fixed  as the final reporting range according to the measurement results, which can avoid the problem of large quantitative feedback overhead when the frequency offsets are small.
Fifthly, the UE shall assume that the measured and reported per-TRP frequency offsets cannot include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref. Doppler shift cannot be accurately measured due to changes in the user's moving speed. And UE cannot distinguish the Doppler shift and frequency offset caused by clock bias between TRPs. This can be handled by following gNB implementation:
· Solution 1: gNB can select a UE with low doppler shift from measuring SRS/DMRS for reporting.
· Solution 2: gNB can subtract the frequency offset by the frequency offset measured between SRS received by different TRPs, then the Doppler shift can be cancelled in the subtraction.
Proposal 29: Support the maximum reporting range for FO setting to be 0.1ppm of carrier frequency or maximum frequency difference that can be measured by UE.
Proposal 30: Support the quantization steps for FO be one or multiple of the resolution in measurement.
Proposal 31: Support a scaling of reporting range for FO, which can be selected by UE.
Proposal 32: UE shall assume that the measured and reported per-TRP frequency offsets cannot include Doppler shift (if existent).

Phase reporting 
In last meeting, the following agreement is achieved for phase reporting.
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
· FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
· FFS: Detailed UCI design



According to the last agreement, by RAN1#116bis, it shall be decided whether to support reporting the measured phase offsets. Here we would like to reiterate the importance of such reporting for TDD system which relies on SRS to acquire downlink channel information, and inconsistency of DL/UL reciprocity brings in phase offsets among TRPs. As shown in Figure 21, where , stands for the DL channel and UL channel between TRP i and UE, different TRPs may bear different DL/UL reciprocity calibration factors due to RF issue, i.e. , and . Without joint reciprocity calibration, coordinated TRPs may further suffer from an additional phase offset . 
[image: ]
Figure 21 DL/UL reciprocity offsets between TRPs in CJT
Such phase difference among TRPs would induce error when deciding the proper precoder. Assume the actual channel between UE and TRP 1 and TRP 2 are  and  respectively, and MRT (maximum ratio transmission) is assumed. Due to the DL/UL reciprocity misalignment among TRPs, the channel information acquired at gNb side is []. While the precoding gain is expected to be  , it would degenerate to . Let alone under MU-MIMO, this misalignment would further introduce severe interference 
Proposal 33: Support reporting, in one CSI reporting instance, {,  n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where,  denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit.
Concerning the phase offset caused by DL/UL reciprocity among TRPs, following steps can be taken to address the issue with the assistance of UE:
Step1: By receiving downlink reference signals from  TRPs, UE could firstly acquire the phase offset of the DL measured channels between TRP n and TRP nref, n = 0, 1, …, , 
Step2: UE report the corresponding DL phase offset between TRP n and TRP nref to reference TRP, i.e. 
, where  and  are the measured DL channel information for TRP n and TRP nref respectively. 
Step3: UE sends uplink reference signals to  TRPs respectively.
Step4: TRP nref sends information of the measured UL channel information to TRP n to acquire the  phase offset of the UL measured channels, i.e.
, where  and  are the measured UL channel information on the very same ports which send DL reference signal for TRP n and TRP nref respectively.
Step5: The phase calibration factor for TRP n could be calculated as 
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Figure 22 UE reporting for joint DL/UL reciprocity calibration  
Note that as we mentioned before, the joint DL/UL reciprocity calibration that we would like to address here is induced by the un-aligned RF non-ideal factors, which are frequency-independent. Other DL/UL reciprocity issue, such as the one caused by different propagation time among TRPs, could be address by either gNB implementation or the delay/time offset report by UE. Thus, given no obvious advantage for sub-band reporting, wide-band reporting is enough for phase offset reporting.
Proposal 34: Support wide-band reporting of the phase offsets, i.e. M=1
In addition, as no pre-assumptions on the phase offset among TRPs could be made (which is a difference of DL/UL RF phase difference), the reporting range should be  or . Uniform quantization should be applied. 
Proposal 35: Support uniformly quantized phase reporting between 
Measurement configurations
Multiple NZP CSI-RS resource sets can be configured for frequency/delay offset. And each resource set corresponds to one TRP. Multiple resources in a set correspond to one burst.
· The time-frequency domain mapping configurations of the resources in different NZP CSI-RS resource sets should be the same to ensure measurement accuracy of multiple TRPs as fairly as possible.
· Time domain configuration: In each resource set, N resources are adjacent to each other at a same interval, and each resource uses a same time domain resource configuration. 
· Frequency domain configuration:
· In each resource set, CSI-RS frequency domain densities of N-1 resources should be the same for easier Doppler offset measurement, and the frequency domain density of the remaining CSI-RS resource can be denser than the N-1 resources for a better measure of delay offset. For example, the first CSI-RS resource in one resource set has a higher density for accurate measurement of delay offsets. Multiple transmission occasions in time domain is to measure the frequency offset, and a density of subsequently sent reference signals in frequency domain can be smaller, to reduce reference signal overheads.
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Figure 23 Measurement configurations configured for frequency/delay offset
Proposal 36: The time-frequency domain configuration should be same between CSI-RS resource sets (TRPs). 
Proposal 37: The frequency density can be different between CSI-RS resources within a CSI-RS resource set (TRP).
QCL enhancement
New QCL assumptions need to be introduced after the frequency/delay offset between multi-TRPs are calibrated and compensated. 
· frequency offset compensation
After frequency offset compensation, the UE should assume that the DM-RS port(s)of the PDCCH/PDSCH is quasi co-located with the DL-RSs of the TCI state1(TRP 1) {Doppler shift, Doppler spread, average delay, delay spread} and TCI state2~ TCI state N (TRP 2~TRP N) {Doppler spread, average delay, delay spread}. For the reason that the frequency offsets of TRP 2~TRP N are compensated in reference to TRP1. Hence the doppler shift of TRP 2~TRP N should refer to TRP 1 and the rest of the parameters can be referred to by themselves.
· Delay offset compensation
After delay offset compensation, the UE should assume that the DM-RS port(s)of the PDCCH/PDSCH is quasi co-located with the DL-RSs of the TCI state1(TRP 1) {Doppler shift, Doppler spread, average delay, delay spread} and TCI state2~ TCI state N (TRP 2~TRP N) {Doppler shift, Doppler spread, delay spread}. For the reason that the delay offsets of TRP 2~TRP N are compensated in reference to TRP1. Hence the average delay of TRP 2~TRP N should refer to TRP 1 and the rest of the parameters can be referred to by themselves.
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Figure 24 New QCL assumptions 
Proposal 38: Support introducing the new QCL assumptions for delay offset compensation, where the DMRS ports are QCLed with DL-RS of one TCI state by typeA, and with DL-RS of the other N-1 TCI states by {Doppler spread, average delay, delay spread}.
Proposal 39: Support introducing the new QCL assumptions for frequency offset compensation, where the DMRS ports are QCLed with DL-RS of one TCI state by typeA, and with DL-RS of the other N-1 TCI states by {Doppler shift, Doppler spread, delay spread}.

Conclusions
The contribution provides our considerations on 128 CSI-RS ports and UE reporting enhancements for CJT, and the observations are listed as following:
Observation 1: By a same set of CSI-RS resources, sub-panel based CSI-RS resource aggregating may lead to up to 12 dB coverage loss for legacy UEs, while single-panel based CSI-RS resource aggregating achieves full gain for all UEs. 
Observation 2: Sub-panel based CSI-RS resource aggregating for up to 128 ports leads to significant overhead of 38.5%, while single-panel based CSI-RS resource aggregating requires much less CSI-RS. 
Observation 3: For type-I, (O1, O2) = (2,2) has about 8% performance loss compared to (O1, O2)=(4,4).
Observation 4: For rank-3/4, following legacy mechanisms for <16 ports can achieve a higher gain than following legacy mechanisms for >=16 ports.
Observation 5: For multi-beam CSI measurement, the CSI-RS overhead is pretty high if each analog beam is associated with a separate CSI-RS resource. 
Observation 6: Under MU MIMO scenario, eType-II codebook provides significant performance gain over Type-I SP codebook for HBF architecture.
Observation 7: For multi-beam based HBF system, X = 2 or 4 can respectively bring 23% or 40% performance gain over X = 1 when eType-II codebook is adopted.
Observation 8: The reporting overhead of multi-beam CSI is comparable with that of Rel.18 CJT under the same parameter assumptions.
Observation 9: The complexity of multi-beam CSI reporting is similar to or lower than that of Rel.18 CJT with X (NTRP) = 2 or 4.
Observation 10: The channels of multiple beams are highly correlated, which provides opportunity for UCI optimization.

The proposals are listed as below:
Proposal 1: For type-I/II codebook refinement with up to 128 ports, the CSI-RS resources should be configured in one or two consecutive slot(s). 
Proposal 2: For type-I/II codebook refinement with up to 128 ports, configure only one IMR for interference measurement.
Proposal 3: For Type-II Doppler regular codebook with aperiodic CSI measurement, support configuration of multiple resource sets, each of which contains multiple resources with up to 128 ports in total.
Proposal 4: Support the splitting of CSI-RS resource in N1 dimension or N2 dimension.
Proposal 5: The up to 128 CSI-RS ports are numbered as

where  is port index of the ports in the kth CSI-RS resource, N is the number of ports per CSI-RS resource, N2 is the number of rows of the antenna panel,  and  are the horizontal and vertical index of the kth CSI-RS resource, n1 and n2 are the number of columns and rows per CSI-RS resource. The definitions of s, j, L are the same as those in legacy definitions.  
Proposal 6:  Single-panel based CSI-RS aggregating should be supported for R19, where each resource is transmitted by the whole antenna panel with a precoder, the ports in multiple resources are jointly aggregated into up to 128 ports according to the precoders.
Proposal 7: For type-I scheme-1, support O1=O2=4.
Proposal 8: Support following legacy mechanisms for <16 ports for rank-3/4.
Proposal 9: Support scheme 1 and scheme 2 enhancement for Type-I. 
Proposal 10: Indication of L orthogonal basis using combinatoric numbers is preferred, where L is number of ranks.
Proposal 11: Support group-based CBSR indication to reduce the RRC overhead for Type-I codebook. 
Proposal 12: Support all legacy parameter combinations for enhanced Type-II regular codebook.
Proposal 13: Support alpha = 1 for enhanced Rel-17 FeType-II codebook.
Proposal 14: Support that directly extend the table shown in Clause 5.2.2.2.3 of TS 38.214 for optimal performance by free-selection.
Proposal 15: To facilitate the deployment of large antenna arrays with limited increase of complexity, support to divide the measurement ports into groups, and select each SD basis from one non-repeating group of them.
Proposal 16: Support group-based CBSR indication to reduce the RRC overhead for Rel-16 eType-II codebook. 
Proposal 17: For multi-beam CSI measurement, transmitting less CSI-RS resources than the total number of analog beams should be considered to reduce the CSI-RS overhead. 
Proposal 18: For multi-beam CSI reporting, support both Type-I SP and eType-II codebook.
Proposal 19: Support X = 4 for multi-beam CSI reporting when eType-II codebook is adopted.
Proposal 20: Support the gNB to assist the UE during the determination of reported beams, e.g., by indicating a high-priority subset of beams.
Proposal 21: The UCI optimization should be supported to reduce the reporting overhead.
Proposal 22: For the reduced complexity design under high rank (e.g. RI=5~8), CSI acquisition with UE antennas grouping should be supported.
Proposal 23: Support the UE reporting for all the configured NTRP NZP CSI-RS resources/resource sets.
Proposal 24: Support UE selecting and reporting for the reference CSI-RS resource/resource set.
Proposal 25: Support UE reporting for each TRP with different reporting ranges and quantization steps based on different measurement results, configurations, and RSRP gaps.
Proposal 26: Support the maximum reporting range for DO setting to maximum delay difference that can be measured by UE.
Proposal 27: Support the quantization steps for DO be one or multiple of the resolution in measurement.
Proposal 28: Support a scaling of reporting range for DO, which can be selected by UE.
Proposal 29: Support the maximum reporting range for FO setting to be 0.1ppm of carrier frequency or maximum frequency difference that can be measured by UE.
Proposal 30: Support the quantization steps for FO be one or multiple of the resolution in measurement.
Proposal 31: Support a scaling of reporting range for FO, which can be selected by UE.
Proposal 32: UE shall assume that the measured and reported per-TRP frequency offsets cannot include Doppler shift (if existent).
Proposal 33: Support reporting, in one CSI reporting instance, {,  n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where,  denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit.
Proposal 34: Support wide-band reporting of the phase offsets, i.e. M=1
Proposal 35: Support uniformly quantized phase reporting between 
Proposal 36: The time-frequency domain configuration should be same between CSI-RS resource sets (TRPs). 
Proposal 37: The frequency density can be different between CSI-RS resources within a CSI-RS resource set (TRP).
Proposal 38: Support introducing the new QCL assumptions for delay offset compensation, where the DMRS ports are QCLed with DL-RS of one TCI state by typeA, and with DL-RS of the other N-1 TCI states by {Doppler spread, average delay, delay spread}.
Proposal 39: Support introducing the new QCL assumptions for frequency offset compensation, where the DMRS ports are QCLed with DL-RS of one TCI state by typeA, and with DL-RS of the other N-1 TCI states by {Doppler shift, Doppler spread, delay spread}.
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Appendix A: System simulation assumptions for CSI enhancement for up to 128 CSI-RS ports
Table 7. Evaluation assumptions for CSI enhancement for up to 128 CSI-RS ports
	Parameters
	Evaluation assumptions

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Scenario
	Dense Urban (Macro only)

	Carrier frequency
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Subcarrier spacing
	15kHz

	Simulation Bandwidth
	10MHz

	BS Tx Power
	41 dBm

	BS antenna configuration
	128 ports: (M, N, P, Mg, Ng; Mp, Np) = (12,16,2,1,1,4,16), (dH,dV) = (0.5, 0.8)λ
64 ports: (M, N, P, Mg, Ng; Mp, Np) = (12,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ
32 ports: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	 (M, N, P, Mg, Ng) = (1,2,2,1,1);

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h; 

	UE receiver
	MMSE-IRC

	MIMO mode
	MU-MIMO, rank adaptation

	CSI feedback 
	Feedback assumption: 
· CSI feedback periodicity:  5ms 
· Scheduling delay:  4 ms

	SRS Configuration
	· SRS periodicity with 10ms
· Comb: 2
· Number of OFDM symbols: 2

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load
	70% RU



Appendix B: System simulation assumptions for Hybrid Beamforming
Table 8 System simulation parameters for massive MIMO with hybrid beamforming
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	7 GHz

	Channel Model
	According to the TR 38.901

	Scenario
	UMa with 300 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (32, 16, 2, 1, 1, 4, 16). (dH, dV) = (0.5, 0.8) 
4 analog beams 

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (1,2,2,1,1,1,2), (dH, dV) = (0.5, 0.5) 

	BS Tx power
	46 dBm

	BS antenna height
	25 m

	UE receiver noise figure
	9 dB

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 2 per UE 

	Traffic model
	Full buffer

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 30 UEs pre cell

	Precoding granularity
	4RB

	Precoding method
	EZF




Appendix C: Link level simulation parameters for UE reporting enhancement for CJT
Table 9 Simulation assumptions of LLS for UE reporting enhancement for CJT

	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5 GHz

	Channel Model
	CDL-C channel model in TR 38.901

	Delay Spread
	300ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (2, 8, 2, 1, 1; 2, 8), (dH, dV) = (0.5, 0.8) 

	TRP number
	2

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) 

	UE number
	4

	MCS
	Link Adaption

	Bandwidth
	20RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 2 per UE

	UE speed
	3km/h 

	Precoding granularity
	2RB

	SRS periodicity
	10ms

	DMRS
	Type 2 DMRS, double-symbol

	DL DMRS channel estimation
	LMMSE channel estimation

	Frequency offset
	0.1ppm


Appendix D: Multi-beam codebook complexity calculation
The overall procedure for codebook calculation includes the following six steps: CSI-RS channel estimation, CRI selection, SD basis selection, precoder selection, IM calculation and CQI calculation, and shown in Figure 14, and the detailed complexity for each step and parametric assumptions are shown in Table 10 and Table 11, respectively.
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Figure 14 Overall procedure for codebook calculation  
Table 10 Complexity calculation for different codebook types

	Procedure
	Remarks
	R16 eType II
	R18 CJT (eType II)
	R19 HBF (eType II)

	Step 1: LS channel estimation and noise reduction
	LS (Least squre based channel estimation with time domain)
	
	
	

	
	Noise reduction
	
	
	

	Step 2: CRI selection based on power
	Power calculation
	-
	
	

	Step 3: SD basis selection based on power
	DFT projection
	
	
	

	
	Power calculation
	
	
	

	Step 4: Precoder calculation
	Covariance calculation
	
	
	

	
	SVD
	
	
	

	
	FFT
	
	
	

	
	Power calculation
	
	
	

	Step 5: Interference measurement (IM) calculation
	LS (Least squre based channel estimation)
	
	
	

	
	Inter-cell interference
	
	
	

	
	Intra-cell interference
	
	
	

	Step 6: CQI calculation
	Equivalent Channel Calculation
	
	
	

	
	Equalization based on MMSE ()
	

	

	

	
	Equalization based on MMSE ()
	

	

	




Table 11 Parametric assumptions of complexity calculation
	Parameter
	Value

	UE antennas
	

	Number of sub-bands
	=18

	Frequency domain granularity
	4

	Number of CSI-RSs or TRPs
	

	Number of resource for IM
	 for R18 CJT,  for R19 HBF

	CSI-RS ports per resource
	=16

	Ports per resource for IM
	=8

	Number of reported TRPs or number of reported beams
	

	Number of SD basis
	

	Rank
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